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Subject: Kilarc-Cow Hydroelectric Project, FERC No. 606, Shasta County,
California - Comments on the First Stage Consultation Package

This responds to the Pacific Gas and Electric Company’s (PG&E) June 24, 2002, letter to the
ULS. Fish and Wildlife Service (Service) which transmitted the First Stage Consultation Package
(FSCP) in preparation for filing an application for new license for the Kilarc-Cow Hydroelectric
Project (Project). Comments were due back to PG&E (Applicant) on or before October 7, 2002.
For various reasons, PG&E extended the comment period until November 6, 2002. The Energy
Planning and Instream Flow Branch of the Sacramento Fish and Wildlife Office has recently
undergone several staff changes and no comments were sent in response to the FSCP by the
November 6, 2002 deadline. The Scrvice realizes that the deadline for submitting comments has
passed; however, PG&E has agreed to accept Scrvice comments submitted aficr the cxtended
deadline. We appreciate this opportunity to comment on the FSCP.

Introductory Comments on the 1* Stage Consultation Process

The Kilarc-Cow Project is a multi-dam hydroelectric project encompassing the Old Cow Creek
and South Cow Crecek Watersheds, including Mill Creek and North and South Canyon Creeks.
There is existing data from previously compicted studies, as well as new concepts about the
management of river systems, that support the development of additional studies to describe and
evaluate resources within the project affected area.

The purpose of these comments is to define data needs and study requirements so that sufficient
information is provided in the Final Application for new License (FAL) to {oster the
devclopment of Service recommendations that will adequately protect, mitigate, and cnhance fish
and wildlife populations and overall ccosystem health. Specifically, the Service desires to: (1)
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provide better technical information for sound resource decisions, (2) reduce time necessary for
settling disputes, (3) more effectively address stakeholder needs, and (4) provide greater
stakeholder satisfaction.

The Service has not been able to fully participate in collaborative meetings; however, we wish to
emphasize that the collaborative process is valuable in that it helps us identify topics of resource

concern, evaluate the usefulness of previous studies and existing data, and develop effective final
study recommendations.

Genera| Comments

The FSCP provides a good overview of project facilities and operations, the surrounding area
affected by the project, and the fish and wildlife resources that occur within the project area.
While most of our major areas of concern are addressed in the document, we note that study
design deficiencies, as studies are described in the study plan, may result in inadequate studies
and inconclusive study results. Ultimately, the data provided from the studies must be sufficient
to satisfy the Service’s needs to make determinations about the protection of general fish and
wildlife resources, federally listed threatened and endangered species, species of concern, and the
Commission’s evidentiary record to support its licensing determination.

The Service’s participation in licensing this project is aimed at representing our: 1) procedural
interests to ensure applicant and agency compliance with the Fish and Wildlife Coordination Act,
Endangered Species Act (ESA), Federal Power Act, National Environmental Policy Act and
other Service legal mandates and authorities, and 2) our substantive mission-related interests; for
example, conservation of fish and wildlife populations and their habitat, restoration of ecosystem
functions, structure and composition, and fulfilling trust responsibilities for anadromous fish,
migratory waterfowl, wetlands, riparian habitat, and threatened and endangered species.

We plan to use an ecosystern approach for evaluating the effects of licensing this hydroelectric
project. Our goal is to protect, maintain and, if necessary, restore the stream reaches within the
Project affected area to a self-sustaining fully functional ecosystem with structure that supports
all life stages of naturally occurring species, recognizing that all physical, chemical and
biological components are interrelated. We will examine the impacts of ongoing project
operations and maintenance, and evaluate potential mitigation and enhancement measures.

The area surrounding and within the project boundaries is comprised of a variety of fish and
wildlife, their habitats, recreational areas, project features and cultural resources. To facilitate
understanding and to address a relatively complex variety of data needs, we divide the ecosystem
into compartments, also known as metrics, and examine measurable compartmental indicators.
General compartments can include but are not limited to: Project operation, water quality,
geomorphology, sediment transport and deposition, historic unimpaired and existing hydrology,
riparian condition, wildlife, fisheries and aquatic health, and total habitat area.
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Specific Comments

Proposed Studies and Methodologies: The following comments are in regard to the study plans
listed in the FSCP. The Service understands that all studies, as proposed, are to be completed in
2003.

Hydrology. Section 6.1.1

The Service’s objective for the hydrologic attribute is to develop an instream flow regime that is
patterned after the unimpaired hydrograph with similar patterns of flow magnitude, duration,
frequency, timing and rates of change. By improving components of the hydrograph currently
impaired by the Projects, we believe the essential ecosystem attributes of the watershed can be
conserved, enhanced, and restored. Therefore, the Service requires “impaired’ and “unimpaired”
hydrologic information to assess the effects of Project developments and operations on the
hydrology in riverine bypass reaches. The effects of tributaries and diversions are important to
the entire project area influencing the flow and temperature regimes in the mainstem. Therefore,
seasonal tributary and canal flows should be measured. The locations of gages where flow data
has been or is to be taken should be displayed on a map to facilitate interpretation. The Service
recommends that the Applicant categorize various water supply years (e.g. wet, normal, dry,
critically dry, etc.) to allow for a more refined incremental approach to water supply allocation,
thus reducing the potential for adverse consequences to aquatic habitat and biota.

Water Quality. Section 6.1.2

Water Quality measurements in the Project reaches, canals, and reservoirs can be used to assess
project impacts on the ecosystem, compliance with the State Water Resources Control Board'’s
(SWRCB) Water Quality Control Plan for the Sacramento River and San Joaquin River Basins
(Basin Plan) criteria and beneficial use identification. These measurements serve as chemical
indicators that assist the Service in accomplishing its goal of making sound biological decisions
that will protect, mitigate, and enhance water quality conditions for fish and wildlife species that
inhabit or utilize waters in Project-affected riverine reaches. Meaningful results depend on
appropriate seasonal timing, location and frequency of data collection. The PG&E has proposed
a one-year water quality study in 2003 under existing release conditions with two samples (once
during winter months and once in the summer months) to be taken at each of six locations in Old
Cow Creck and six locations in South Cow Creek. While winter and summer months may
represent very general differences in flow conditions; as proposed, it is likely that data from this
study will provide little information regarding the chemical patterns (including constituent
maxima and minima) or overall Project effects on water quality in Project-affected riverine
reaches.

The Service recommends the frequency of monitoring be increased to once per month, except for
in critical summer months (July-September) when sampling shouid take place every two weeks,

with the exception of trace metals scans which should be taken monthly. We concur with most of
the specific constituents to be measured, but we also recommend that barium, cadmium, cyanide,
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and silver concentrations be measured (and included in Table 6.1-1 of the FSCP) since specific
maximum concentrations are listed in the SWRCB’s Basin Plan for the Sacramento River. The
specific sampling locations were not clear in the FSCP; therefore, no specific comments can be
made concerning these sites. The Service does expect; however, that sampling locations will be
chosen to best represent the water quality in the entire Project area and the potential impacts of
Project operations and facilities. For example, samples should be taken both immediately
upstream and downstream of dams, tributaries, and powerhouse tailraces.

For in-situ water quality measurements (pH, dissolved oxygen, air and water temperature,
conductivity, and turbidity), a single sample taken in the summer months will not be sufficient.
During the critical summer months (July-September), it is particularly important that water
temperatures, pH and dissoived oxygen (DO) levels do not deviate beyond limits imposed by the
SWRCB’s Basin Plan for cold freshwater habitat. This would require that bi-daily or even
hourly measurements be taken during these critical periods. The hourly recorders proposed for
temperature monitoring in section 6.1.3 are intended to satisfy the need for temperature
monitoring during critical periods; however, the effects of Project developments and operations
on the daily maxima and minima of the remaining aforementioned measurements should also be
assessed during these critical periods. A map indicating the precise locations of all sample sites
in relation to natural and constructed physical features including dams, diversions, powerhouses,
tributaries, etc. will aid the interpretation of the data. The Applicant should consuit with resource
agencies to coordinate more meaningful water quality studies.

