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LIST OF ACRONYMS AND SCIENTIFIC LABELS

Term Definition
1. Addition of flows to the total discharge of thehstneamwhich may com
Accretion from tributaries, springs, or seeps. 2. Increase of material such as silt,

water.

Active floodplain

The flat valley floor constructed by river during lateral channel migratio
deposition of sediment under ccilireate conditions.

Adaptive management

A process whereby management decisions can be changed or adjuste
additional biological, physical or socioeconomic information.

Adfluvial

Fish that spend a part of their life cycle in lakes andvetsiani streams t
spawn.

Adult

Sexually mature individuals of a species.

AgeO0 juvenile

The description of an organism that, in its natal year, has developed th
and physical traits characteristically similar to the mature lif@igtagethmii
capability to reproduce.

Aggradation

1. Geologic process in which inorganic materials carried downstream g
in streambeds, floodplains, and other water bodies resulting in a rise in
the bottom of the water bodystate\of channel disequilibrium, whereby t
supply of sediment exceeds the transport capacity of the stream, resul
deposition and storage of sediment in the active channel.

Anadromous

Fish that mature in salter but migrate to fresh watesmsp

Annual flow

The total volume of water passing a given point in Osaatgaexpressed a
a volume (such as de=t) but may be expressed as an equivalent const|
discharge over the year, such as cubic feet per second.

Armoring

1. Thdormation of an erogiesistant layer of relatively large particles on {
surface of a streambed or stream bank that results from removal of fing
erosion, and which resists degradation by water currents. 2. The applid
materials t@duce erosion. 3. The process of continually winnowing awg
substrate material and leaving a veneer of larger ones.

Average daily flow

The longerm average annual flow divided by the number of days in the
usually expressed as an equicalestant discharge such as cubic feet pe
secondlIn some settings, the value can be used to represent only the p
daily flow values in a defined period such as those that occur within a (
month.

The sloping land bordering anstthannel that forms the usual boundaries

Bank channel. The bank has a steeper slope than the bottom of the channe
usually steeper than the land surrounding the channel.

Bathymetric Related to the measurement of water depth within a water body.

Bedload Material moving on or near the streambed and frequently in contact wit

Benthic Associated with the bottom of a body of water.

Benthic macroinvertebrates

Animals without backbones, living in or on the sediments, a size large

seenby the unaided eye, and which can be retained by a U.S. Standarg
sieve (28 openings/inch, @@%0penings). Also referred to as benthos,

or macrobenthos.

Braid

Pattern of two or more interconnected channels typical of alluvial strea

Breaching flow

The mainstem river flow that overtops the inlet elevation of a side chan
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Term Definition

The validation of specific measurement techniques and equipment, or
Calibration comparison between measurements. In the context of PHABSIM thoalil

process of adjusting input variables to minimize the error between preq
observed water surface elevations.

Capillary fringe

The subsurface layer in which groundwater seeps up from a water tabl
action to fill soil pores.

Catch er unit effort (CPUE)

The quantity of fish caught (in number or in weight) with one standard
effort. CPUE is often considered an index of fish biomass (or abundang
Sometimes referred to as catchGBRIEE may be used as a measure of
economic efficiency of fishing as well as an index of fish abundance.

Channel

A natural or artificial watercourse that continuously or intermittently cor
with definite bed and banks that confine all bk stediaflows.

Confidence interval

The computed interval with a given probability that the true value of the
such as a mean, proportion, drist®ntained within the interval.

Confinement

Ratio of valley width (VW) to chann€lGMifithConfined channel VW:CW 4
Moderately confined channel VWACWh2onfined channel VW:CW >4,

Confluence The junction of two or more streams.
- Maintenance of lateral, longitudinal, and vertical pathways for biologics
Connectivity . ;
hydrologicalnd physical processes.
Structural features (e.g., boulders, log jams) or hydraulic characteristic
Cover turbulence, depth) that provide shelter from currents, energetically effig

stations, and/or visual isolation from competgdeganspr

Cross section

A plane across a stream channel perpendicular to the direction of wate

Crosssectional area

The area of the stream's vertical cross section, perpendicular to flow.

Cubic feet per second (cfs)

A standard measure of theawwtalint of water passing by a particular loca
a river, canal, pipe or tunnel during a one second interval. One cfs is €
7.4805 gallons per second, 28.31369 liters per second, 0.028 cubic m¢
second, or 0.6463145 million gallony fergdl. Also called sedeat

Current meter

Instrument used to measure the velocity of water flow in a stream, mee
units of length per unit of time, such as feet per second (fps).

Datum

A geometric plane of known or arbitrary elevatierays®dt of reference to
determine the elevation, or change of elevation, of another plane (see

Decision support system (DSS)

Tools developed to evaluate alternative flow scenarios in support of wa
decisions; can include matiiegsarray differences among alternative flow
regimes by calculating values of indicator variables representing differg
characteristics or processes of the riverine ecosystem.

1. A decline in the viability of ecosystem funcpomseasds. 2. Geologic

Degradation process by which streambeds and floodplains are lowered in elevation
removal of material (also see down cutting).
Delta A low, nearly flat accumulation of sediment deposited at the mouth of &

stream, commotriangular or fahaped.

Dendrochronology

The science of dating woody species (Fritts 1976).

Density Number of individuals per unit area.
.. The settlement or accumulation of material out of the water column an
Deposition
streambed.
Depth Watedepth at the measuring point (station).
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Term Definition
Dewater Remove or drain the water from a stream, pond or aquifer.
DIHAB Direct Input Habitat model

The rate of streamflow or the volume of water flowing at a location with
Discharge time intervalsually expressed as cubic meters per second (cms) or cu

second (cfs).

Dissolved oxygen (DO)

The amount of gaseous oxygen (02) dissolved in the water column. G
into water by diffusion from the surrounding air, by aeratioar(rapty] era/
as a waste product of photosynthesis. More than 5 parts oxygen per n
water is considered healthy; below 3 parts oxygen per million is generé
to aquatic organisms.

Disturbance regime

Floodplain vegetation disturbance types found within the SStittighFiger,
corridor include: channel migration (erosion and depositional processe
processes (shearing impacts, flooding and freezing), herbivory (beavel
hare), winénd, to an infrequent extent, fire. Floodplain soil disturbancg
primarily ice shearing and sediment deposition.

Drainage area

The total land area draining to any point in a/dseaalled catchment areq
watershed, and basin.

Ecosystem

Anycomplex of living organisms interacting with nonliving chemical ano
components that form and function as a natural environmental unit.

Electrofishing

A biological collection method that uses electric current to facilitate cap

Embededness

The degree that larger particles (boulders, rubble, or gravel) are surrou
covered by fine sedimé&ldually measured in classes according to perce
coverage.

Emergent vegetation

An emergent plant is one which grows in water pigredsdhe surface so
it is partially in a@ollectively, such plants are emergent vegetation.

Euphotic zone

Surface layer of an ocean, lake, or other body of water through which |
penetrateAlso known as the zone of photosynthesis.

FUR

Forward looking infrared (FLIR) is an imaging technology that senses i
radiation. Can be used for watershed temperature monitoring.

Flood

Any flow that exceeds the bankfull capacity of a stream or channel and
the floodplain.

Flooglain

1. The area along waterways that is subject to periodic inuneziamby o
flows. 2. The area adjoining a water body that becomes inundated duri
overbank flooding and that is given rigorous legal definition in regulato
3. Land beyond a stream channel that forms the perimeter for the max
probability flood. 4. A relatively flat strip of land bordering a stream that
sediment deposition. 5. A deposit of alluvium that covers a valley flat fr
erosbn of meandering streams and rivers.

FIl oodpl ain vege
surface water regime functional g

Assemblages of plants that have established and developed under sim
groundwater and surface water hydrologic regimes

Astream discharge with sufficient power to remove silt and sand from 3

Flushing flow gravel/cobble substrate but not enough power to remove gravels.

Focus Area Areas selected for intensive investigation by multiple disciplines as par
InstreanHowStudy.

Fry Arecently hatched fiSaometimes defined as a young juvenile salmonid

absorbed egg sac, lgwm 60 mm in length.
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Term Definition

A specific site on a stream where systematic observations of streamflg

Gaging station hydrologic data are obtained.

An integrated collection of computer software and data used to view af
information about geographic places, analyze spatial relationships, ang
spatial processeA.GIS provides a framework for gathering and organizi
data and related information so that it can be displayed anthahalyzed.

simplest terms, GIS is the merging of cartography, statistical analysis,

technology.

Geogrphic information system (Gl

Amap design technique that defines, delimits and locates landforms. |
description of surface relief and its origin, relative age, and the environ
conditions in which it formed. This type of mapping is used to locate a
differemate among relief forms related to geologic structure, internal dy
the lithosphere, and landforms shaped by external processes governe
climate environment.

Geomorphic m@ing

A system of radimitting andeceivingatellites used for determining positi
on the earthThe orbiting satellites transmit signals that allow a GPS rec|
anywhere on earth to calculate its own location through tilateriajeal an
operated by the U.S. Department of Defergstedin is used in navigation,
mapping, surveying, and other applications in which precise positionin

Global positioning system (GPS)

necessary.
. The rate of change of any characteristic, expressed per unit of length (|
Gradient I L .
May also apply to longitudinal succddsimiogical communities.
Groundwater In general, all subsurface water that is distinct from surface water; spe
part which is in the saturated zone of a defined aquifer.
. . Groups of species that share common characternigtiobabitat use and
Habitat guild

selection at various stages in their life histories.

A graph/mathematical equation describing the suitability for use of are:
Habitat suitability criteria (HSC) [ stream channel related to water depth, velocity ardtsubatiatis
species/lifestages of fish.

An HSI is a numerical index that represents the capacity of a given hal
support a selected speditSlI model results represent the interactions of
Habitat suitability index (HSI) habitat characteristmd how each habitat relates to a given Sgexiesue i
to serve as a basis for improved decision making and increased under
speciedabitat relationships.

A horizontal or vertical constriction in the chanaskhsuctest of a riffle, wi

Hydraulic control creates a backwater effect.

A measure of energy or pressure, expressed in terms of the vertical he

Hydraulic head column of water that has the same pressure difference.

A computer model sEgment of river used to evaluate stream flow char:

Hydraulic model
over a range of flows.

Hydrograph A graph showing the variation in discharge over time.
IFG Instream Flow Group
IFIM Instream Flow Incremental Methodology
Lowering of the streantbedrosion that occurs when the energy of the w
Incised flowing through a stream reach exceeds that necessary to erode and t
bed material.
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Term

Definition

Incremental methodology

The process of developing an instream flow policy that incorporates m
variable rules to establish, through negotiatigindfi@wrequirements or
guidelines to meet the needs of an aquatic ecosystem, given water suf
constraints. It usually implies the determination oties¢taduitgt relation fo
comparingtreamflow alternativesudh time

Instream flow

The rate of flow in a stream channel at any time of year.

Intergravel

Intergravel refers to the subsurface environment within the river bed.

Invertebrate

All animals without a vertebral coluexgrfaale, aquatic insects.

Isotopic dating

Direct dating using analyses of stable isotopes.

Large woody debris (LWD)

Pieces of wood larger than 10 feet long and 6 inches in diameter, in a
channel. Minimum sizes vary according to streamegjmnand

LiDAR

Light detection and rangirgoptical remote sensing technology that can
measure the distance to a target, can be used to create a topographic

Life stage

An arbitrary age classification of an organism into categories relate to |
morphology and reproductive potential, such as spawning, egg incubat
fry, juvenile, and adult.