Water Temperature. Section 6.1.3

Water temperature is critically important in determining abundance and distribution of aquatic
biota because it greatly affects metabolic and growth rates. It also appreciably affects other water
quality variables, such as dissolved oxygen concentrations, which are biologically significant.
The Service’s objective for water quality is to develop an instream flow regime that provides
water quality conditions at all times of the year that (at minimum) meet SWRCB standards as
prescribed in the Basin Plan. According to the Basin Plan, the Project area is to be managed as
cold freshwater habitat and as both warm and cold freshwater spawning habitat. The Service
believes that ensuring Basin Plan temperature criteria are met is the first step toward
accomplishing its goal of protecting, mitigating, and enhancing fish and wildlife populations that
inhabit or utilize Project-affected waters. The Service requires “impaired” and “unimpaired”
temperature information to assess the effects of Project developments and operations on
temperature regimes in all Project-affected aquatic habitats. Water temperature regimes are
characterized by temperature magnitude, duration, frequency, seasonal timing, daily ranges, and
rate of change. To determine whether Basin Plan criteria are met, the Applicant plans to monitor
water temperatures during the months of July, August, and September in 2003. The Service
maintains that meaningful results depend on appropriate seasonal timing, location and frequency
of data collection. The Service is generally pleased that the Applicant has developed a
temperature monitoring plan. We recommend that temperatures be measured both immediately
upstream and downstream of all dams, powerhouses, and tributaries to better elucidate the
potential effects that Project developments and operations may have on instream temperatures
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and whether water temperatures are within the limits required by the SWRCB’s Basin Plan. The
Service also suggests that temperatures be plotted at a fine scale (e.g. hourly) to aid the
interpretation of the biological significance of these data.

Sediment. Section 6.1.4

The Applicant plans to conduct a qualitative study of the sediment supply and transport
characteristics in the Project-affected riverine reaches. While a qualitative description may be
somewhat informative, quantitative information that is flow-related is the most useful in
developing effective flow recommendations. Therefore, we recommend that sediment supply
and transport be studied quantitatively and that a flow relationship be developed describing the
flows necessary to transport fines, sands, and gravels in riverine reaches. The study should
specifically assess how project developments and operations affect the supply and transport of
sediments in riverine bypass reaches.

Smaller magnitude flood pulse events and freshets, although infrequent, are expected and
important elements of the unimpaired hydrographs of California rivers and streams. The
containment of such pulse flows by dams and diversions are likely to result in changes to micro-
scale in-channel sediment storage dynamics. When changes in storage dynamics are combined
with a decrease in sediment supply (also due to dams), textural changes in stream bed
composition are likely to occur. These changes may adversely affect aquatic species

(e.g. salmonids and macroinvertebrates) that depend on sediments with specific qualities during
various life stages.

Aquatic Habitat Mapping. Section 6.3.1

The Applicant plans to study and map aquatic habitats. The Service generally agrees with the
Applicant’s proposed substrate classifications; however, we recommend that “gravels” (2-64 mm
sediments) be categorized into specific spawning-sized gravels with dimensions and
characteristics suitable for rainbow trout, steelhead, and Chinook salmon spawning (e.g. 0.25-1,
1-3, and 1-4 in. gravels, respectively). This additional classification will facilitate the
interpretation of aquatic habitat data and the development of effective protection, mitigation, and
enhancement (PM&E) measures for salmonid species.

Passage Barrier Identification. Section 6.3.2

The applicant plans to survey and map potential fish passage barners in the riverine bypass
reaches. Along with these data, the Service requests that the applicant provide specific
definitions (and rationale) for “low,” “medium,” and *“high” flows as well as for “partial” and
“complete” barriers to fish passage. As presented in the FSCP, the Applicant’s Passage Barrier
Survey plan is too general for the Service to comment on its sufficiency. For example,
statements such as “size will be evaluated™ are too vague for evaluation. The Applicant should
consult with the National Marine Fisheries Service (NMFS), Service and other appropriate
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resource agencies to develop effective methods of measuring and validating the severity of each
fish passage barrier under a variety of flow conditions.

Instream Flow Study (PHABSIM). Section 6.3.3

The Applicant plans to conduct Instream Flow Incremental Methodology studies within riverine
bypass reaches. IFIM is one analytical tool for making instream flow recommendations. Since
on-site development of habitat suitability curves (HSCs) provides for more accurate predictions,
the Service suggests that the Applicant develop site-specific HSCs for each flow relationship to
be modeled. As presented in the FSCP, IFIM studies are only intended to develop flow-habitat
relationships for fish and macroinvertebrates. Investigation and subsequent integration of
multiple ecosystem attribute relationships can be an extremely useful tool for making sound
biological decisions for complex ecosystems. An integrated instream flow study should not be
limited to flow-fish or flow-macroinvertebrate habitat relationships, but should also assess other
flow-related relationships such as: 1) stage-discharge relationships for riparian inundation and
amphibian breeding area; 2) flow-sediment relationships; 3) flow-temperature relationships; and
4) flow-recreation relationships. In addition, other riverine resources or attributes for which a
flow-based relationship could be developéd and used to make effective instream flow
recommendations should be examined by technical working groups and reported as part of the
instream flow study. This type of integration will assist the resource agencies and other
stakeholders in jointly developing a flow regime that will effectively protect, mitigate, and
enhance the riverine ecosystem and its functions.

Fish Population Studies. Section 6.3.4

The Applicant’s fish sampling methods as proposed in the FSCP are generally acceptable;
however, the Service has some suggestions to improve the usefulness of the acquired data. First,
sampling methods should be standardized so that data can be compared and contrasted between
sample sites. For example, the Applicant should not measure “total length or fork length” for
each fish, but should measure both lengths so the data can easily be compared between sample
sites or a regression can be run to convert fork length measurements to total lengths for analysis.
Also, the Applicant should calculate and analyze the condition factor (an indicator of health) of
each juvenile and older salmonid collected. The FSCP does not specificaily indicate the
locations where fish will be sampled. The Service suggests that fish be sampled in riverine
reaches both immediately above and below dams, tributaries, tailraces, and in the Project canals,
forebays and lakes. The methods used should be standardized (when feasible) so that population
estimates can be compared between sampling sites. For example, snorkel surveys should be
conducted prior to electrofishing in Old Cow Creek and North and South Canyon Creeks so that
comparisons can be made between fish populations in these reaches as well as those where
anadromous salmonids may be present and no electrofishing is to be conducted (e.g. South Cow
Creek). The Service does not concur with the fish subsampling methods as proposed in the
FSCP. First, 10 fish per 25-mm class may be too few to obtain a good representation of the
sample. Instead, 20 fish within each size class would be more informative and the methods of
subsampling should produce a random subsample, representative of the original sample. Also,
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we expect that the total number of fish collected within each size class will be counted and
recorded so that a weighted length-frequency distribution can be developed to characterize the
population structure. The Applicant should also provide a list of all native and non-native
species that may potentially occur in the Project-affected area along with a list of all species
collected and observed during 2003 fish surveys.

As part of the fish population study, the Applicant plans to make “general observations” of
habitat and physical conditions in the sampling stations including water temperature, specific
conductance, DO, substrate type, depth, riparian conditions, and the presence of woody debris
and cover. The Service recommends that the Applicant make “specific observations” that are
quantitative and descriptive so that it can develop site-specific HSCs that will improve the
accuracy of [FIM fish habitat modeling. The Applicant should consult with the Service if it
needs further clarification regarding the information required for the development of effective
site-specific HSCs.

Entrainment. Sections 6.3.5 and 6.3.7.1

The Service intends to exercise its authority to prescribe fish protection facilities (for salmonid
species) pursuant to Section 18 of the Federal Power Act by reserving that authority when the
Application for New License is ready for environmental analysis. Any future decision to invoke
this prescription authority will in part depend on the adequacy of information and analysis
developed during the study period. Section 6.3.5 of the FSCP is designed to help describe the
potential fish entrainment through the Kilarc powerhouse. Section 6.3.7.1 is intended to describe
the efficacy of fish screens that are currently in place on South Cow Creek. We are pleased that
studies are to be conducted and analysis made to determine if there are significant project
impacts on fish populations due to entrainment at the project facilities. The extent of information
needed and final specific study designs should be developed through consultation with resource
agencies.

Project Effect on Macroinvertebrates. Section 6.3.6

One measure of stream health, as an integral part of the riverine ecosystem, is the state of its
macroinvertebrate communities. The Service is pleased that the Applicant plans to evaluate
potential habitat for this metric using the PHABSIM methodology. While flow-habitat models
are useful in developing instream flow requirements, they can only complement other studies
yielding information regarding the distributions and abundances of fish and other aquatic biota.
Also, on-site development of HSCs results in more accurate predictions, especially for benthic
macroinvertebrates since community composition varies from system to system (Gore et al.,
2001). Therefore, the Service recommends that PG&E conduct macroinvertebrate surveys to
determine the composition and abundances of macroinvertebrate communities throughout the
Project-affected area and to develop site-specific macroinvertebrate HSCs. Developing a flow-
biomass relationship for macroinvertebrates may also prove useful for determining the effect
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various flows have on local populations. The details for macroinvertebrate studies should be
determined through coordination and consensus of the Applicant, California Department of Fish
and Game (CDFG), NMFS and the Service.

Sensitive Aquatic Species. Section 6.3.7

The FSCP only indicates fall-run Chinook salmon and steelhead as sensitive aquatic species that
occur in the Project-affected area. The Applicant should also evaluate potential habitat for other
sensitive species that may occur in the Project-affected area, especially spring-run Chinook
salmon. Fish population studies, fish passage barrier studies, and I[FIM studies will aid in the
development of PM&E measures for sensitive aquatic species found in the Project-affected area.
The Applicant should consult with the CDFG, NMFS, and Service concemning any sensitive
aquatic species issues.

Threatened and Endangered Species

The Service has provided guidance to the PG&E during this 1* Stage Consultation process
regarding information and analysis that will be necessary to ensure compliance with the
Endangered Species Act of 1973, as amended, at a meeting held on May 3, 2002 at ENTRIX, Inc.
The Service provided PG&E with a species list. The meeting included the development of
studies and survey protocols for appropriate species of interest to the Service. We also provided
PG&E with additional information since that meeting regarding the threatened northern spotted
owl (Strix occidentalis caurina) and the threatened bald eagle (Haliaeetus leucocephalus).

Wildlife Studies. Section 6.4.
6.4.1 and 6.4.2 Common and special-status wildlife surveys

Bald eagle and peregrine falcon surveys are to be conducted in the immediate project vicinity and
are to be conducted a minimum of two times during the 2003 raptor breeding season. Bald eagle
surveys should be concentrated at areas where the bald eagles have been observed perching in the
past, (near the Kilarc Forebay), and conducted in the early morning hours when bald eagles are
known to be foraging. PG&E should conduct these surveys at a frequency greater than two times
throughout the breeding season. A foraging survey protocol should be provided to the Service
for review.

Targeted special-status wildlife sites are to be determined for each species by habitat evaluations
based on vegetation mapping (Section 6.2.1). The Service requires sufficient information on the
location of suitable habitats for special-status species and the presence of these species in order to
analyze the direct and indirect effects of Project developments and operations, thus facilitating
the development of effective PM&E measures.

Some of the wildlife studies proposed in the FSCP for the targeted special-status species are
fairly general in description, such as for the California spotted owl, willow flycatcher, California
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thrasher, ring-tail cat, and several species of bats. Further descriptions of survey methods, along
with the frequency and timing of surveys, should be made clear so the proposed study plans can
be assessed prior to their inception. Additionally, the Pacific fisher should be added to this list.

6.4.5 Valley Elderberry Longhorn Beetle

At the May 3, 2002 meeting held at ENTRIX, Inc. with PG&E, it was agreed that elderberry
(Sambucus spp) surveys would be conducted in conjunction with the special-status plant species
surveys. It was also agreed that surveys would occur within 100 feet of project facilities and
where maintenance activitics occur, and 25 feet elsewhere, including the diverted reaches.

If you have any questions regarding our comments on threatened and endangered species please
contact Kathy Brown at (916) 414-6600. For other general fish and wildlife issues, please
contact Deborah Giglio at (916) 414-6600.

Sincerely,

/Nz Fhker™

David L. Harlow
Acting Field Supervisor

Enclosure

cc:
Service List



Unofficial FERC-Generated PDF of 20030203-0059 Received by FERC OSEC 01/31/2003 in Docket#: P-606-000

Literature Cited

Gore, J. A., J. B. Layzer and J. Mead. 2001. Macroinvertebrate instream flow studies after 20

years: a roie in stream management and restoration. Regul. Rivers: Res. Mgmt. 17: 527-
542.



Unofficial FERC-Generated PDF of 20030203-0059 Received by FERC OSEC 01/31/2003 in Docket#: P-606-000

JAMES D. ABERCROMBIE GEN. MANAGER

Amador Water Agency
12800 Ridge Rd
Sutter Creek, CA 95685-9630

Dan Smith Director

Association of California Water Agencies
910 K St Ste 100

Sacramento, CA 95814-3577

Sidney Mannheim Jubien Senior Staff Counsel
California Electricity Oversight Board

770 L St Ste 1250

Sacramento, CA 95814-3363

Charlton H. Bonham Hydropower Coordinator
Trout Unlimited

SUITE 208

828 San Pablo Ave

Albany, CA 94706-1678

Sean H. Gallagher Staff Attorney
California Public Utilities Commission
505 Van Ness Ave Rm 5035

San Francisco, CA 94102-3214

Mark L. Perlis Esquire

Dickstein Shapiro Morin & Oshinsky LLP
2101 LStNW

Washington, DC 20037-1594

Steve R Lavigne

Duke Energy Trading & Marketing, LLC
4 Triad Ctr Ste 1000

Salt Lake City, UT 84180-1410

Joshua M Horowitz Assistant General Counsel
Bartkiewicz, Kronick & Shanahan

1011 22nd St

Sacramento, CA 95816-4907

Bruno Jeider Sr. Electrical Engineer
Burbank Public Service Department, City
164 W Magnolia Blvd

Burbank, CA 91502-1720

Orlando B Foote

Horton, Knox, Carter & Foote
895 Broadway St Ste 101

El Centro, CA 92243-2341

Richard Roos-Collins Attomey at Law Natural Heritage Institute
2140 Shattuck Avenue, 5th Floor

Berkeley, CA 94704-1222

Margaret ] Kim

California Resources Agency
1416 9th St Ste 1311
Sacramento, CA 95814-5509

JoAnn Russell VP and Gen. Coun
Duke Energy Trading & Marketing, LLC
5400 Westheimer Ct

Houston, TX 77056-5310

TAMARA C FALOR Esquire
Humboldt, County of

825 5th St

Eureka, CA 95501-1153



Unofficial FERC-Generated PDF of 20030203-0059 Received by FERC OSEC 01/31/2003 in Docket#:

John Steffen Manager
Imperial Irrigation District
333 E Barioni Blvd
Impenal, CA 92251-1773

Robert Pettinato

Los Angeles Department of Water & Power
PO Box 51111

Los Angeles, CA 90051-5700

Diana Mahmud Deputy Gen. Counsel
Metropolitan Water Dist. of Southern CA
PO Box 54153

Los Angeles, CA 90054-0153

Ernest Hahn Senior Resource Specialist
Metropolitan Water Dist. of Southern CA
PO Box 54153

Los Angeles, CA 90054-0153

James P Chatigny General Manager
Nevada Irrigation District

PO Box 1019

Grass Valley, CA 95945-1019

JEFFREY A. MEITH

Meith, Soares & Sexton, LLP
PO Box 1679

Oroville, CA 95965-1679

Karl W Meyer

Northern California Power Agency
180 Cirby Way

Roseville, CA 95678-6420

John A. Whittaker, IV
Winston & Strawn

1400 L St NW

Washington, DC 20005-3509

Norman A Pedersen

HANNA & MORTON

444 S Flower St Ste 1500
Los Angeles, CA 90071-2916

Wallace L. Duncan Esquire

Duncan, Weinberg, Genzer & Pembroke, P.C
1615 M St NW Ste 800

Washington, DC 20036-3213

Gregory Pohl
Modesto Irrigation District
PO Box 4060
Modesto, CA 95352-4060

LES NICHOLSON Hydro Manager
Nevada Irrigation District

28311 Secret Town Rd

Colfax, CA 95713-9473

Deanna R Harwood Attomney
NOAA, General Counsel Southwest
501 W. Ocean Boulevard, Suite 4470
Long Beach, CA 90802-4213

George Fraser General Manager
Northern California Power Agency
180 Cirby Way

Roseville, CA 95678-6420

P-606-000



Robert C McDiammid Esquire
Spiegel & McDiarmid

1333 New Hampshire Ave NW
Washington, DC 20036-1511

Michael Glaze General Manager

" Oroville-Wyandotte Irrigation District
PO Box 581

Oroville, CA 95965-0581

WILLIAM V. MANHEIM
Pacific Gas & Electric Company
PO Box 7442

San Francisco, CA 94120-7442
Annette Faraglia

Randal S. Livingston Lead Director
Pacific Gas and Electric Company
PO Box 770000

San Francisco, CA 94177-0001

JOHN SANDHOFNER SUPT.
Pacific Gas and Electric Company
SHASTA HYDRO

20818 Black Ranch Rd

Burney, CA 96013-9639

Michael W. Neville Deputy Attorney Gen.