Macroinvertebrate

An invertebrate animal without a backbone that can be seen without m

Main channel

Main Channel Habitat Types

Main Channe8ingle dominant main channel

Split Main Channéless than 3 distributed dominant channels
Braided Main Chann@reater than 3 distributed dominant channels
Side ChanneChannel that is turbid and connected to the active main cH
represents natominant proportion of flow
Tributary MouthClear watereas that exist where tributaries flow into the
Susitna River main channel or side channel habitats

Mainstem

Mainstem refers to the primary river corridor, as contragtethtiess
Mainstem habitats include the main channel, split main channels, side
tributary mouths, anecb&nnel habitats.

Manningbs n

A measure of channel roughness.

Mesohabitat

A discrete area of stream exhibiting relativethsiadgaristics of depth,
velocity, slope, substrate, and cover, and variances thereof (e.g., pools
maximum depth <5 ft, high gradient rimes, side channel backwaters).

Microhabitat

Small localized areas within a broader habitat type used byoorgetifins
purposes or events, typically described by a combination of depth, velg
substrate, or cover.

Nonrnative

Not indigenous to or naturally occurring in a givereseeae is usually
attributed to intentional or unintentional intrdijuctimans. Nuative specie
are al so gpeciesned fAexotico

Nose velocity

The velocity at the approximate point vertically in the channel where a
located.
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Term

Definition

Oftchannel

Those bodies of water adjacent to the main channel that haviesurface
connections to the main river at some discharge levels.

Offchannel Habitat Types

Side SloughOverflow channel contained in the floodplain, but disconne
the main channel. Has clear Water.

Upland SloughSimilar to a side slough, but contains a vegetated bar a
overtopped by mainstem flow. Has clea water.

Backwater:Found along channel margins and generally within the influg
active main channel. Water is not clear.

Beaver Compk Complex ponded water boghted by beaver dams

Peak load

The greatest of all load demands on an interconnected electric transm
network occurring in a specified period of time.

Period of record

The length of time for which data for an emiabwaniable have been colle
on a regular and continuous basis.

pH

A measure of the acidity or basicity of a solution. Pure water is said to
with a pH close to 7.0 at 25 °C (77 °F). Solutions with a pH less than 7
beacidic, and solutions with a pH greater than 7 are said to be basic of

PHABSIM

(pronouncedPABSIM) The Physical HABiItat SIMulation system; a set ¢
software and methods that allows the computation of a relation betweg
and physichhbitat for various life stage of an aquatic organism or a rec
activity.

Physical habitat

Those abiotic factors such as depth, velocity, substrate, cover, temper
quality that make up some of an organism's living space.

Part o& stream with reduced velocity, often with water deeper than the

Pool areas, which is usable by fish for resting and cover.

Powerhouse A structure that houseduhginesgenerators, and associated control equi
Project River Milggased on the digitized wetted width centerline of the i

PRM channel from 2012 MatanS8sisitna Borough digital orthophotos. PRM 0

established as mean lower low water of the Susitna River confluence &

Process domains

Define specific geographic areas in which various geomorphic process
habitat attributes and dynamics (Montgomery 1999).

Q

Hydrological abbreviation for discharge, usually presented as cfs (cubi
second) or cms (cubic meters per se€lmd)discharge at a csexgion).

Radiotelemetry

Involves the capture and placement -¢égadioadult fish that allow for the
remote tracking of movements of individual fish.

Ramping rate

The rate of change in disciarpieally inches peuf)below d&ydroelectric
facility that is fluctuating flow releases.

Recruitment

The number of new juvenile fish reaching a certain size/age class; con
process whereby juveniles survive and mature into adults.

Redd The spawning ground orafestrious fishes
An area protected from disturbance and exposure to adverse environn
Refugia conditions where fish or other animals can find shelter from sudden flo
adverse water quality, or otherditration disturbances.
Regime The gneral pattern (magnitude and frequency)rofeifoperature events

through time at a particular location (such as snowmelt regime, rainfall
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Term Definition
: A body of water, either natural or artificial, that is used to manipulate fl
Reservoir
wate for future use.
To return a stream, river, or lake to its natural, predevelognuefurfction.
Restoration Restoration typically eliminates the human influence that degraded or
riverine processes and characteristics.
A fastvater habitat with turbulent, shallow flow over submerged or parti
Riffle submerged gravel and cobble subs@atekents are approximately 2 to le
than 4%.
N Pertaining to anything connected with or adjacent to the bank of a stre
Riparian

bod/ of water.

Riparian process domain

Define specific geographic areas in which various geomorphic process
floodplain habitat attributes and dynamics.

Riparian vegetation

Vegetation that is dependent upon an excess of moisture durifdghee port
growing season on a site that is perceptively more moist than the surrg

Riparian zone

A stream and all the vegetation on its banks that is influenced by the p
the stream, including surface flow, hyporheic flow and microclimate.

River

A large stream that serves as the natural drainage channel for a relativ
catchment or drainage basin.

River corridor

A perennial, intermittent, or ephemeral stream and adjacent vegetative
corridor is the area occupied dhigimgvater and the land immediately adjg
including riparian vegetation that shades the stream, provides input of
debris, and protects banks from excessive erosion.

River mileRM)

The distance of a point on a river measured in milesvieomsrtiaith along
the lowvater channel.

RJHAB

Resident Juvenile Habitat model

Scour

The localized removal of material from the streambed by floWigisvéter,
opposite of fill.

Sediment

Solid material, both mineral and organic, theggsrision in the current or
deposited on the streambed.

Side channel

Lateral channel with an axis of flow roughly parallel to the mainstem, w
water from the mainstem; a braid of a river with flow appreciably lower
main channel.d8ichannel habitat may exist eitherdefineltl secondary

(overflow) channels, or in pdefityed watercourses flowing through partig
submerged gravel bars and islands along the margins of the mainstem

Sinuosity

The ratio of channel lengthelegttwo points on a channel to the dinaight
distance between the same two pietemount of bending, winding and
curving in a stream or river.

Slope

The inclination or gradient from the horizontal of a line dhsultgree of
inclinationan be expressed as a ratio, such as 1:25, indicating one unit
units of horizontal distance or as 0.04 height pedftamgéxpressed as a
percentage and sometimes also expressed as feet (or inches) per mile

Smolt

An adolescent salmoitivhas metamorphosed and which is found on its
downstream toward the sea.

Smoltification

The physiological changes anadromous salmonids and trout undergo i
while migrating toward saltwater that allow them to live in the ocean.

Spawning

The depositing and fertilizing of eggs by fish and other aquatic life.
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Term Definition
A river having numerous islands dividing the flow into two channels. T
Split channel and banks are usually heavily vegetated and stable. The channels ten
narrower anhdeeper and the floodplain narrower than for a braided syst¢
Stage The distance of the water surface in a river above a known datum.

Stage of zero flow (SZF)

No discharge flowing through thesexgm if water stage is equal or lowe
SZF.Usually SZF is the channel invert, the lowest point of the channel

Stagedischarge relationship

The relation between the watésce elevation, termed stage (gage heigh
the volume of water flowing in a channel per unit time.

Strandingefers to theeaching of fisind other aquatic organsmisw gradiel

Stranding channel begk a result of declining river stage.
Streambed The bottom of the stream channel; may be wet or dry.
The material on the bottom of the streaed,chaninas rocks or vegetation.
Proposed substrate classification system for use in development of HS
for the Susitd&atana Project.
Code Substrate Type Size (Inches)  Size (mm)
1 Silt, Clay, or Organic  <0.01 <0.1
2 Sand 0.010.10 0.12.0
Substrate 3 Small Gravel 0.160.30 2.08.0
4 Medium Gravel 0.301.25 8.032
5 Large Gravel 1.252.50 3264
6 Small Cobble 2.505.0 64128
7 Large Cobble 5.010.0 128256
8 Boulder >10.0 >256
9 Bedrock
Suitability A generic term used in IFIM to indicate the relative quality of a range o

environmental conditions for a target species.

Temporal variability

Pertaining to, or involving the nature of time, occurrence in time, and v
occurrence over someement in time (e.g., diurnally, daily, monthly, ann

Thalweg

The deepest channel of a watercourse.

Time step

The interval over which elements in a time series are averaged.

Timeseries analysis

Analysis of the pattern (frequency, dunatioitude, and time) of-tianging
events.These events may be discharge, habitat areas, stream tempera
population factors, economic indicators, power generation, and so forth

Transferability

1. Applicability of a model (e.g., habitat saoittdyilityto settings or conditio
that differ from the setting or conditions under which the model was de
Applicability of data obtained from a remote source (e.g., a meteorolog
for use at a location having different enviroattnibotzs.

Trapping is the isolation o&fidiother aquatic organisrmpeckets of water w

Trapping no access to the ffemving surface watsra result of declining river stage.
Tributar A stream feeding, joining, or flowing into @treagelat any point along its
y course or into a lak8ynonyms: feeder stream, side stream.
Turbidit A measure of the extent to which light passing through water is reduce
y suspended materials.
The area of river channel bed exjgposeduent inundation and dewatering
Varial zone caused by daily flow fluctuations associated with hydrefatirerdirigad

operations.
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Term Definition

The distance traveled by water in a stream channel divided by the time
travel that distance.

Velocitpdjustment factor (VAF) | GsimulatelQriay Where uis the discharge computed by PHABSIM.

Velocity

A location along a transect across a river where micishedbitita are

Vertical collected.

The wetted area of a stre@ighted by its suitability for use by aquatic org

Weighted usable area (WUA) or recreational activity.

The length of the wetted contact between a stream of flowing water an

Wetted perimeter bottom in a plane at right angles to the direction of flow.
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1. INTRODUCTION

The construebn and operation of the Susith&Vatana Hydroelectric Proje(®roject)(Federal
Energy Regulatory Commission (FERC No. 14241l) affect Susitna River flows downstream

of the dam; the degree of these effects will ultimatefyede on final Project design and

operating characteristic§ he potential alteration in flows will influence downstream
resources/processes, including fish and aquatic biota and their habitats, channel form and
function including sediment transport, watgrality, groundwater/surface water interactions, ice
dynamics, and riparian and wildlife communities (AEA 201Dgtermining the effects of

Project operations on the different resources and processes is the focus of a series of studies that
have beemproposedy Alaska Energy Authority (AEA) as part of the FERC Integrated

Licensing Process (ILP). Those studies have been described in detail within the Revised Study
Plan (RSP) that was submitted by AEA to the FERC in December 2012.

The development of dse study plans benefited from previous studies that were completed in the
early 1980s irconjunctionwith the then proposed development of an earlier Susitha
HydroelectricProject(SusitnaHydroelectric (StHydro) Roject (FERC No. 7114) That

project nvolved a twedam configuration with a different proposed operational ae Section

2 below). Nevertheless, flow regulation was a paramount issue relative to effects on different
resources (Perry and Trihey 1981) and therefore detailed studies weressooned by the

Alaska Power Authority (APAvith the majorityconducted over a five year period (198485).