People of the State of California Ex Rel
SUITE 11000

455 Golden Gate Ave

San Francisco, CA 94102-3660

Lon W House Ph.D. Energy Advisor
Regional Council of Rural Counties
4901 Flying CRd

Cameron Park, CA 95682-9615

Unofficial FERC-Generated PDF of 20030203-0059 Received by FERC OSEC 01/31/2003 in Docket#:

Steven G Lins Assistant City Attorney
Office of the City Attomey

613 E Broadway Ste 220

Glendale, CA 91206-4308

JEFFREY A. MEITH

Meith, Soares & Sexton, LLP
PO Box 1679

Oroville, CA 95965-1679

Pacific Gas and Electric Company
PO Box 7442
San Francisco, CA 94120-7442

THOMAS A. JEREB DIRECTOR
Pacific Gas and Electric Company
PO Box 770000

San Francisco, CA 94177-0001

Eric Klinkner Director

Pasadena Dept. of Water & Power
150 Los Robles Avenue, Suite 200
Pasadena, CA 91101-2437

David Arthur

Redding Electric Utility
760 Parkview Ave
Redding , CA 96001-3318

Kurt W Bilas

Reliant Energy Power Generation, Inc.
Suite 620

801 Pennsylvania Ave NW
Washington, DC 20004-2615

P-606-000



Kirby Bosley Manager

Reliant Energy Wholesale Group
1050 17th St

Suite 1450

Denver, CO 80265-1050

Kurt W Bilas

Reliant Resources, Inc.

Suite 620

801 Pennsylvania Ave NW
Washington, DC 20004-2615

Michael Pretto

Silicon Valley Power

1500 Warburton Ave

Santa Clara, CA 95050-3713

JEFFREY A. MEITH

Meith, Soares & Sexton, LLP
PO Box 1679

Oroville, CA 95965-1679

Catherine M Giovannoni
Steptoe & Johnson LLP

1330 Connecticut Ave NW
Washington, DC 20036-1704

Michael T Brommer
Turlock Imgation District
333 E Canal Dr

Turlock, CA 95380-3946

Steven M Kramer Esquire

Milbank, Tweed, Hadley & McCoy LLP
1825 1 St NW Ste 1100

Washington, DC 20006-5417

Unofficial FERC-Generated PDF of 20030203-0059 Received by FERC OSEC 01/31/2003 in Docket#: P-606-000

Michael L Jines VP and General Counsel
Reliant Energy Power Generation, Inc.

PO Box 61867

Houston, TX 77208-1867

Raymond C Camacho
Silicon Valley Power

1500 Warburton Ave

Santa Clara, CA 95050-3713

ROBERT ISAAC GEN. MANAGER
Solano Irrigation District

508 Elmira Rd

Vacaville, CA 95687-4931

Michael D Mackness

Southern California Edison Company
2244 Walnut Grove Ave

Rosemead, CA 91770-3714

STEVE FELTE GEN. MANAGER
Tri-Dam Project

PO Box 1158

Pinecrest, CA 95364-0158

Edwin F Feo

Milbank, Tweed, Hadley & McCoy LLP
601 S Figueroa St F1 30

Los Angeles, CA 90017-5704

Enica Niebauer

US Department of the Interior
Office of the Regional Solicitor
2800 Cottage Way Ste E1712
Sacramento, CA 95825-1863



Unofficial FERC-Generated PDF of 20030203-0059 Received by FERC OSEC 01/31/2003 in Docket#:

Ferc Coordinator

US Department of the Interior
8550 23rd Steet

Sacramento, CA 95826

Field Supervisor

US Department of the Interior
2800 Cottage Way Ste W2605
Sacramento, CA 95825-1888

Kaylee A Allen

US Department of the Interior
Office of the Regional Solicitor
2800 Cottage Way Ste E1712
Sacramento, CA 95825-1863

John C Bezdek Ofc of the Solicitor
US Department of the Interior
Division of Land and Water

1849 CStN. W., MS 6412
Washington, DC 20240-0001

Gloria D. Smith

US Department of the Interior
OFFICE OF THE SOLICITOR

1849 C St NW
MS 6456
Washington, DC 20240-0000

Christopher Watson Agency Counsel

US Department of the Interior

Division of Indian Affairs - MS 6456-MIB
1849 C St NW

Washington, DC 20240-0001

Roger Pelote

Williams Companies

12736 Califa St

Valley Village, CA 91607-1011

Regional Environ. Officer
US Department of the Interior
1111 Jackson St Ofc 520
Oakland, CA 94607-4807

Kerry O'Hara

US Department of the Interior
2800 Cottage Way Ste E1712
Sacramento, CA 95825-1863

Martin Bauer

US Department of the Interior
Bureau Of Reclamation

2800 Cottage Way,
Sacramento, CA 95825

Harry Williamson N.CA Hydro Coordinator
US Department of the Interior

2800 Cottage Way, W-1834

Sacramento, CA 95825

Regional Director Pacific Region
US Department of the Interior
2800 Cottage Way Ste W2820
Sacramento, CA 95825-1886

Alex A, Goldberg MD 41-3
Williams Companies, The
PO Box 2400

Tulsa, OK 74102-2400

Curtis Aikens General Manager
Yuba County Water Agency
1402 D St

Marysville, CA 95901-4226

P-606-000



Unofficial FERC-Generated PDF of 20030203-0059 Received by FERC OSEC 01/31/2003 in Docket#: P-606-000

Joshua M Horowitz Assistant General Counsel
Bartkiewicz, Kronick & Shanahan

1011 22nd St

Sacramento, CA 95816-4907



Unofficial FERC-Generated PDF of 20030203-0059 Received by FERC OSEC 01/31/2003 in Docket#: P-606-000

PROOF OF SERVICE
PACIFIC GAS AND ELECTRIC COMPANY
Project No. 606

KILARC-COW HYDROELECTRIC PROJECT

[ hereby certify that I have this day served by regular mail, the foregoing letter, Subject: Kilarc-Cow
Hydroelectric Project, FERC No. 606, Shasta County, California - Comments on the First Stage
Consultation Package to each person designated on the official FERC Service list.

Dated at Sacramento Fish and Wildlife Office, Sacramento, CA this 30® of January, 2003.

Ao 9 Str

Hee Ja Seto
Office Assistant



Unofficial FERC-Generated PDF of 20030203-0059 Received by FERC OSEC 01/31/2003 in Docket#: P-606-000

r

REGULATED RIVERS: RESEARCH & MANAGEMENT
Regul. Rivers: Res. Mgmt, 17: 527-542 (2001)
gy DOl lO.lm!rrr.ﬁSO

MACROINVERTEBRATE INSTREAM FLOW STUDIES AFTER 20
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od : ABSTRACT

! Over the past two decades of refinement and application of instream flow evaluations, we bave examined the
e . hydraulic habitat of aquatic macroinvertebrates in a variety of conditions, along with the role of these macroinverte-

. brates in sustaining ecosystem integrity. Instream flow analyses assume that predictable changes in channel flow
lel. ' charactenistics can, in tum, be used to predict the change in the density or distribution of lotic species or, more

appropniately, the availability of useable habitat for those species. Five major hydraulic conditions most affect the
distribution and ecological success of lotic biota: suspended load, bedload movement, and water column effects, such

cal as turbulence, velocity profile, and substratum interactions (near-bed hydraulics). The interactions of these hydraulic
’ conditions upon the morphology and behavior of the individual organisms govern the distribution of aquatic biota.

ae 1 Historically, management decisions employing the Physical Habitat Simulation (PHABSIM) have focused upon
prediction of available habitat for life stages of target fish species. Regulatory agencies have rarely included

S J evaluation of benthos for flow reservations. Although ‘taxonomic discomfort’ may be cited for the reluctant use or

' creation of benthic criteria, we suggest that a basic misunderstanding of the links between benthic macroinvertebrate

e and the fish communities is still a problem. This is derived from the lack of a perceived ‘value’ that can be assigned
to macroinvertebrate species. With the exception of endangered mussel species (for which PHABSIM apalysis is

the ' probably inappropriate), this is understandable. However, it appears that there is a greater ability to predict

macroinvertebrate distribution (that is, a response 10 the change in habitat quality or location) and diversity without

ted : compiex population models. Also, habitat suitability criteria for water quality indicator taxa (Ephemeroptera,
! Plecoptera, and Trichoptera; the so-called ‘EPTs’) may also provide additional management options to stream
rch ' regulators. The greatest application for macroinvertebrate criteria will be in low-order streams where a more
] immediate link to fish communities can be established. We present an example from Queens Creek, in North
ws: . Carolina, USA, in which monthly allocations required to preserve the integrity of the benthic macroinvertebrate
community were sig:niﬁcantly higher than for the target benthic fish species, Cottus bairdi, In the months when both

rial »

Cottus and commumty diversity of macroinvertebrates were the ‘bottleneck’ life stages, preservation of only fish
specics could result in an additional 5-25% loss in macroinvertebrate habitat. We suggest that, as there becomes an
increased emphans oo maintaining macroinvertebrates as monitors of stream health, there will be a concurrent
emphasis on incorporating hydraulic habitat conditions as a part of bioassessment. Copyright © 2001 John Wiley &
Sons, Ltd.

KEY WORDS: IFIM; instream flow analysis, macroinvertebrate community diversity; muascls, PHABSIM
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INTRODUCTION

Among the body of techniques used to evaluate minimum flows and to make flow recommendations for
stream managers, the Instream Flow Incremental Methodology (IFIM) (Stalnaker et al., 1995), along with
the software associated with the technique (most notably, the Physical Habitat Simulation, PHABSIM)
(Milbous et al., 1984), has received the greatest attention from regulatory agencies around the world. In
its original form, the ease of calibration of the one-dimensional flow model combined with relatively

e e —— ¢
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simple habitat characteristics of target fish has made its application appealing in a vanety of water
resource management conflicts. Being originally designed to address problems related to minimum or
optimal flows for various life stages of salmonid species in rivers dominated by snowmelt hydrographs in
the western United States, in general, other state agencies continued to apply the technique by addressing
the flow requirements to maintain critical game species. Only recently has it been demonstrated that the
single target-specics approach is probably not appropriate to many river and stream ecosystems. For
example, in the southeastern United States, warmwater rivers host among the most species-rich temperate
freshwater fish assemblages in the world (Freeman, 1998). This high richness presents a number of
: challenges to choose appropriate targets for management and the development and evaluation of
N ,_l,: habitat-use guilds have often replaced the single-species approach (Freeman, 1998; Leonard and Orth,
g 1988). As an alternative, some regulatory agencies have chosen to evaluate several individual species, each
being representative of specific habitat types. Quite often, a species of darter (Etheostoma or Percing,
N family Percidae) or sculpin [bullhead] (Cortus, family Cottidae) is evaluated to represent fast-riffle species.
'y The assumption has been made that the maintenance of habitat for these riffle-feeders will certainly
- iy support the food base, those benthic macroinvertebrates species dwelling in the riffles. This assumption
relieves regulatory agencies and system modelers of the task of creating habitat suitability criteria for a
myriad of benthic species, not to mention the concurrent difficulties in collecting and identifying the
various species dwelling in that lotic system. Over the past two decades of refinement and application of
instream flow evaluations, we have examined the hydraulic habitat of aquatic macroinvertebrates in a
variety of conditions, along with the role of these macroinvertebrates in sustaining ecosystem integrity.
We suggest that evaluation of benthic fish species may not be an appropriate surrogate for aquatic
, macroinvertebrates. Macroinvertebrates are, effectively, food for fish. But, it remains very difficult to
i demonstrate that invertebrate density can influence fish growth and populations dynamics. Few studies
= (e.g. Mundie, 1974) have atternpted to directly link macroinvertebrate and fish production. However, with
- the critical role of aquatic invertebrates in the processing of nutrients and organic energy in any running
L water ecosystermn (see, for example, Cummins, 1996} and the increased emphasis on multiple-species
. conservation and management in all ecosystems (Pearson, 2000; Redak, 2000), it is becoming increasingly
B necessary to evaluate maintenance of macroinvertebrate communities in both regulated flow conflicts and
S : in planning the restoration or preservation of critical habitat areas. Our examination of the appropriate
R use of macroinvertebrate habitat criteria in regulated stream management and restoration is the subject of
this paper.
A Although the instream flow requirements for benthic macroinvertebrates received equal attention
during the development of IFIM, perceived difficulties in collection (large sample size), taxonomic
X identification, habitat suitability curve generation, as well as inability to assign ‘benefit’ to the mainte-
i nance of benthic communities have led most regulatory agencies to conclude that enough flow for target
il fish species (and their individual life stages) was also sufficient for benthic species, as a source of food.
A Even with increased emphasis on more comprehensive evaluation of lotic biota, there is a certain amount
x

ot Rt el
) AL s

Y et

IfH of controversy regarding the amount of effort required and/or the need for accuracy in the development
g of habitat models. When benthic macroinvertebrate evaluations are required, it is often left to the best
L iTe judgement of the stream manager to decide the appropriate taxonomic level for management target.
. However, unless the target macroinvertebrate is listed as an endangered or threatened species under the

¥, Endangered Species Act of 1973, the larger question asked by the applicant to the regulatory agency is,
. ‘Are aquatic macroinvertebrate studies necessary?’

‘. 3 NEAR-SUBSTRATE CONDITIONS

The interaction of depth and velocity with the substrate profile is of critical importance to the range of
potential microhabitats availabie to benthic macroinvertebrates (Statzner er al., 1988). When these simple
characteristics are combined with such criteria as kinematic viscosity, density of the water, and power
slope, such conditions as Froude number, shear velocity, thickness of the viscous sublayer and shear stres$

Copyright © 2001 John Wiley & Sons, Ltd. Regul. Rivers: Res. Mgmi. 17: 527-542 (2001) .




Unofficial FERC-Generated PDF of 20030203-0059 Received by FERC OSEC 01/31/2003 in Docket#: P-606-000

{ MACROINVERTEBRATE INSTREAM FLOW STUDIES AFTER 20 YEARS 529

' have been shown to be able to predict the distribution and, in some cases, the density of macroinverte-

or : brates in a stream reach (Gore, 1996, provides a summary of these studies). Although studies of flow in
in ‘ flumes have indicated the existence of a non-moving boundary layer (up to 2 mm in thickness) (Nowell
18 ' and Jumars, 1984) and lotic scientists have indicated that morphological and behavioral adaptations are
he directed towards existence within this boundary layer (Hynes, 1970), recent investigations have determined
or that very few benthic macroinvertebrates are sufficiently streamlined to take advantage of this boundary
e layer (Statzner, 1987). Indeed, a true boundary layer condition rarely exists under natural flow conditions
of because of the complex profile of the substrate. Thus, aquatic organisms are restricted to those
of ' combinations of velocity, depth, and substrate that allow morphological and/or behavioral resistance to
h, flow to be exceeded by energetic gains.
ch , Any hydrological change that leads to increases in shear velocities or shear stress or reduction in the
a, thickness of the viscous sublayer will reduce the availability of adequate microhabitats to some species
5. ; while increasing habitat availability for others. Since the abundance of various species will change with
iy . changes in physical habitat location and accessibility, in turn, community functioning and food-web
on : dynamics may be changed to the extent that some species will be locally eliminated from the community.
"a Near-substratum conditions are further changed with changes in substrate composition or distribution
he : stnce increased hydraulic roughness increases the rate of sediment deposition (Harvey and Watson, 1986),
of in turn, altering community composition through elimination of some species (increased predation
a success) (Brusven and Rose, 1981) or elimination of some or all primary production (Brusven and
ty. Prather, 1974).
tic ;
to i
ies f THE ‘VALUE' OF MACROINVERTEBRATES
ith . . . . .
ng : Aquatic macromvcr.tebratcs ‘occupy a unique compartment within the structure of lotic ecosystem. As
ies _ processors of organic material {either allochthonous or authochthonous), the invertebrates serve as the
sy i critical link to the fish community as food for game and forage fish, Gore (1977, 1978) showed that many
nd f macroinvertebrate species have a narrow range of tolerances to changes in discharge. Being less mobile
ite than fish, most macroinvertebrates lack the ability to return to a previously inhabited area. Thus, under
of ‘ fluctuating flows, patches of slowly recolonizing habitat support a different community structure and very
' different densities of benthic species (Gore and Milner, 1990). IFIM predictions have demonstrated that
on a small-percentage loss of fish habitat may not necessarily result in a comparable loss of macroinverte-
aic brate habitat, whose losses may be two- or three-fold greater (Gore, 1989). However, it is has been rare
te- over the past two decades that macroinvertebrate habitat considerations have been made. This decline in
zet : the food base and/or community structure has the potential of leading to further degradation of the target