The extent and details of many of those studies were provided in the Draft Environmental Impact
StatementKERC1984) along with companion app#ices and attachments in the wayAtdska
Department of Fish and Gam&F&G) reports. A gap analysis conducted by HDR (2011)
summarized some of the data and providednitial listing of salient reports and data that
warranedmore detailed evaluatisn

A more focused review of existing reports and data specific to théy8ro Project proposed in
the 1980s was initiated by in 2012 thatncluded the identification, acquisition, and
compilation of study plans, reports, data, maps, drawings, phptegrand technical
correspondence pertaining to the 198044ydro Project.A substantial amount of this
information had already been provided to and made available through the Alaska Resources
Library and Information Services (ARLISSNdAEA has identifed and is working with ARLIS

in acquiring the majority of original files, documents, maps, drawings, and other information that
had been archived in several locations in Alaskiaese documents are in a variety of formats
including textual, microfiche,red maps.The majority ofthesedocuments will be housed in the
ARLIS library in Anchorage, Alaska (some are available online through the University of
Alaska, Fairbanks library) and will be made available either electronically or-bigeoreview to
interested parties, licensing participants, and Project team men#igfshas established the
following link to the SeHydro documents via ARLI&ttp://www.susitna
watanahydro.org/type/docuntsn

As part of the 2012 effort, AEA also commissioned the targeted review of reports, data, and
other information specific to the 1980s studies of fish, fish habitats, and instreamne bed
assessmentslhesedocuments include 83 separate volumes containing descriptions of field
studies and reports with tabular data, figures, and mBps.reports describe studies that were
focused on a wide range of interrelated topics designed to provide information théalowy
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for an evaluation of the potential effects of theFBudro Project operations on downstream fish
and aquatic resources and habitdteese includedtudies focused on

> > > > > > D> D>

A

Adult salmon passage in sloughs and side channels

Adult salmon spawn timingral distribution

SalmonHabitatSutability Criteria

Salmon spawning habitat evaluation

Juvenile salmon abundance and distriburatuding winter studies

Resident fish abundance, distributiand life history

Channel geometry investigations

Groundwateupwelling detectionand

Hydrological investigations and modeling of anadromous and resident fish habitat

That work has been completed and has resulted in the preparatigme€hnial
MemorandgTMs) that summarize the salient fish and instream-lelated information

from those studieskor convenience, and because of their interrelationships, the TMs have
been compiled and are included together within this compendium document. The TMs are
presented in the following order:

A

Technical Memorandum River Stratification and Study Site Selection Process: 1980s
Studies and 2013014 Studie$ discusses the study site selection process applied during
the 1980s studies that allows for a comparison with the process proposed for the 2013
2014 studies.

Tecmical Memoranduni Summary of Fish Distribution and Abundance Studies
Conductedduringthe 1980s StHydro Project summarizes the methods used and study
sites sampled for evaluating fish distributions in the Susitna River in the 19B3sTM
does not hve a corollary section for the 202814 studies since there are 12 separate
fish related studies proposed for 2€AL4 gee RSP Sections 9.5 through 9.16).

Technical Memorandurh Selection ofTarget Specieand Development of Species
Periodicity Infornation:1980s Studies and 202814 Studie$ summarizes the data and
information that was collected in the 1980s that was used in identifying target species and
developing species periodicities, gmvides a general overview of the approach for
developinghis information in the 2022014 studies.

Technical Memorandur Development oHabitat Suitability Curve and Habitat
Utilization Information 1980sStudies and 2023014 Studie$ describes methods used
for collectingHSC data in the 1980s and prowsdelisting of HSC curves that were
developed; the TM also provides an overview of the approach for developing this
information in the 2012014 studies.

Technical Memorandur Reviewof Habitat Modeling Methods: 1980s Studies and
20132014 Studie$ descibes the different instream flow related methods that were
applied during the 1980s studies and provides an overview of the approaches that will be
appliedin the 20132014 studies.
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FERC Project No. 14241 Page 2 March 2013



REPORT 2012 INSTREAM FLOW PLANNING STUDY

A Technical Memoranduri Biologically Relevant and Flow Dependent Phykica
Processes: 1980s Studies and 2P@B4 Studie$ discusses various physical processes
that were considered biologically relevant during the 1980s studies and that are linked to
surface flow conditions; these processes are also briefly discussed reldtige2013
2014 studies.

For convenience, all figures and tables, and a comprehensive listing of all references have been
placed at the end of the compendium. The compendium includes three appendices:

A Appendix1i index of location names and river milesed in the compendium;

A Appendix2i a listingof all articles and reports cited in this compendalong with a
hyperlink to the documents via ARLI&nd

A Appendix3i summary document that descriliestream flow study sites anegeral
modeling approaats used duringhe 1980s instream flow studies.

It shoud be noted thahe TMs presented herein borrow extensively from the reports and
documents that were prepared by the many scientists and researchers involved during the 1980s
studies This not only ncluded borrowing from the text and narratives of the reports but in many
cases,specific figures or tables that proved especially useful for explaining both methodologies
as well as resultsThroughout this processpacial attention was placed on maksure that the
paraphrasing and/or direct quotioguseof materials from thesdocuments was properly cited.
However, in spite of this, there may still be a few instances where such citations were missing or
improperly assigned and for this we apoleg the respective authors.
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2. BRIEF HISTORY OF THE 1980S SUSITNA PROJECT

The Susitna Hydroelectric project, as proposed in the 1980s consisted df ddamocomplex
that was scheduled for completion over a 21 year period (Trihey and Associatésjrand
(1985) in three stages. The two dams included an upper Watana Dam locatedl84RRRM
187.5) that was to be constructed first (Stage 1), with a second dang Cawlon Dam located
at RM 152 about 32 miles downstream from Watana Dam thatonfaBaw (Stage 2). Stage 3
was to involve raising the height of the Watana Dam, upgrading the four turbines and installing
two additional units.At completion, the project would have had a total installed capacity of
1,880 MW (HDR 2009). Constructiori the Watana Dam complex was to have occurred over
an 89 year period commencing in 1985 with power generation to have begun in 1994.
Construction of the DesICanyon Dam was to commence immediately in sequence with the
operation of the Watana Dam compleith initial site development beginning in 1994 with
major construction occurring over a six year period leading to projecatopes in 2002 (FERC
1984).

Operationally, the Watana Dam was to be operated as a baseload facility untikI2eyibn
operaions commenced. At that time, Watana Dam operations were to shift to peak and reserve
operation which would allow for daily and hourly changes in flow to meet daily power demands.
The Devik Canyon Dam would then have been used asreg@ating faciliy to smoothkout the

rapid flow fluctuations resulting from operation of the Watana Dam and allow for more stable
flow releases provided as part of baseload operatidhgs, the downstream flow releases from

the Devik Canyon Dam would not have the ddilgw fluctuations associated with peaking and
load-following operations of the upper developmelrt.addition, because the Des{Canyon

Dam would create a reservoir that would inundate much of the river between the two dams, the
instream flow and riparrastudy efforts in the 1980s focused on the effects of flow releases to
the Susitna River downstream of the Devils Canyon Dam site, and the reach between the Devils
Canyon Dam and Watana Dam sites was not really considered as part of the instream flow and
fisheries studies.

The instream flowelated issues that were the focus of studies completed in the 1980s were
more concerned with determining the effects of changes in the timing and magnitude of flows on
the quantity and quality of fish habitats thaiwid occur with the two dams as configured, rather
than flow fluctuations.Indeed, under the two dam configuration, daily/hourly flow fluctuations
would have been of little consequence to the Middle River resources below Devils Canyon.
Nevertheless, manyf the flow related resource issues that were of concern in the 1980s are
similar to those raised for the newly proposed SudiMagana Hydroelectric Project (see Fish

! The Project River Mile (PRM) system for the Susitna River was developed to provide a consistent and accurate method of
referencing features along the Susitna River. During the 1980s, researchers often referenced features by river mile without
identifying the source map or reference system. If a feature is described by river mile (RM) or historic river mile (HRM), then
the exact location of that feature has not been verified. The use of PRMs provides a common reference system and ensures tha
the locatim of the feature can be verified. The PRM was constructed by digitizing the wetted width centerline of the main
channel from 2011 Matanusi&usitna Borough digital orthophotos. Project River Mile 0.0 was established as mean low water
of the Susitna Riveronfluence at Cook Inlet. A centerline corresponding to the channel thalweg was digitized upstream to the
river source at Susitna Glacier using data collected as part of the 2012 flow routing transect measurements. Thi@edsultant |
an ArcGIS routdeature class in which linear referencing tools may be applied. The use of RM or HRM will continue when
citing a 1980s study or where the location of the feature has not been verified. Features identified by PRM are aghcamted w
ArcGIS data layerrad process, and signifies that the location has been verified and reproduced.
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and Aquatic Study Requests as postdatat//www.susitnavatanahydro.org/type/documents/

In the early 1980s, an initial set of issues and concerns regarding the Susitna Hydroelectric
Project were identified as part of an organized survey of state and federal resoncoesaayed
stakeholders. These concerns were summarized and discussed in Perry and Trihey (1981) and
included comments that were separated into nine instream flow use categories including
commercial, recreational, water quality, water rights, estuaryjaip&egetation, fish and

wildlife, recreation and flow regime. Some of the comments and questions pertaining to fish and
the aquatic ecosystem effects included:

A How would changes in flowegime temperature, silt and water quality parameters affect
spawiing, movement, outmigration, egg development and seasonal habitat use?

A Would higher stream flow velocities associated with increased winter flows affect-young
of-the-year that migrate into the mainstem from tributaries during winter months?

A What overwingring of juvenile and resident anadromous fish occurs in the main channel
and how would it be affected?

A What will the effect be of reducing the sediment load and associated nutrients on
downstream biota?

A Would the reduction of peak flows affect fisheryliatition of side channels and
backwater areas?

A What will the magnitude of flow change be under gusiect conditions and how would
this affect access (fish) to tributaries?

>\

Will the reduction in the seasonal variability of flow negatively impact thétyabil the
river to cleanse itself of debris?

How will flows dampen in a downstream direction?
What is the relationship of groundwater levels to surface flows in the Susitna River?
What will the effect be of increased winter flows on icing?

> > > >

How would the changes in flow affect sediment transport, bedload transport, stream
morphology and channel characteristics?

To address these questions, a series of studies were completed commencing in 1981 and
extending through 1986. Tal®2el-1 provides a generakling of the types of instream flow and
fish related studies that were completed as part of tHéy8to Project Fish and Aquatics Study
Program. More details concerning these studies are provided in other sections of this TM
Compendium, as well as in wahesis document of 1980s fish data presented in R2 2013

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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3. TECHNICAL MEMORANDUM i RIVER STRATIFICATION AND
STUDY SITE SELECTION PROCESS: 1980S STUDIES AND 2013-
2014 STUDIES

As in all complex riverinenstream flowstudies, one of the first and perBapost important

steps that occurs is the development of a study plan that spells out not only the study objectives
but also the methodsnd techniques thatilvbe usedio accomplish the objectives. A

fundamental part of that plan is typically devotedpecifying the locations/sites in which the
studies will be conducted. For large river systemsh as the Susitna River, this generally
involves some form of stratification process in which the river is divided into reaches or
segments based on simitgrof physical, hydrologic, and morphologic conditions. This process,
along with a habitat mapping component helps to determine both the number of study sites as
well as their spatial distribution and is integral for being able to make inferences frauratka

to unmeasured site§his TM describes the process that was used during tiéy&w 1980s
studies and then how that process factored into the stratification and classification approach
being proposed for the Susitn&atana 2012014 studies.

3.1. Su-Hydro 1980s Studies 1 River Stratification, Classification
and Site Selection

The stratification approach appliear the1980sSu-Hydro studiesnvolved dividing the Susitna
River intosegments, sukeaches, and study sites based on hydrology, charorphology,
tributary input, macroand mesohabitat features, and fish usethe broadest scale, the Susitna
Riverwas divided into three segmemddlowing the historic river mile convention used at the
time:

1. Upper Rver i Representing that portion dfie waershed above the proposed Dsvil
CanyonDan{ her eafter referreet@atRd158.s fADevil so

2. Middle River i Extending approximately 53.5 miles from RM 152 downstream through
Devils Canyon to the Three Rivers Confluence at RM 98.5.