3 . fish species for management, as well as less efficient energy processing throughout the ecosystem. It is
) ‘ irportant, then, that prediction of changes in macroinvertebrate habitat be considered in conjunction

t . . . . .
igt with analysis of instream flow requirements for target fish species. This requires the assessment of the
;st distribution of benthic species, construction of models of habitat suitability, and application of the models
to appropriate hydrologic/habitat management models of that regulated stream or river. One of the most

‘he common assessment and management tools has been IFIM, and its associated software, PHABSIM
(Stalnaker et al., 1995; Bovee et al., 1998).

is,
MACROINVERTEBRATE HABITAT SUITABILITY CURVES

In addition to hydrological and hydraulic calibration data, PHABSIM requires information on the
: suitability of (or preference for) velocity, depth, and substrate criteria of target species for management.
of ' Although evaluation of macroinvertebrates is not common in the United States, previously published
ple : (‘catalog’) criteria have been used in limited application (see, for example, Bovee, 1985). However, on-site
ver . development of habitat suitability information yields the most accurate predictions (Bovee, 1986; Gore,
€ss 1987). This is especially important for benthic macroinvertebrates since community composition varies

nn ' Copyright © 2001 John Wiley & Sons, Ltd. Regul. Rivers: Res. Mgmy. 17 527-542 (2001)
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from system to system. Niche characteristics will change as a result of changes in predation, competitive
interactions, habitat location, and availability, as well as food resources. Habitat criteria, as mimics of
niche dimensions (Hutchinson, 1959), will likely change with changes in species composition or composi-
tion of functional groups in the community in any given lotic ecosystem.

Gore and Judy (1981) have developed a technique for describing macroinvertebrate suitability curves
for PHABSIM application. This curve development relies upon standard techniques for benthic macro-
invertebrate sampling. Using a circular bottom sampler (Waters and Knapp, 1961), Surber sampler
18 (Surber, 1937), or other area-defining samplers, measurements of depth, mean water column velocity, and
substrate characteristics are recorded for a series of samples (we suggest between 25 and 50 samples) taken
at random along transects across a ‘typical’ stream reach. In most cases, riffle samples are used since these
organisms are the most likely to be impacted by decreased fNows (usually the management alternative

i being examined). Stratification of the sampling scheme, based upon proportions of substrate type, appears
to reduce the number of samples required to produce accurate suitability curves (Statzner er al., 1988).
i Suitability curves are derived from a fit of a third- or fourth-order polynomial to a plot of cumulative

mean number of individuals of a taxon per sample as a function of an arbitrarily chosen increment of
cach physical habitat parameter. As an altemative, cumulative mean sample diversity per habitat
5 parameter can be plotted. Any of these plots results in 2 sigmoid curve-fit. The polynomial should be fit
x only over the range of physical habitat values measured.

J A primary derivative of the fit polynomial (when normalized to a maximum value of 1.0; as greatest

. suitability) will provide a suitability curve applicable to the habitat simulation routines contained within
43 PHABSIM. In the case of a plot of diversity values, this curve indicates habitat conditions that provide
for maximum community diversity.

' Since the initial polynomials are fit to plots of mean number of individuals per habitat increment,

variance around each mean is implicit within the model. Orth and Maughan (1983) suggested log
transformation of the raw data to minimize these variances prior to construction of the suitability curves.
In some cases, log transformation has a tendency to skew the peak of the derived suitability curve toward
the lower end of the physical parameter range.

RECENT APPLICATIONS OF PHABSIM FOR MACROINVERTEBRATES

i In the United States, some regulatory agencies, most notably in the state of North Carolina, have begun
1o include macroinvertebrate habitat evaluations as a component of minimum flow evaluations. These
evaluations have been made in recommendations for release schedules for hydropower facilities as part of
re-licensing efforts with the Federa! Energy Regulatory Commission and for allocating water abstraction
P rates for various municipalities. Most often, a suite of macroinvertebrate criteria has been used in the
i evaluations. No species-specific curves have been employed. Instead, more generic curves for the 'EPT
fauna’ [Ephemeroptera, Plecoptera, and Trichoptera] (Figures 1-3) have been evaluated, since many
bioassessment metrics depend upon the richness of these orders when evaluating water quality (Barbour
et al., 1999). We have derived the EPT curves from a series of benthic samples (approximately 1200
individual samples with a minimum of 50 samples per location) taken over the past 10 years across a
range of streams and nvers in the southeastern United States. In addition, representative criteria for
benthic community diversity in high gradient or low gradient streams (the break point being arbitrarily
chosen as a gradient of 0.005), as appropriate, have been concurrently evaluated. These curves have been
derived from individual samples collated over the past two decades and represent some 2500 samples
, collected since 1974 in streams in the western, northeastern, and southeastern United States (Figures 4-6).
3 The curves for velocity and depth were derived as the first-order differential of exponential polynomials
fit to cumulative mean number of individuals (or mean sample diversity [measured as Shannon'’s
diversity]) per increment of physical parameter, as described by Gore and Judy (1981). Substrate
! histograms were plotted as the mean number of individuals of that order (or mean sample diversity) per
substrate category and normalized to one, as described by Bovee (1986).

Copyright © 2001 John Wiley & Sons, Ltd. Regul, Rivers: Res. Mgmt. L7: 527-542 (2001)
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Figure 1. Velocity preference curves for EPT, based upon a pool of 1200 samples

&-Smce we wanted to create a genmeric set of suitability curves, we chose to simulate a number of
Jamples adequate to develop habitat suitability criteria. Statzner et al. (1988, 1998) have shown that,
value ranges between 25 and 75 samples. Thus, we chose to draw, at random, 50 samples from
e pool of available samples. For each set of 50 samples, habitat suitability curves were created
gprding to the methods of Gore and Judy (1981). This was repeated, as a Monte Carlo simulation,
until the variance around the mean value for each increment of depth, velocity, and substrate re-
mained stable. The generic curve was fit to the mean values for each increment of physical habitat
ndition, When this scheme was repeated more than 100 times, the curves were not significantly
different from curves derived from all samples as a single pool. Thus, the curves presented (Figures
,&-:.,6) are, in effect, the mean preference curve based on all samples.
%E’lgum 7 and 8 are from a scries of evaluations of flow releases from Queens Creek in North
rolina. The recommended releases are based upon a time-series evaluation of 49 years of record,
performed once with the mottied sculpin (Cortus bairdi), as a representative of the riffle fauna, and
several other fish species and performed, again, with macroinvertebrate community diversity (high-
-%ﬁent stream) and the same suite of fish species. With the exception of those times of the month
'when critical habitat conditions are required for the spawning of rainbow trout (Oncorhynchus
{’,'?FSJ). the true bottleneck is represented by adequate flows to maintain benthic diversity. That is,
when using the mottled sculpin, alone, adequate habitat for macroinvertebrates is underestimated by
. b“_,‘"m 5 and 15%. These results underscore the need to include macroinvertebrate community struc-
I tire as a component of instream analysis in order to avoid the potential of providing inadequate

habmu for secondary producers in the stream ecosystem.
Regul. Rivers: Res. Mgmy. 17: 527-542 (2001)
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Figure 2. Depth preference curves for EPT, based upon a pool of 1200 samples

As discussed earlier in this paper, there are concerns about applying IFIM to assess the effect of
flow modifications on southeastern streams of the United States, because of the high richness of fish
species and limited knowledge of habitat requirements. Bowen et al. (1998) investigated the use of
generalized habitat metrics, rather than species specific, as one potential approach to this dilemma.
Parameters for five key habitat types were selected and IFIM site models were developed at seven
locations along the Tallapoosa River in Alabama. Stream flow records for this river encompass both
unregulated ‘natural’ flows and regulated flows foliowing dam construction. Fish assemblage data- for
Cyprinidae, Centrarchidae, Catostomidae, and Percidac were also collected. Statistical analysis found
correlations between the abundance of different fish groups and the median availability, as well as
persistence, of each of the five habitat types. Adaptations of this approach are also planned for
hydropower re-licensing studies at several locations in western North Carolina,

The use of generalized habitat criteria to augment species specific analysis is a promising develop-
ment in the application of IFIM to stream management. It reduces the reliance on site and/or species
specific habitat preferences that may include flawed assumptions. The apalysis of persistence (in hours)
and availability of key habitat conditions may also make this approach especially useful in evaluating
the effects of rapidly fluctuating flows downstream of peaking hydroelectric projects. The application
of the approach described by Bowen et al. (1998) could also be explored for its applicability to
benthic macroinvertebrates. In fact, employing the low gradient or high gradient benthic community
diversity suitability curves we have developed may approximate the use of generalized habitat metrics.
Bowen er al. (1998) focused on spring and summer mounths as those critical for fish spawning. Benthos
should be evaluated over the gntire year because of their general lack of mobility, compared with fish.

Copyright © 2001 John Wiley & Sons, Ltd. Regul. Rivers: Res. Mgmu, 17. 527-542 (2001}
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Figure 3. Substrate preferences for EPT, based a pool of 1200 samples

Another factor receiving increased attention in stream flow management is the potential for stream flow

it of changes to alter substrate and channel morphology. A great deal of attention has been focused on
fish minimum flows, but the elimination of occasional high flow events to flush accumulated sediment and
e of maintain suitable substrate conditions can have long-term adverse consequences for habitat. This is
ama. especially true for benthic organisms. Richter et al. (1996) have developed a technique to assess this
even impact referred to 2s IHA —Indicators of Hydrologic Alteration.

b‘;lh The use of species specific IFIM analysis remains a useful and widely accepted approach to making
1 for

stream flow management decisions. However, it can be greatly augmented by including benthic macro-
sund invertebrate species, generalized habitat metrics, and indicators of hydrologic alteration to examine the

I as full range of species, habitat conditions, and flow events. The application of generic curves does have
for advantages and limitations. The application of generic curves is certainly more cost-effective, especially
when it is necessary to make a rapid decision on regulated river issues, and offers stream managers the
slop- chance to compare decisions and predictions across catchments and regions. However, these curves must
ecies 1 be tempered with best professional judgement and, at times, altered (through a Delphi approach; Bovee,
wrs) ; 1986) to fit known hydrological and physical conditions. When mussel species are involved, it cannot be
ing demonstrated that the generic macroinvertebrate curves will adequately protect mussel species. Although
ition Milhous (1991) has used HABEF, a subroutine in PHABSIM, to assess habitat availability for organisms
y to with limited mobility, we suggest that the initial development of the suitability criteria remains problem-
1nity [ atic. Nevertheless, for most applications, where budgets limit the ability to gather field data and generate
TiCS. onsite curves, the generic curves appear to be the next best approximation of changes in habitat for
thos benthos as a result of changing flow regimes. Since they represent a summary of preferences observed at
fish.

many different sites, for comparative purposes, they may be more usefu! than site-specific criteria.

200) Copyright © 2001 John Wiley & Sons, Ltd. Regul, Rivers: Res. Mgmt. 17: 527542 (2001)
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Figure 4. Velocity preferences for Macroinvertebrate Community Diversity in wadeable streams of different gradients, based upon
a pool of 2500 samples

Although not a primary use of PHABSIM, the model is sufTiciently robust to also allow application of
the model in the evaluation of physical restoration of disturbed stream ecosystems. Gore {1985) suggested
that such models might be used to evaluate the placement of structures in unregulated streams. More
recently a number of attempts have been made to evaluate restoration efforts using PHABSIM.
Subroutines within PHABSIM can be used to evaluate restoration design by changing cross-sectional
information (channel geometry, substrate, velocities, etc.) to mimic proposed changes caused by placement
of restoration structures. Wegner (1980) used this approach to evaluate the impact of excavation of pools,
placement of weirs, and boulders on the Uinta River, but was unable to verify the results. Shuler and
Nehring (1993) demonstrated that brown trout (Salmo trutta) habitat availability (as weighted usable
area, WUA) and trout density were positively correlated over 3 years of study of restoration structures on
the Rio Grande River. In these and other cases, the primary restoration effort has been focused upon
recreating suitable target fish habitat.

The focus of within-channel restoration is the placement and construction of instream habitat structures
to enhance the capture of organic detritus, promote the growth of periphyton or biofilm, as well as,
improving the rate of colonization by macroinvertebrate and fish species (Gore, 1985). Structural design
is based upon the assumption that these habitat requirements can be controlled through design of
structures that produce preferred physical and chemical conditions as related to flow conditions. When
emplacing structures that alter velocity, depth, and substrate composition, restoration scientists are
assuming that hydraulic conditions are one of the primary templates that govern the distribution of lotic
organisms (Brookes et al., 1996). For benthic macroinvertebrates, substrate composition is the most easily
manipulated habitat characteristic. The most common structures for fish habitat enhancement have been
current deflectors, overpour structures (dams and weirs), bank cover, and boulder placements. These

Copyright © 2001 John Wiley & Sons, Ltd.
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Figure 5. Depth preferences for Macroinvertcbrate Community Diversity in wadeable stregms of different gradients, based upon a
pool of 2500 samples

' instream structures also modify local hydraulic conditions to present preferred habitat to benthic
invertebrates. PHABSIM has been used to evaluate stream enhancement activities with an emphasis on
macroinvertebrate restoration. The placement of a series of three-log weirs on Brushy Branch, a second
order stream in Tennessee, demonstrated that benthic macroinvertebrate habitat can be dramaticaily
increased at low flows (up to five times higher) after placement of structures which improve hydraulic
'9ondilions to sustain maximum diversity of the benthic community (Gore and Hamilton, 1996). Just as
in the case of predictions based upon numbers of individuals of a species, we assume that an increase in
. the quality of a habitat cell will result in an increase in diversity in that cell. It remains difficult to directly

predict that response to increase in habitat quality. However, in a separate study, Gore et al. (1998)
.demonstrated that artificial riffles placed in Holly Fork, a tributary of the West Sandy River, in west
Tcnnessce, enhanced macroinvertebrate diversity. That is, macroinvertebrate diversity increased with
" increases in habitat quality in each cell examined over a range of discharges. Indeed, PHABSIM was abie
- 10 successfully predict the location of best habitat cells across the riffle at those discharges. The location
°f the optimal habitat changed from the head to the toe and back to the head of the riffle as discharge
Increased. Hydraulic habitat models, then, especially PHABSIM, can be a useful tool to evaluate the

benefit of certain restoration activities, In low-order streams, evaluation of benthic communities may well
be the best indicator of restoration success.

i | COMPLEX HYDRAULIC MODELS
'_T,:“fb}llcnoc, shear stress, and other near-bed phenomena are the result of the simultaneous interaction of
Welocity, depth, and substrate. Thus, suitability criteria have been criticized for the lack of this

Regul. Rivers: Res. Mgmu. 17: 527-542 (2001)
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Figure 6. Substrate/Cover preferences for Macroinvertebrate Coramunity Diversity in wadeable streams of different gradients, based
upon a pool of 2500 samples

interrelationship in production of habitat information (Mathur er al., 1985). Gore and Judy (1981)
presented an aiternate model that included joint velocity and depth terms in an exponential polynomial
equation. A multiple regression of frequency distributions of velocity and depth provided the constants
for the equation. The result is a response surface depicting the changes in preference as a function of
changes in simuitaneous change in depth and velocity. Morin ez al. (1986) found that the exponential
polynomizl curves had the effect of minimizing variances and were more accurate density predictors than
the standard JFIM suitability curves and their log-transformed modifications.

Statzner (1987, 1988) and Statzmer and Holm (1982, 1989) have conducted extensive tests of the
hydrodynamics of benthic macroinvertebrates and have produced a series of models of complex hydraulic
conditions that accurately predict the distribution and density of aquatic macroinveriebrates. Although
these models are, undoubtedly, more accurate, in ecological terms, the employment of these complex
hydraulic models requires extensive modification of the habitat packages within PHABSIM to accommo-
date the suitability curves, HABTAT, for example, does contain options to examine shear stress and other
near-bed phenomena, but remains based upon velocity, depth, and substrate curves produced
independently.