3. Lower River i Extending 98.5 miles downstream from the Three Rivers Confluence to
Cook Inlet (RM 0).

These three breaks formed the first order level of stratification in the 1980s stiticies.
important to note that even with a two dam configuration, agowgmsed for the ShHlydro
Project (see above), the studies id separate out a fourth segmtat would have extended
for about 32 miles from Devils Canyon to the proposed Watana Dam site at RMHi84vas
presumably because the lower dd@devils Canyon Dam)would represent the lowermost point
of the affected upper reash thathe lower boundary of that reach was anchored at that
location.

3.1.1. Middle River Stratification

For the Middle River, gecond level of stratification was designated basedassitying
riverinerelated habitats of the Susitna River into six md@bitat categories consisting of
mainstem, side channel, side slough, upland slough, tributaries, and tributary mouths (Estes and
VincentLang 1984 Klinger and Trihey 1984 The distibution and frequency of these habitats

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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varied longitudinally within the river depending in large part on its confinement by adjoining
floodplain areas, size, and gradiefihe habitat types were described by ADF&G with respect to
mainstem flow influencen the Susitna Hydroelectric Aquatic Studies Procedures Manual
(ADF&G 1984) also in Klinger and Trihey (1984} follows, with additional clarification added
here where considered appropriate:

A Mainstem habitat consistingof those portions of the SusitRaver that normally convey
stream flow throughout the yeaBoth single and multiple channel reaches are included
in this habitat categoryGroundwater and tributary inflows appear to be inconsequential
contributors to the overall characteristics of nsé@m habitat Mainstem habitat is
typically characterized by high water velocities and vaethored streambed$&ubstrates
generally consist of bouldeand cobblesize materials with interstitial spaces filled with
a groutlike mixture of small graveland glacial sandsSuspended sediment
concentrations and turbidity are high during summer due to the influence of glacial
meltwater. Stream flows recede in early fall and the mainstem clears appreciably in
October. An ice cover forms on the river in &lNovember or December.

A Side channel habitatconsistingof those portions of the Susitna River that normally
convey stream flow during the operater season but become appreciably dewatered
during periods of low flow.Side channel habitat may exist eitiewell-defined
overflow channels, or in poorly defined water courses flowing through partially
submerged gravel bars and islands along the margins of the mainstensideschannel
streambed elevations are typically lower than the mean monthly wataces elevations
of the mainstem Susitna River observed during June, July, and A&jdstchannel
habitats are characterized by shallower depths, lower velocities, and smaller streambed
materials than the adjacent habitat of the mainstem river.

A Sideslough habitat located in springor tributaryfed overflow channels between the
edge of the floodplain and the mainstem and side channels of the Susitna River and
usuallyseparated from the mainstem and side channels byvegditated barsAn
exposed allvial berm often separates the head of the slough from mainstem or side
channel flows.The controlling streambed/streambank elevations at the upstream end of
the side sloughs are slightly less than the water surface elevations of the mean monthly
flows of the mainstem Susitna River observed for June, July, and Augjust.
intermediateand lowflow periods, the side sloughs convey clear water from small
tributaries and/or upwelling groundwater (Estes et al. 198hgse clear water inflows
are essential edributors to the existence of this habitat tyfdwe water surface
elevation of the Susitna River generally causes a backwater to extend well up into the
slough from its lower end (Estes et al. 198&Yy.en though this substantial backwater
exists, the lpughs function hydraulically very much like small stream systems and
several hundred feet of the slough channel often conveys water independent of mainstem
backwater effectsAt high flows the water surface elevation of the mainstem river is
sufficient b overtop the upper end of the slough (Estes et al. 188irface water
temperatures in the side sloughs during summer months are principally a function of air
temperature, solar radiation, and the temperature of the local runoff.

A Upland slough habitatdiffers from the side slough habitat in that the upstream end of
the slough is not interconnected with the surface waters of the mainstem Susitna River or
its side channels at less than bankfull flow$ie upstream end can be vegetated with
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mature trees,ldoough a morphologic signature of a converging inlet and gravel levee

closure can still be discerne@hese sloughs are characterized by the presence of beaver

dams and an accumulation of silt covering the substrate resulting from the absence of
mainstenmscouring flows.They ar e not truly Auplando i n t
use of this nomenclature in the 1980s studies reflects the observation that the

understanding of floodplain and channel forming processes was in the early stage in

fisheries, wiere some variation in interpretation existed over what constituted a

floodplain versus an upland terrace (e.g., see Williams 1%&®&entially, the main

di stinguishing characteristic between a 0@is
level of high fow at which each was engaged.

A Tributary habitat consists of the full complement of hydraulic and morphologic
conditions that occur in the tributariesheir seasonal stream flow, sediment, and
thermal regimes reflect the integration of the hydrologylaggoe and climate of the
tributary drainage.The physical attributes of tributary habitat are not dependent on
mainstem conditions.

A Tributary mouth habitat extends from the uppermost point in the tributary influenced
by mainstem Susitna River or slouglckaater effects to the downstream extent of the
tributary plume that extends into the mainstem Susitna River or slough (Estes et al.
1981).

A schematic of these types of habitats as applied in the 1980s studies is deftadi. 1-1.
Thesecategories were also usky Trihey and Associates as parimgtream flow modeling
studiesfor the Middle river{Aaserude et al. 1985).

3.1.2. Lower River Stratification and Classification

Because of the increased channel complexity, a three tiered appraaubkesdor stratification

of the Lower River. This consisted of River Segment, Channel and Island Complexes, and
Macrohabitat types (R&M Consultants et al. (R&d Trihey & Associate$985). In terms of
River Segments, the Susitna River was dividedfissegments based on river morphology

and hydrologyR&M and Trihey & Associates 1985 These segments included breaks in river
miles as follows: Segment 1: RM 98.5 to RM 78; Segment 2: RM 78 to RM 51; Segment 3: RM
51 to RM 42. 5; Segment 4: RER.5 b RM 28.5; and Segment V: RM 28.5 to RMsB€ Figure

2.1 inR&M and Trihey & Associates 1985

Within each River Segment, two primary classifications were made consisting of Mainstem
Channel and Side Channel complexes with each of these further dividéke following sub
classifications:

A Mainstem Channeli subclassified into: 1: Mainstem river consisting of mainstem
channel and main subchannels; and 2) Alluvial channel complexes consisting of areas of
broad gravel islands with numerous subchanimelsdewater as flows decrease; and

A Side Channel Complexe$ subclassified into 1) Major side channels that were
designated in the 1980s studies as channels overtopped at mainstem flows of 13, 900 cfs
(the flow considered as the low winter flow duringjpot operations (based on 1980s
project designfthese channels may collect groundwater seepage and tributary flow); 2)
Intermediate side channels that were distinguished based on the magnitude of the
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mainstem flows in which the side channels dewater3amdinor side channels that

become dewatered over their entire length at flows of 36,600 cfs (the flow considered
transitional natural flow and project operation flow during May and September (based on
1980s project desigriR&M and Trihey & Associates 153.

With respect to habitat types, a slightly different classification procedure was used that consisted
of eight general categories of which three (mainstem, side slough, and tributary mouth) were
common with the MiddI&iver categories. These categsneere described in R&M et al.

(1985) as follows:

A i Mai nst e mcomsiating of tieetthalweg channel, major subchannels, major
subchannel s and alluvi al i sland compl exeso
areas that were generally consideredafir e pr e s e R&Vaand Tviney & r e as 0 (
Associates 1985

A Primarysidechannelsc onsi sting of fdthose channels whi
t hroughout tR&M and Trihely & Assogiates 1985 Tese side channels
exhibit characteristicamilar to Middle river habitat types and are characterized by
glacially induced turbid water, high water velocities & mid-channel bars.

A Turbid backwater habitats consisting of nonbreached channels containing turbid water.
These habi tvagetated bpper thalwegs ohat are overtopped during periods of
moderate to high mainstem dischargeo and r
breached secondary side channel habitats and nonbreached Clearsideslmugh
habi R&aM andTrihgey & Associates 1985

A Clearwater habitatsc onsi st i ng of i contaningclea wateetidat c hann e |
dewater completely at a mainstem discharge of 13,900 cfs or higher. These channels
have norvegetated upper thalwegs that are overtopped dparigds of moderate to
high mainstendischarge.Groundwater and local surface runoff appear to supply water
to these areas at mai R&M aadTrifey SoAssociaeb ove 13,
1985

A Side slough habitatsconsisting of clear water areas that aupplied via a mixture of
groundwater (upwelling) and local surface runoff. These clear water areas exist up to
mainstem flows of 13,900 cfR&M and Trihey & Associates 1985 Similar to the
Middle river, the side sloughs have reegetated upper thaegs that are overtopped at
moderate to high mainstem discharges.

A Tributary mouth habitats consi sting of fd@Aclear water habi
downstream extent of a cleamter plume and upstream into the tributary, to the upper
extent of the baakater influence. The surface area depends on the discharge of both the
tributary &R&ManthEihey & Assoaidies 1985

A Tributary habitats consisting of areas upstream of the tributary mouth habitat. This
habitat type was designated in theass River recognizing that tributary habitats may
increase dramatically when tributary flows into nonbreached side channel (side slough)
habitats and clear water tributary flows extend through the side channel to join the
Susitna RiverR&M and Trihey & Asociates 1985

Duringthe 1981 and 1982tudies side sloughs and side channels were distinguished primarily
on their morphology.Side sloughs includes noted abovedn unvegetated berm at the head of
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the slough and were rarely overtoppéa.contrat, a side channel conveyed mainstream flow
during most of the yearDuring 1983 and following years, if a berm was overtopped and a
channel conveyed mainstem flows it wasncharacterized as a side chanfialigan et al.

1984). If the berm was not ovepped it was characterized as a side slogdnsequently,

during the latter years of the 1980s Fish and Aquatic Program an area may have been
characterized as a side channel during periods of high flows and a side slough during periods of
lower flows’.

3.1.3.  Study and Sample Sites

Specific sites chosen for completion of the various studies by ADF&G between 1981 and 1985
varied from year to year and study to stuttygeneral, sampling was relatively broad during

1981 and 1982, and more focused during 1983 to 1986.1981 Aquatic Habitat Studies were
focused on OFi shery Habitatd evaluations and
The Fishery Halbat evaluations collected point information on observed fish habitat use and
general habitat evaluations (water quality, hydrology, and mappirt.Selected Habitat

evaluations collected water quality, discharge, and mapping information at selectgd slou

between Talkeetna and Devils Canyon.

A total of 5 river reaches were delineated and 8 to 13 representative study sites were selected in
each, without consideration of proportional sampling or optimal allocation (e.g., see Cochran
1977). These included the following:

A Yentna Reach (Cook Inlet to Little Willow Creek; RM 050.5): 13 sites

Sunshine Reach (Rustic Wilderness to Parks Highway Bridge; RM&®B5): 10 sites
Talkeetna Reach (Parks Highway Bridge to Curry; RMi832D.7): 11 sis

Gold Creek Reach (Curry to Portage Creek; RM 1i2118.8): 12 sites

A Impoundment Reach (Devils Canyon to Denali Highway; RM 281): 8 tributaries

L > >

With few exceptions, the sites sampled for aquatic habitat studies were the same as those
sampled under sident and juvenile anadromous fish studies in 1981 and 1%8&ction of

specific sampling sites wamt based upon stristatistical sampling designInstead, sites were
selected that wereonsidered representative of each reach, and were baseid/eflyeon where

fish were found.This basis was carried forward in subsequent ydaos.example, in 1982,

habitat information was collected where spawning fish were located within the mainstem Susitna
River downstream of Devils Canyon (tributary/magmstconfluence areas and sloughs were not
sampled).Only spawning sites for chum salmon were observed in the mainstem, which led to
the identification of eight mainstem spawning locations between Lane Creek (RM 113.6) to
Devils Canyon.

Information on thalistribution and abundance of juvenile and resident fish was also important to

the Aquatics Study Progransampling for juvenile and resident fishes from November 1980

through mid Octobet981 included a wide range of sites and sampling technidgyedune of

1981, the Aquatic Studies Program had settl ed

2 This naming convention is not being applied to the 2013/2014 studies. Rather, side sloughs will remain side
sloughs even if breached via main channel flow.
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| ocations, 0 that were the focus of sampling d
During the winter of 1980 to 1981, 29 of the habitat locations samgpled, plus an addition 48

Asel ected fish habitat siteso Anbnadrstamdngod descr
habitat utilization by juvenile anadromous and resident fish was developed as part of more

focused studies during 1982, 1983, 48&4. During 1982, 17 sites referred to as Designated

Fish Habitat (DFH) sites were surveyed twice monthly from June through September during the
open water season (Estes and Schmidt 198Bgse sites were selectiealsed upon four criteria

(Estes and Sunidt 1983; ADF&G 1983):

1. Areas that will be affected by changes in discharge of the mainstem Susitna.

2. Sites identified from previous studies to have significant populations of resident and
juvenile anadromous species.

3. Access to areas will not create sevégistics problems and limit the overall scope of
the studies.

4. Sites selected represent a cresstion of critical areas available to resident and juvenile
anadromous fish of the Susitna River.

Twelve of these sites were located in the Middle River 8kéris Creek and Slough to Portage
Creek Mouth) and five were located in the Lower River (Goose Creek and Side Channel to Birch
Creek and Sloughrable 3.11; Figure 3.12).

Habitat zones were delineated within each DFH site based upon the influencestémdiaw,
tributary flow, and watevelocity (Table 3.12; Figure 3.13). Because the zones were based

upon flow characteristics, the size of the zones may have varied from survey to As\Et

of the statistical analysis the nine zones were agtgdgnto Hydraulic and Water Source Zones
(Table 3.13). In additionto statistical tests to determine associations between fish species catch
per unit effort and aggregate hydraulic and water source zones, tests were also run to examine
correlations beteen catch per unit effort and habitat variables including water temperature,
turbidity, and velocity (Schmidt and Bingham (1983, Appendix &)arge number of sites (275
mainstem sites and 55 tributary and other slough sites) called Selected Fish Habitat (SFH) sites
were also sampled in 1982, libese sites were usually sampled less frequently (1 to 3 times)
and more opportunistically than BiFsites.

During 1983 and 1984, studies were focused on obtaining information needed for developing
instream flow models under the Anadromous Habitat (AH) component and sampling was
coupled with obtaining additional distribution and abundance informatisiredefor the
Anadromous Juvenile (AJ) component (Schmidt et al. 1984, Suchanek et al. TB83%hstream

flow models include Resident Juvenile Hab{RIHAB) and Instream Flow Incremental
Methodology (IFIM) modelsnd Direct Input Habitat (DIHAB) modeldeveloped by Trihey and
Associates (Hilliard et al. 198%nore information concerning these models is provided in
Section 8) As before, sites were selected based on where fish were f@umohg 1983, 32

sites (11 tributaries, 3 upland sloughs, &stbugh/channel, 6 side channel, 4 side slough) were
sampled in the reach from Talkeetna to Devils Canyon for fish distribution, and 13 sites were
modeled by ADF&G with either the RJHAB (2 upland sloughs, 2 side channel/ sloughs, 1 side
slough, 1 side chmnel) approach or IFG approach (3 side slough/channels, 1 side slough, 3 side
channels)see Appendix3). The 13 modeled sites were chosen based upon observations of large
numbers of spawning salmon or concentrations of juvenile salmon during 1981 2@nstudi8s
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(Dugan et al. 1984)They were also selected as being representative of the habitat types present
between the Chulitna River and Devils Canyon likely to be affected by changes in mainstem
flow from the proposed project (Dugan et al. 1984; Mdrstal. 1984).

Sampling in 1984 focused on main channel margins, side channels, side sloughs, and tributary
mouth habitats in th®liddle andLower River segments between RM 147.1 and 3®Rring
1984, crews sampled three types of study sites:

A RJHAB sies (16 sites)

A IFG sites (6 sites)

A DIHAB sites (14 sites)

A Opportunistic sites (31 sites)

Opportunistic sites were sampled only once to expand the understanding of juvenile and resident
fish distribution (Suchanek et al. 1985).

Instream flow modeling of spawng habitat was conducted for chum and sockeye salmon at
mainstem margin, side channel, upland slough, and side slough habitatNyqukded sites

were considered to represent the range of spawning conditions for sloughs and side channels
present in thenainstem between the Chulitna River and Devils Canyoraddition, instream

flow studies were performed to describe juvenile Chinook hatbitatresponses within

mainstem margins, side channels, side sloughs, and upland sloughs of the middlehaver.
modeling studies relied effectively on the habitat classification, and manipulations thereof, for
stratifying and extrapolating model results from sampled sites to larger study reaches (Steward et
al. 1985; Ashton and Klingefingsley 1985; and KlingeKingsley et al. 1985)The overall
approach proposed for the extrapolation process was described in Aaserude et al. (1985) and
consisted of methods for both single thread and maeltiplead portions of the rivesele Section

8). However, project funding/as curtailed in 1985 and the approach was never implemented.

The 1983 open water studies for fish included 35 study sites (called Juvenile Anadromous
Habitat Study or JAHS sites) in the lower Middle River while the 1984 studies included 20 sites
in the Lowver River (Table 3.14). Macro habitat types included in the study were those

described above (i.dributary, upland slough, side slough, and mainstem side channel).
Rationale for sites selected for study included (Dugan et al. 1984):

1. Sites whereelatively large numbers of spawning adult salmon were recorded in 1982
(ADF&G 1982),

2. Sites where concentrations of rearing juvenile salmon were observed or collected in
1981 and 1982, and

3. Sites representing macrohabitat types associated with the SusiaraHat are affected
by changes in mainstem flow.

In addition to the combined AH and AJ sampling efforts, studies were implemented to better
understand juvenile salmon outmigration and growth (Roth et al. 1984, Roth and Stratton 1985),
resident fishdistribution and abundance (Sundet and Pechek 1985), river productivity (Wilson
1985, Nieuwenhuyse 1985), and invertebrate food sources for Chinook salmon (Hansen and
Richards 1985).
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The 1983 and 1984 JAHS sites were sampled in a systematic fashion wikidegjmeated at
each site (Dugan et al. 1984, Suchanek et al. 1986}escribed in Dugan et al. (1984) and
depicted in Figure 3-4:

AEach of the study sites Gruidsweralocatedded 1 nt o
to keep water quality (temperaturerhidity) within the site as uniform as

possible and to encompass a variety of depth, velocity, cover, and substrate types.

Each grid consisted of a series of transects which intersected the channels of the

study sites at right angles here were one tditee cells (6 ft. in width by 30 ft. in

length = 300 sq. ft.) at every transect within the grikh attempt was made to

confine uniform habitat within each celish were usually sampled from a

minimum of seven cells within each grid at each site.

The @lls were selected to represent the complete range of habitat types available
within the grid. Fish density was estimated by electrofishing or beach seining the

entire cell, attempting to capture all fiskCatch per unit effort (CPUE) was
definedasthe at ch (number of fish) per cell . 0

The analysis utilized the percent distribution of each salmon species among the four
macrohabitat types sampled as the evaluation meinelysis of variance (ANOVA) techniques
were used to discern factors affecting tathiise by théifferentjuvenile salmon speciedn

addition to site and sampling period, the factors collected in each cell following fish sampling
included mean water depth, mean water velocity, mean percent cover, water temperature, and
turbidity. Depth, velocity, and cover measures were averaged over the entire site because the
cells were not randomly distributed.

3.2. Susitna-Watana Hydroelectric Project 2013-2014 Studies:
Stratification and Study Site Selection

Review of the process and methodologigsliad in selecting study and sample sites during the
1980s StHydro studies provided a good foundation of information that factored directly into
development of the stratification and study site selection for the resource studies associated with
the Susitai Watana Project. That process was described in RSP Section 8.5 and restated with
some moadification in a Technical Memorandum provided to the FERC on March 1, 2013 (R2
2013). For convenience, and for comparison with the 1980s studies, salient poftthesTM

(R2 201d) are presented below.

3.2.1. River Stratification and Classification

As noted in Section 3.1udng the 1980s studiemd in consideration of the twadam

configuration the Susitna River was afacterized into three segments, an Upper segthat
extended above the Devils Canyon Dam @deer dam) a Middle segmergxtendingirom the

lower dam site to the Three Rivers Confluence, and a Lower segment that extended down to
Cook Inlet gee Section 3.1)Thecurrently propose&usitnai Watana Dam project entads

single dam configuration at the Watana Dam sifeRi¥1 187.1 Therefore, although the river

was again stratified into three segments, the segment start and end locations differ from those
specified in the 1980s. this case, th&Jpper Rver Segment represents that portion of the
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watershed above the Watana Dam’sitd®RM 187.1 RM 184), aMiddle RiverSegment

extendng from PRM 187.1downstream to the Three Rig&Zonfluence aPRM 102.4, and a

Lower RiverSegmentextendng from theThree Rivers Confluende Cook Inlet PRM 0)
(Figure3.2-1),. From annstream flow perspective, the study area at issue wigecés$o the
SusitnaWatana Project operations and flow regulation effects consists of the Middle and Lower
River segments.

The Middle River Segment represents the section of river below the Project dam that is projected
to experience the greatest effeatslow regulation caused by Project operations. Within this

reach, the river flows from Watana Canyon into Devils Canyon, the narrowest and steepest
gradient reach on the Susitna River. The Devils Canyon constriction creates extreme hydraulic
conditionsincluding deep plunge pools, drops, and high velocities. Downstream of Devils
Canyon, the Susitna River widens but remains essentially a single main channel with stable
islands, numerous side channels, and sloughs.

The Lower River Segment receives inmfidrcom three other large river systems. An abrupt,
largescale change in channel form occurs where the Chulitna and Talkeetna rivers join the
Susitna River near the town of Talkeetna in an area referred to as the Three Rivers Confluence.
The annual flowof the Chulitna River is approximately the same as the Susitna River at the
confluence, though the Chulitna contributes much more sediment than the Susitna. The
Talkeetna River also supplies substantial flow rates and sediment volumes. Farther downriver,
the Susitna River becomes notably more braided, characterized by unstable, shifting gravel bars
and shallow subchannels. The Yentna River is a large tributary to the Lower Susitna River and
supplies about 40 percent of the mean annual flow at the mbikte Susitna River.