At first, this may sound as a criticism of the currently employed habitat suitability curves and a call for
the renewed development of macroinvertebrate habitat models. However, in a small number of tests of
these models, PHABSIM appears to be doing a more than adequate job of prediction and as a
managernent tool. Gore et af. (1998} found that composite suitability curves were able to predict
community diversity of benthic macroinvertebrates in areas downstream of restoration structures on
low-order streams. Similarly, Statzner et al. (1998), in a direct comparison of complex hydraulic models

Copyright € 2001 John Wiley & Sons, Lid. Regul. Rivers: Res. Mgmi. 17: 577542 (2001)
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Figure 7. A comparison of recommended monthly minimum refeases on Queens Creek, North Carolina, with a 20% reduction in
based 1 habitat allowed. Based on predictions using only a riffle-feeding benthic fish (Cottus bairdf) and including benthic macroinvertcbrate
ts, diversity. This results in a 4.3% annual volumetric increase 1o protect benthos

(tost) - and the simpler habitat suitability curves used in IFIM, found that the simple habitat suitability curves
. ] did a better job of predicting densities, with smaller sample sizes required, when attempting to predict
:::;ﬂ sample density of over 250 samples of Aphelocheirus aestivalis from rivers of central Germany.,
tion of
nential . .
rs than MUSSEL FAUNA-—-NEW APPROACHES
3 Although many factors have contributed to the extinction of numerous freshwater mussel species and
of th.e - populations, and should be considered in mussel conservation (Layzer et al., 1993; Chesney and Oliver,
draulic 1 1998; Killeen er al,, 1998; Hughes and Parmalee, 1999; Cosgrove et al., 2000), we restrict our discussion
though 3 here to the influence of hydraulics on mussel populations. Freshwater mussels differ from most other
smplex ¢ macroinvertebrates in several ways that can affect assessment of their instream flow requirements (Table
ommo- } I). In particular, the limited mobility of mussels mandates that a different approach be used to define their
d other . flow requirements. Layzer and Madison (1995) argued that suitability indices developed for one discharge
oduced i were of little use in predicting mussel habitat at other discharges. Spatially, mussel habitats are often well
‘ defined and restricted to patches (mussel beds). Barring catastrophic floods that reshape the stream
callfor channel, the locations of these beds remain constant among years and over a wide range of discharge.
tests of Mussels cannot move quickly enough to follow the changing location of suitable habitat as discharge
das a varies, Figure 9 is a hypothetical example of a PHABSIM prediction of suitable habitat based on typical
predict i habitat suitability indices developed at base flow (Q3). As flow decreases (Q2, Q1), there is decreasing

ies o0 - ' overlap between the predicted location of suitable habitat and the actual location of the mussel bed.
models §' Superficial examination of weighted usable area would seemingly show little change in the amount of

42 (2001) - % Copyright © 2001 John Wiley & Sons, Ltd. Regul. Rivers: Res. Mgmz. 17 527-542 (2001)
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Figure 8. A comparison of recommended monthly minimum releases oa Queens Creek, North Carolina, with a 35% reduction m
habitat allowed. Based on predictions using only a riffle-feeding benthic fish {Cotnus bairdi} and including benthic macroinvertebrate
diversity. This results in a 13.9% annual volumetric increasz 1o protect benthos

Table I. Characteristics of freshwater mussels and most other macroinvertebrates

Characteristic Most mussels Most macroinvertebrates
Life-span Long (> 30 years) Short (<3 years}
Mobility Limited Moderate

Recruitment Irregular Regular

Recolonization Slow Rapid

Tolerance of adults to low extremes High Low

habitat available as discharge decreased; however, because the mussel bed was not in the predicted area
of suitable habitat, the decrease would be more severe than predicted.

Defining the physical environment mussels occupy in lotic systems has been the subject of much recent
research (Holland-Bartels, 1990; Strayer and Ralley, 1993; Layzer and Madison, 1995; Hastie et al., 2000).
Despite these efforts, our understanding of preferred habitats and instream flow requirements of mussels
is in its infancy. Layzer and Madison (1995) suggested that shear stress was a major factor in determining
where juvenile mussels settled, and consequently, determines if recruitment to existing beds would occur.
Strayer (1999) demonstrated that mussel beds were located in high-flow refugia. However, mussels are not
uniformly distributed within a bed. Similarly, shear velocity varies on a small spatial scale within mussel
beds and is negatively correlated with mussel density (Hardison and Layzer, 2001).

Although the use of a community model is suitable for determining flow requirements for most
macroinvertebrates, such an approach is not appropriate for freshwater mussels. Available evidence

. indicates that instream flow needs are not necessarily the same for all species (Hardison and Layzer,

Copyright © 2001 John Wiley & Sons, Ltd. Regul. Rivers: Res. Mgmi. 17: 527-542 (2001)
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Figure 9. Hypotbetical distribution of optimal habitat conditions (WUA) as discharge changes (Q1-Q3) acroas the stream reach;
however, the mussel bed remains within the segment represented by transects | and 2 (T, T2)

cucn m

riebrate 2001). Moreover, temporal variability in flows is believed to be important in maintaining diverss
assemblages. Although the iastream flow requirements for many macroinvertebrates has been the subject
of research for over 20 years, specific attempts to delineate such needs for freshwater mussels is largely
restricted to the past 5 years. Furthermore, actually providing a flow regime for mussel populations
largely remains an untested management option. Layzer and Madison (1995) provided some interim
recommendations for instream flow requirements of mussels, including minimum depths and velocities;
however, they cautioned that these minima may be suitable only for temporary maintenance of mussel
populations.

L Many species of musscls live over 30 years, and in regulated and unregulated streams, successful
recruitment is often highly variable among years. At least some of this variability is linked to variations
in annual hydrographs. Recruitment for some species scems to be greatest at below average discharges,

i area while other specics may require a more normal flow rate for successful recruitment. Ultimately,
recruitment is the sole measure of how successful any flow regime is for providing conservation flows for
recent freshwater mussels. Therefore, we suggest a two-stage process for determining conservation flows for
2000). mussels. Initially, historic flow regimes should be linked to patterns in mussel recruitment. Following
wssels institution of a conservation flow regime, the level of recruitment should be monitored to insure that flows
nining are suitable for maintaining or increasing existing population levels. To maintain diverse mussel
occur. assemblages, annual hydrographs may have to vary seasonally and annually to provide optimal flows for
re not different groups of species. Although this recommended methodology does not lend itself readily to an
nussel IFIM analysis, PHABSIM should be used to assess habitat of host fishes, and flows necessary for
instream movement. Moreover, PHABSIM predictions can be used to insure that suitable habitat for host
most fishes occurs in the immediate vicinity of mussel beds to increase the likelihood of successful glochidial
idence attachment. We recognize that this proposed methodology will require much time and expense; however,
ayzer, 1 it is justified to insure the survival of many musse! species on the brink of extinction.

: {2001) Copyright © 2001 John Wilky & Sons, Ltd. Regul, Rivers: Res. Mgmt. 17: 527-542 (2001)
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CONCLUSION

Despite criticisms of PHABSIM and habitat suitability models for their lack of ecological sincerity, the
IFIM technique provides a useful tool to stream managers to ascertain which flows will substantively alter
habitat availability. The greatest need is the inclusion of macroinvertebrate suitability curves in the
assessment of lotic ecosystem integrity under regulated flows. Differences in predicted optimal and
minimum flow criteria do indicate that managing for a few target invertebrate species may result in the
loss of habitat for other non-target species while flows that are appropriate for functional feeding group
targets or for highest community diversity provide a greater proportion of habitat for benthic species.
i Maintaining a high community diversity among benthic macroinvertebrates or the appropriate proportion

r of functional feeding groups will likely insure a diversity of hydraulic conditions within the stream reach
o in question and it is a relatively simple procedure to produce suitability criteria for highest levels of
] benthic community diversity.

fff The second issue that faces the continued development of instrearn flow models applies to analysis of
b all trophic levels in stream ecosystems. That is, where should our efforts be focused in the future?
i Curreatly, we do not understand if or why more complex hydraulic models improve the predictive power

) of PHABSIM. The initial results of Statzner et al. (1988, 1998) are equivocal. Intuitively, it would appear
¥ that simulations of near-bed conditions should predict benthic macroinvertebrate ‘responses’ with greater
B accuracy and precision; however, this has not been the case. At the same time, parallel efforts are focusing
Vil upon more complex two- and three-dimensional models of hydraulic conditions (LeClerc et al., 1995;
' Waddle, 1998) and more simple models combining multivariate and statistical models of habitat

?7 ;;‘ suitability (Lamouroux et al., 1996). Should we focus upon improvement of biological models, hydrolog-

a ical models or both? Although we cannot suggest that any single approach is besz, it must be the

b responsibility of the developers of new models to demonstrate that the application of the new models will
< .

significantly alter the management decisions that are being made using the more simple models being
currently applied.
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