Contemporargeomorphic analysis of both the Middle River and Lower River segments
confirmed the distinct variations in geomorphic attributes (e.g., channel gradient, confinement,
channel planform types, and others) (see RSP Se&tymand resulted in the classification of

the Middle River Segment into eight geomorphic reaches and the Lower River Segment into six
geomorphic reaches (see FiguresBlmand 8.512 of RSP Section 8)6 These reaches were
incorporated into a hieraratdl stratification system that scales from relatively broad to more
narrowly defined categories as follows:

Segment Y Geomorphic Reach Y Mainstem H
Main Channel Mesohabitat Types Y Edge

The highest level category is termed Seghand refers to the Middle River Segment and the
Lower River Segment. The Geomorphic Reach level is next and consists of the eight reaches
(MR-1 through MR8) for the Middle River Segment and six reaches-{LiRrough LR6) for

the Lower River Segmentgs RSP Section 6.5.4.1.2.2 and RSP Section 8.5 Table 8.5 4). The
geomorphic reach breaks were based in part on the following five factors: 1) Planform type
(single channel, island/side channel, braided); 2) Confinement (approximate extent of floodplain,
off-channel features); 3) Gradient; 4) Bed material / geology; and 5) Major river confluences.

This level is followed by Mainstem Habitat Types, which capture the same general categories
applied during the 1980s studies but include additionatsatggores to provide a more refined
delineation of habitat features (see RSP Section 8.5 Table 8.5 5). Major categories and sub

% The Watana Dam sitwas the upper dam proposed as part of tHdy®siio Project.
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categories under this level include: 1) Main Channel Habitats consisting of Main Channel, Split
Main Channel, Braided Main Channeld8iChannel; 2) Ofthannel Habitats that include Side
Slough, Upland Slough, Backwater and Beaver Complexes; and 3) Tributary Habitats that
consist of the segment of the tributary influenced by mainstem flow. The next level in the
hierarchy is Main Chanhand Tributary Mesohabitats, which classifies habitats into categories
of Cascades, Riffle, Pool, Run, and Glide. The mesohabitat level of classification is currently
limited to the main channel and tributary mouths for which the ability to delineste fésstures

is possible via aerial imagery and videography. Mesohabitat mapping in side channel and slough
habitat types will require ground surveys, planned to begin in 2013. The last level in the
classification is Edge Habitat and is intended to pmwad estimate of the length of shoreline in
contact with water within each habitat unit. The amount of edge habitat within a given habitat
unit will provide an index of habitat complexity, i.e., more complex areas that consist of islands,
side channelste. will contain more edge habitat than uniform, single channel areas.

Overall, the goal of the stratification stiEp the 20132014 studiesvas to define
segments/reaches with effectively similar characteristics where, ideally, repeated replicate
samplng would result in parameter estimates with similar statistical distributions. The
stratification/classification system described above was designed to provide sufficient
partitioning of sources of variation that can be evaluated through focused stutly tiit target
each of the habitat types, and from which inferences concerning hibwatesponses in
unmeasured sites can ultimately be drawn.

3.3. Selection of Study Areas/Study Sites

In general (as noted by Bovee 1982), there are three characsp@tiaches to instream flow
studies that pertain to site selection thatexeonsidered for application fure SusitnaWatana
Project. These included representative sites/areas, critical sites/areas, and randomly selected
sites/areas.

3.3.1. Representative Sites

Representative sites are those where professional judgment or numerically and/or qualitatively
derived criteria are relied on to select one or more sites/areas that are considered representative
of the stratum or larger river. Representative sitesajly contain all habitat types of

importance. In general, the representative site approach can be readily applied to simple, single
thread channel reaches, where the attributes that are measured are extrapolated linearly based on
stream length or aredn this case, the goal of stratification will be to identify river segments that
are relatively homogenous in terms of mesohabitat mixes, and the methods used for stratification
tend to be classificatiehased. This approach typically requires completimmge form of

mapping up front, and using the results to select sites that encompass the range of habitat
conditions desired. The results of such habitat mapping were not available during the initial
study site/area selection, but since then, the resiulkse habitat mapping have been completed

and analyzed and are reportedR22013.

3.3.2. Critical Sites

Critical sites are those where available knowledge indicates that either (i) a sizable fraction of the
target fish population relies on that location, &i particular habitat type(s) is (are) highly
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important biologically, or (iii) where a particular habitat type is well known to be influenced by
flow changes in a characteristic way. For example, in the case of the Susitna River, historical
fish studiegepeatedly showed the importance of certain side slough, upland slough, and side
channel areas for spawning and juvenile rearing. Critical sites or areas are typically selected
assuming that potential Project effects to other areas are secondary ioftenpiscations to

fish population structure, health, and size. This assumption can only really be tested if other sites
are identified that are similar looking but were not deemed critical, and sampling is performed on
those sites as well to confirm thetical nature of the sites that were identified as such.

3.3.3. Randomly Located Sites

Randomly located sites are those sites, areas, or measurement locations selected randomly from
each defined stratum or habitat type, and replicate sites orsgossns a sampled to estimate
variance (e.g., Williams 1996; Payne et al. 2004). Site selection based on random sampling
tends to involve statistical multivariate grouping or stratification approaches, such as cluster
analysis or ordination techniques. The applois the least subject to potential for bias, because

it relies on distinct rules and algorithms. However, the approach becomes increasingly difficult
to apply in site selection when the sites become more complex, such as is the case on the Susitna
River. In addition, the number of sites will be contingent on the variability within the universal
data set: the greater the number of clusters, the greater the potential number of sites. Strict
random sampling is therefore not likely applicable for evahgatiff-channel habitats and

sloughs where the morphology of multiple channels varies substantially and in complex ways
within and across sites.

3.3.4. Focus Areas and Study Sites i Middle River Segment

The concept of Ai nt en s iduriagasSeptemiber Tachnical ¥orkgnowps 1 nt
Meeting (TWG)and discussed relative to sampling the Middle River Segment. This concept
evolvedfrom the realization that a prerequisite to determining the effects of Project development
and operations on the Susitna Riigthe need to first develop an understanding of the basic
physical, chemical and ecological processes of the river, their interrelationships, and their
relationships with flow. Two general paths of investigation were considered, 1) process and
resourcespecific and 2) process and resource interrelated. Under the first, process and resource
specific, studies would focus on determining relationships of flow with specific resource areas
(e.g., water quality, habitat, ice, groundwater) and at specifitidosaof the river without

considering interdependencies of other resource areas at different locations. Under the second,
process and resource interrelated, studies would be concentrated at specific locations of the river
that would be investigated acsosesource disciplines with the goal of providing an overall
understanding of interrelationships of river flow dynamics on the physical, chemical, and
biological factors that influence fish habitat.

Because the flow dynamics of the Susitna River are @mijp was reasoned that concentrating
study efforts across resource disciplines within specific locations would provide the best
opportunity for understanding flow interactions and evaluating potential Project effects and
therefore major emphasis wasqed on selecting those areas, which were termed Focus Areas
(FA). However, it was also reasoned that there will be a need to collect information and data
from other locations to meet specific resource objectives. As a result, the studgasite/a
selection process presentaudthe RSRSection 8.5pertaining to théMiddle River Segment
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represented combinatiorof both approaches and resulted in the identification of festhat
are described in Tab®3-1 and displayed in Figures3-1 to 3.3-11.

Comppsition wise, the FAs contasombinationsf different habitat types and features as
characterized according to the hierarchical classification system noted aliw/EA concept
represents a combination of all three of the study site selection melbsxtthed above,

inasmuch as (1) the areas would contain habitat types representative of other areas; (2) the areas
would include certain habitat types repeatedly used by fish and therefore can be considered
Acriti,@adandrEa)s s a mptdtieatuges a mesahabitat tgpesrwithim ahe areas
would be best approached via random sampligomparative analysis of the habitat types
present within each of the FAs compared to habitat types outside of FAs was completed and
indicatal that the terFAs are generally representative of habitat types foarmdher portions of

the river gee Section 3.1.1 of R2 204)3 Analysis of the FAs from the riparian perspective
confirmed theepresentativeness eight of the areas for analysis, with a furtheer review
resulting in selection of five FAs for final riparian investigation (see Section 3.1.2 of R2 2013).

In addition to the FAs in the Middle River, a number of other study sites have been identified
that are specific to the goals and objectivegdithérent resource investigatiofsee Fisheries

(RSP Section 9.6, 9.8, and 9.9), Groundwater (RSP Section 7.5), Geomorphology (RSP Section
6.0), Ice Processes (RSP Section 7.6), and Water Quality (RSP Section 5.0).

3.3.5.  Study Sites i Lower River Segment

Application of an FA approach to sampling the Lower River Segment was deemed unfeasible
given the channel complexity, size, and inherent changing nature of the channel morpAslogy.
a result, study areagere tentatively identified bjx E A 0 s -disciplinagyrteamincluding
representatives from geomorphology, instream 4lislv, instream flowriparian, and

groundwater. One area was selected in each of the geomorphic reachesidl RR2 to

describe the mix of thalweg channel, major subchannels, allsiaald complexes, side channels
and sloughs observed in aerial photos of the Lower Fieggmenthannel. The area around
Trapper Creek near PRM 94.5 was selected as representative of the habitat typégguiRe
3.312), and the area around Caswele€k near PRM 67 was selected as representative of
habitat types in LR2 (Figure3.3-13). Study sites proposed for fish sampling, groundwater, and
riparian studies are depicted in Fig3t8-14 in 2013. The SusitR#/atana studies have been
founded aroundn adaptive management framework such that the résartighe 2013 studies

for the Lower Susitna River Segmenitl provide a basis for assessing the need to perform
further data collection and analysis in 2014.
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4. TECHNICAL MEMORANDUM i SUMMARY OF FISH
DISTRIBUTION AND ABUNDANCE STUDIES CONDUCTED
DURING THE 1980S SU-HYDRO PROJECT

One of the primary objectives of the aquatic investigations completed for the 19803sliBu
Project was to determine the distribution and abundance of both anadromous amd fiskid
species in the Susitna Riverhis information was considered essential for understanding how
project operations may affect different species over space andAisreresult, a substantial
effort was expended over a five year period (298B5 conducting studies concerning the
distribution and abundance of fish.

This TM summarizes salient information concerning those studies and includes a discussion of
methods used, study sites sampled and general results on a species basis. The TM is
compkmentary to the fish data synthesis document prepared by R2)2¢18h should be

referred to for more detailed information on the 1980418dro fish studies

4.1. Summary of Methods Used

Information on the distribution and abundance of anadromoueeaittent fish species in the

Susitna River was collected using a variety of methods deployed at selected locations from the
mouth of the river to the Oshetna River (RM 226.9) and within selected tributaries. Escapement
and distribution of adult salmon dog the 1980s Aquatic Studies Program was primarily based
upon three sampling techniques:

A Fishwheels and sonar
A Spawning surveys
A Radio tracking

Floy spaghetti tags or Petersen disc tags were used to study fish movements and to estimate
escapement using Peten estimation techniques. Adult periodicity information is primarily
available from fishwheels and Bendix sonar stationed at a number of locations in the mainstem
Susitna River and in the Yentna River (Table )1 Stations were generally deployecearly

to mid-June and fished through eartg midcAugust. Spawning surveys occurred annually by
foot, raft, airplane, or helicopter. Radio tracking of adult Chin@kcorhynchus tshawytscha
coho(O. kisutch, and chum salmo¢O. ketg occurred in 181 and 1982 and was used to

identify spawning and holding locations and better understand migration rate& (AD$81,
ADF&G 1982). The number of salmon tracked within a species and year was 18 or fewer fish
(Table 4.12). Length information was obtained from a subsample of salmon captured at the
fishwheels and scales removed to determine the age structure of returning adults and the age at
ocean entry.

Sampling for jivenile salmon and resident fish included a wide range of sampling techniques
that included beach seine, dip net, boat and backpack electrofishing, drift gill nets, set gill nets,
minnow traps, trot lines, fyke/hoop nets, and hook and line. Effort exgdaydeach gear type

varied from year to year and by sampling site. Beach seines, minnow traps, trotlines, and boat
and backpack electrofishing were the most commonly used gear for most sampling sites. Hook
and line was the primary method for capturingthr grayling (Thymallus arcticuksin

tributaries of the Upper Susitna River. Similar to adult salmon, captured resident fish were
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commonly tagged with Floy spaghetti or anchor tags to determine fish movements, growth, and
estimation of population sizeburing 1984 and the winter of 198386 juvenile Chinook and

coho salmon were marked with cold brands or tagged with coded wire tags (CWT) to study
tributary outmigration, overwintering habitat use, and population estimation (Schmidt et al.
1985, Strattori986). Radio tracking occurred on rainbow tr@it mykis¥, burbot(Lota lota)

and Arctic grayling to identify spawning areas and movement patfEafée(4.12). Fish

sampling during winter primarily used trotlines and minnow traps, with occasional use of
backpack electrofishing, gill nets, and fyke nets in open lelaeisgth information was obtained
from a subsample of fish captured and scales removed to detaagerstructure.

Outmigration timing of juvenile salmon was monitored each year from 1982 to 1985 using

incline plane traps (Schmidt et al. 1983, Roth et al. 1984, Roth and Stratton 1985, Roth et al.
1986). Traps were deployed shortly afterade(mid-May to midJune) and fished until early

to mid-October Table 4.13). Locationson the mainstem Susitna River included fixed traps

near Flathorn Station (one two traps at RM 22.4 and 24.6) and at Talkeetna Station (two traps

at RM 103) and deployment of a mobile trap that sampled along a cross sectional transect at RM
25.4 near Flathorn.

4.2. Study Site Locations

In general, resident and juvenile (RJ) studies were Hoaadd during 1981 and 1982 with the
widest geographic scale and sampling methods. Sampling in the Susitna River upstream of
Devils Canyor(i.e., Reach 1pnly occurred during 1981 and 1982, whigerpling occurred
downstream of Devils Canyon during 1981 through 1985. As the Aquatic Studies Program
progressed, studies became more focused on acquiring specific information needs for habitat
modeling and acquisition of specific biological data. Ini@aid the results of 1981 and 1982
sampling led to conclusions regarding fish distribution and hypotheses about habitat utilization
that led to more intensive sampling at fewer sites with known fish use and a reliance on fewer
sampling techniques that hddmonstrated effective fish capture success within habitats and
field conditions found in the river.

Sampling for juvenile and resident fish from November 1980 through mid Oct®Bar

included a wide range of sites. By June of 1981, the Aquatic Stehgsam had settled on 39
areas in the Lower and | ower Middle Susitna R
were the focus of sampling during the open water period (Delaney et al. 1981a, 1981b). During

the winter of 1980 to 1981, 29 of thebitat locations were sampled, plus an addition 48

Asel ected fish habitat siteso that were descr
habitat utilization by juvenile anadromous and resident fish was developed as part of more

focused studies dimg 1982, 1983, and 1984. During 1982, 17 sites referred to as Designated

Fish Habitat (DFH) sites were surveyed twice monthly from June through September during the
open water season (Estes and Schmidt 1983). Twelve sites were located in the Middle Rive
(Whiskers Creek and Slough to Portage Creek Mouth) and five were located in the Lower River
(Goose Creek and Side Channel to Birch Creek and Slough).

During 1983 and 1984, studies were focused on obtaining information needed for developing
instream flommodels under the AH component and sampling was coupled with obtaining
additional distribution and abundance information desired for the AJ component (Schmidt et al.
1984, Suchanek et al. 1985). The 1983 open water studies included 35 study sites (called
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Juvenile Anadromous Habitat Study or JAHS sites) in the lower Middle River while the 1984
studies included 20 sites in the Lower River.

4.2.1. Upper River Study Sites

Fish distribution abundance surveys were conducted in the Upper Susitna River during 1981 and
1982. In addition, aerial Chinook salmon spawning surveys were conducted by helicopter in
selected tributaries and tributary mouths each year from 1981 to 1985. During 1981 surveys
were conducted in five tributaries of the Upper Susitna River: Watana (Rbek90.4), Kosina
Creek (RM 202.4), Jay Creek (RM 203.9), Goose Creek (RM 224.9), and the Oshetna River
(Delaney et al. 1981c). Each stream was surveyed in up to five segments (0 to 500 ft, 1000 to
1500 ft, 2000 to 2500 ft, 2500 to 3000 ft, 4000 to 4§00Trhe lower segments also included
sampling in the Clearwater areas of the mainstem influenced by the tributary outflow. Gillnet
and hook and line surveys also occurred at Sally Lake, which drains to Watana Creek, and hook
and line surveys occurred Deadman Lake. Delaney et al. (1981) indicated that Arctic grayling
were captured in the Tyone River (RM 346.6), but details regarding the location, gear, or
numbers captured were not reported.

During 1982, tributary surveys in the Upper Susitna Riveei@cused on understanding the
distribution and abundance of Arctic grayling in areas that would be inundated by the proposed
reservoir and surveys were conducted over greater distances: Watana Creek (TRM 4.0 to 6.0;
East Fork TRM 8.5 to 9.8, West Fork TR to 10.6), Kosina Creek (TRM 0.0 to 4.5), Jay

Creek (TRM 0.0 to 3.8), Goose Creek (TRM 0.0 to 1.2), and the Oshetna River (TRM 0.0 to 2.2;
Sautner and Stratton 1983).

Mainstem sampling other than the tributary mouths, only occurred during 1982 at seven
mainstem slough areas: Site No. 1 (RM 191.5), Site No. 2 (RM 191.5), Watana Creek Slough
(RM 194.1), Site No. 3 (RM 197.8), Site No. 3A (RM 201.6), Site No, 4 (RM 201.2), and Site
No. 5 (Lower Jay Creek Slough, RM 208.1; Sautner and Stratton 1983)ditiomdSally Lake

was surveyed during 1982.

4.2.2. Middle River Study Sites

During 1981 and 1982, the Middle Susitna River segment upstream of the proposed Devils
Canyon Dam at RM 152 (upper Middle Susitna River) was considered part of the Upper River
and repored along with other Upper Susitna River tributaries in Delaney et al. (1981) and
Sautner and Stratton (1983). Tributaries surveyed by Delaney et al. (1981) during 1981 included
up to five sections in Fog Creek (RM 173.9), Tsusena Creek (RM 178.9), adah&re&reek

(RM 183.4). During 1982 survey distances were Fog Creek TRM 0.0 to 1.3, Tsusena Creek
TRM 0.0 to 0.4, and Deadman Creek TRM 0.0 to 2.7. In addition, Cheechako Creek (RM
152.4), Chinook Creek (RM 157.0), and Devil Creek (RM 161.4) were sampiet) 1982.

No mainstem sites were surveyed in the upper Middle Susitna River during 1981.

Sampling occurred in the lower Middle Susitna River from the Three Rivers Confluence to the
proposed Devils Canyon Dam during each of the years 1981 to 1988dmdise distribution

and relative abundance of adult anadromous spawning fish (AA studies) and resident and
juvenile anadromous fish (RJ studies). Spawning surveys were conducted at Chinook salmon
index streams from miduly through midAugust (ADF&G 198, ADF&G 1983b, Barrett et al.
1984, Barrett et al. 1985, Thompson 1986). For other salmon species all known slough, side

Susitna-Watana Hydroelectric Project Alaska Energy Authority
FERC Project No. 14241 Page 20 March 2013



REPORT 2012 INSTREAM FLOW PLANNING STUDY

channel, and tributary streams known to be used by adult salmon in the Middle River
downstream of Devils Canyon on a weekly basiaggaly started in late July to early August
and ended in mi®Dctober.

The RJ studies component sampled 17 habitat locations during 1981, 13 DFH sites during 1982,
35 JAHS sites during 1983, 24 sites during 1984, and 20 sites in Ta@e @.21). Many of

the sites were sampled during 1984 and 1985 primarily to mark (cold brand) or tag (coded wire
tag) juvenile Chinook or coho salmon that could potentially be reapat incline plane traps
located farther downstream, or were specifically sampled for resident fish. In addition to the
habitat locations and DFH sites sampled in 1981 and 1982, respectively, a relatively large
number of sites called selected fish hat{SFH) sites were sampled opportunistically 3 or fewer
times over the open water season. During 1981 the SFH sites were sampled primarily by
minnow trap and trotline (Delaney et al. 1981c) while during 1982 these sites were primarily
sampled using boaiectrofishing gearHigure 4.21).

During 1984 six lakes with outlets that drain to the lower Middle River Segment were sampled to
determine if rainbow trout were present and whether they use the mainstem Susitna River
(Sundet and Pechek 1985). Thesdudedfour lakes that drain into Fourth of July Creek,

Miami Lake that drains into the Indian River at TRM 4.5, and one unnamed lake that drains into
Portage Creek at TRM 2.3.

4.2.3. Lower River Study Sites

A relatively large number of habitat location sites (@2)ye sampled in the Lower Susitna River

for juvenile and resident fish during 198laple 4.22; Delaney et al. 1981a, b). Sampling effort

in the Lower Susitna Rivevas somewhat lower in 1982 compared to 1981, with 12 DFH sites
sampled twice per month in the open water period from RM 74.8 (RoS&ke Channel) to RM

91.6 (Trapper Creek Side Channel; Schmidt et al. (1983). However, similar to the Middle
Susitna Rier numerous SFH sites were sampled usually one to three times over the open water
period, which did contribute to the understanding of fish distributtegu¢e 4.21). During

1983 resident and juvenile salmon sampling was focused on the Middle Susinarii no

sites were sampled in the Lower Susitna River. Sampling occurred at 20 JAHS sites in the
Lower Susitna River during 1984 and no sites were sampled during 1985.

Sampling specifically for eulachon and Bering cisco occurred during 1982 and 19B&GA

1983b, Barrett et al. 1984, Vincebang and Queral (1984). From May 16 through June 9,

1981, ADF&G (1983) used set gillnets at two sites in Susitna River estuary between RM 4.0 and
RM 4.5 and dip nets and boat electrofishing gear between RM 4thakshwitna River

confluence at RM 61. From May 10 through June 9, 1983, set gillnets were deployed at three
sites between RM 2.3 to RM 4.5 (Barrett et al. 1984). Similar to 1982, dipnets and electrofishing
occurred between RM 4.5 and RM 60 during 1988e gillnet sampling was used to better
understand run timing while the dipnet and electrofishing was used to identify spawning areas
and better understand the extent of upstream migration by spawning eulachon. -Mamgent

and Queral (198 selected @ sites between RM 20.0 and RM 36.5 identified by ADF&G (1983)
as eulachon spawning locations for characterizing spawning habitat between May 23 and May
26, 1983. Measurements included depth, velocity, substrate composition, and water quality.
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4.3. Results
4.3.1. Upper River Studies

Because SusitA@/atana Project flow related effects will not occur above the Watana Dam, the
contemporary instream flow studies (IF8pposedor 20132014 will not be modeling or
sampling in the Upper Rivesde RSP 8.5)Nevertheless, the Upper Susitna River may be a
source of fish that move downstream and use habitat potentially affected by the proposed
Project. Consequently, an understanding of the fish populations present ppireSusitna

River is important.

The only anadromous fish known to pass all three of the riffle barriers within Devils Canyon is
Chinook salmon. The Upper Susitna River fish community has relatively low diversity
compared to the Susitna River downstream of Devils Cariaioi¢ 4.31). TheUpper Susitna
River is dominated by Arctic grayling in tributary streams (Delaney et al. 1981c, Sautner and
Stratton 1983). The resident fish community also includes burbot, Dolly Vésdérelinus

malm3g, round whitefisProsopium cylindraceuhumplack whitefish(Coregonus

pidschiar), longnose suckdCatostomus catostomisnd sculpi{Cottusspp). However, their
distribution and abundance in the mainstem Susitna River is poorly understood because few
surveys have been conducted. Lake troutts® present in some of the lakes draining to the
Upper Susitna River, but relatively few of the lakes have been surveyed (e.g., Sally Lake and
Deadman Lake). During 1981 and 1982 eight tributaries and tributary mouths were surveyed, as
well as Sally Lakend Deadman Lake. The 1982 sampling in tributaries was focused primarily
on developing abundance estimates for Arctic grayling using mark recapture methods and
angling.

4.3.1.1. Chinook Salmon

The distribution of Chinook salmd®. tshawytschpin the Upper Susita River is uncertain
because relatively few surveys have occurred and their abundance is low. However, Chinook
salmon appear to be present to at least the Oshetna River during somEigesesi(31).

Surveys conducted by Buckwalter (2011) during 2808 2011 resulted in the collection of
Chinook juveniles in the Oshetna River (2003 only) and adults (2011) and juveniles (2003) in
Kosina CreekTable 4.32Table 4.3). Surveys conducted during 2012 by helicopter resulted in
the observation of 16 adult Chinook salmon in Kosina Creek (HDR 2013).

4.3.1.2. Arctic Grayling

Arctic grayling(Thymallus arcticuswere captured in all of the tributaries sampledre 4.3

2). Delaney et al. (1981c) reported the capture of 3,313 Arctic grayling during 1981, and Sautner
and Stratton (1983) reported the capture of 4,367 Arctic grayling during 1982. Hook and line
was a very successful capture method in tributary streams duriagah@81982 with a median

catch rate of 6.0 fish per hour and a maximum rate of 23.2 fish per hour.

During 1981, catch rates by anglers were highest for Kosina and Jay ¢tigeke @.32).
Angler catch rates increased from May (6.1 fish per hour) to(8ulyfish per hour) and then
declined in August (4.5 fish per hour) and September (4.0 fish per hour). -gqGdnie analysis
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on the number of fish captured by angling indicated there were significant differences in catch
between the tributaries.

For manysites and sampling periods, hook and line catch rates were somewhat higher in 1982
compared to 1981. During 1982, hook and line catch rates were highest for the Oshetna River
(11.1 fish per hour) and Kosina Creek (10.4 fish per Heigyre 4.32). Catd rates were

highest in July (12.8 fish per hour) and August (13.4 fish per hour).

Observations of spent Arctic grayling with frayed fins during late May and early June suggested
that most spawning had already been completed; however two ripe maleollested on May

22 (Delaney et al. 1981c). Based upon this information and experience from other areas,
Delaney et al. (1981c) suggested that Arctic grayling spawning likely occurs duri#gplateo
mid-May. Arctic grayling fry and Age 1+ were obsedvin the slough near Jay Creek. Fry were
20 to 22 mm in June, 24 to 45 mm in July, and 47 to 60 mm in September. Age 1 Arctic
grayling were 54 mm in May, 75 to 95 mm in June, and 84 to 98 mm in July.

In 1981, Floy tags were attached to 2,511 Arctic lgngyand 268 tagged fish were recaptured
(Delaney et al. 1981c). In 1982, 3,560 Arctic grayling were tagged and 350 tagged fish were
recaptured (Stratton 1983). Population sizes were estimated using the Schnabel method from the
markrecapture data withtatal upper Middle and Upper Susitna River estimate of 10,279 fish

with a 95 percent confidence interval of 9,194 to 11,654 Tighle 4.33Table 4.3). Total

Arctic grayling population size during 1982 was 16,346 fish (Sautner and Stratton (1983). In the
Upper Susitna River, Arctic grayling abundance was highest in Kosina Creek and lowest in
Goose Creek. Tagged Arctic grayling moved around considerably (Delbaleyl881c, Sautner

and Stratton 1983). In 1981, 243 fish were recaptured within the same tributary in which they
were tagged. Of these fish, 50 moved up to 2 miles downstream and 69 fish moved up to 12
miles upstream. Approximately half (124 fish)tbé recaptured tagged fish remained at the

tagging location, and nine percent were recaptured in a tributary or tributary mouth different

from the tagging location. The longest movement was 34.5 miles from Goose Creek to Watana
Creek. During 1982, Arcticgrayling tagged in tributaries made movements of up to 30.2 miles,

and similar to 1981, a substantial proportion of the recaptured fish (12.0 percent) were recaptured
in a different stream than tagged (Sautner and Stratton 1983).

In 1982, relatively few Actic grayling were captured at mainstem sites (Sautner and Stratton
1983). Among the seven mainstem slough sites that were sampled, only 21 Arctic grayling and,
and all were captured at the Watana Creek Slough. Sampling in Sally Lake resulted in the
capure of 42 Arctic grayling.

4.3.1.3. Dolly Varden

Dolly Varden(Salvelinus malmawere present in the Upper Susitna River (Delaney et al. 1981c,
Sautner and Stratton 1983), but relatively uncommon compared to Arctic grayling. No Dolly
Varden were captured in thegper Susitna River during 1981. Sautner and Stratton (1983)
captured a total 16 Dolly Varden at five of the upper Middle and Upper tributaries sampled
during 1982 and three of the tributariégatana, Jagreeks and upper Deadman creglgere in

the Uppe Susitna River All of the Dolly Varden captured during 1982the Upper Susitna

River were small (120 to 205 mm) and considered stunted.
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4.3.1.4. Burbot

Burbot(Lota lota) were present throughout the mainstem Upper Susitna River to at least the
Oshetna River (Blaney et al. 1981c, Sautner and Stratton 1983). Delaney et al. (1981) captured
88 burbot immediately upstream or downstream from the mouth of tributaries. During 1981,
CPUE was not reported by each period and site. However, the overall monthly CRE& ran
from 0.5 burbot per trotlinday in June to 1.0 burbot per trotliday in September. Most burbot
were captured near the mouth of Jay Creek (32 fish) and Watana Creek (24 fish) during 1981
(Figure 4.33). Sautner and Stratton (1983) sampled at skgations within the mainstem

during 1982 and captured 135 burbot by trotline. Overall monthly CPUE ranged from 0.6 (July
and September) to 0.8 (June) fish per trottlag. For individual sites and periods, CPUE

ranged from zero (Mainstem Site 2 in Sepber) to 3.5 fish per trotlingay (Watana Creek

mouth in May;Figure 4.33). Burbot appeared to move little within the Upper Susitna River, or
they may have returned to feeding territories. Floy tags were attached to 23 and 69 burbot in
1981 and 1982espectively. Four of the burbot tagged during 1981 and three of burbot tagged
during 1982 were recaptured during 1282he location of tagging (Sautner and Stratton (1983).
Based upon observation of spent burbot and observations by anglers in PaksoDdlaney et

al. (1981c) suggested that burbot probably spawned during March in the Upper Susitna River.

4.3.1.5. Round Whitefish

Round whitefisi(Prosopium cylindraceupwere present in the Upper Susitna River (Delaney et
al. 1981c, Sautner and Stratton 198Bglaney et al. (1981) captured a total of 80 round
whitefish immediately upstream or downstream of tributary mouths. Gillnets were effective at
capturing adult round whitefish (33 fish), and beach seining and electrofishing captured 47
juvenile round whiefish at the mouth of Jay Creek. Jay and Kosina creeks accounted for 39.4
and 27.3 percent of the adult round fish captured. None of the t#afiggd round whitefish

were recaptured. During the studies by Sautner and Stratton (1983), five adulivhitefidh

were captured at the Watana Creek Slough during July and August @redpawning

condition.

4.3.1.6. Humpback Whitefish

Humpback whitefisifCoregonus pidschigrwere present in the Upper Susitna River in low
numbers.During 1981 one humpback whitefis(847 mm in lengthwas captured at the mouth
of Kosina Creek (Delaney at. 198T), and in 1982, a single humpback whitefish was captured
at RM 208.1 (Sautner argtratton (1983).Delaney et al. 19&1also reported that humpback
whitefishwerepresent in lakes Susitna and LouiSéhese lakeare headwater lakes to the
Tyrone River whichenters the Susitna River near RM 246.5.

4.3.1.7. Longnose Sucker

Longnose sucker&atostomus catostomusere present throughout the mainstem Upper

Sustna River to at least the Oshetna River (Delaney et al. 1981c, Sautner and Stratton 1983).
Delaney et al. (1981) captured 168 longnose suckers immediately upstream or downstream from
the mouth of all surveyed tributaries except Fog and Tsusena credlketsGvere effective at
capturing adult round whitefish (144 fish). Beach seines, electrofishing, and minnow traps
captured 24 juvenile longnose suckers. The Watana Creek and Jay Creek sites accounted for
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52.1 and 19.4 percent of the adult longnose esckaptured. However, catch rates were highest
in Watana Creek (12.5 fish per rady) and the Oshetna River (4.0 fish peradegy).

During 1982, longnose suckers were captured by gillnets at four of the seven mainstem slough
sites (Sautner and Stratt@@83). Similar to 1981, the highest catch occurred near Watana Creek
(80.3 percent of all captured suckers). The highest catch observed was in July, when 21
longnose suckers were captured near the mouth of Watana Creek. Longnose suckers were in
spawnirg condition in May and eardyune, but all were spent in lalane.

Tags were attached to 97 and 50 longnose suckers in 1981 and 1982, respectively (Sautner and
Stratton 1983). One of the fish tagged in 1981 was recaptured during 1981, and two were
recaptired in 1982. Two fish tagged in 1982 were subsequently recaptured. All recaptures
occurred at the tagging location.

4.3.1.8. Sculpin

In 1981, slimy sculpifCottus congnatysvere captured in minnow traps within all tributaries
sampled in the Upper Susitna Riwecept Jay Creek (Delaney et al. 1981c). Catch rates were
highest in Fog Creek (8 per tralay), Tsusena Creek (9 per trday), and the Oshetna River (10
per trapday). Length of captured sculpins ranged from 37 to 95 mm.

4.3.1.9. Lake Trout

Sampling for lakerbut (Salvelinus namaycugbccurred in Sally Lake in 1981 and 1982 and in
Deadman Lake in 1981 (Delaney et al. 1981c, Sautner and Stratton 1983). Sally Lake is a 63
acre lake with a maximum depth of 27 feet and mean depth of 11.&dedtér and Straih

1983). The southern end of the lake is shallow (average depth of about 4 feet) and has
substantial aquatic vegetation.

In 1981, sampling in Sally Lake was primarily by gillnet with some angling, and only angling
was attempted at Deadman Lake. Lakeattmere captured in both Sally Lake (32 fish, 2 by
angling) and Deadman Lake (3 fish, all by angling). Lake trout in Sally Lake were captured in
less than 6 feet of water and within 100 feet of shore. The length of lake trout in Sally Lake
ranged from 3B to 508 mm with a mean of 410 mm. Most scales removed from Lake Trout
were unreadable. Consequently, no age information was obtained. In 1982, sampling in Sally
Lake resulted in the capture of 32 lake trout (Sautner and Stratton 1983), and fishrgjees r

from 260 to 490 mm with an average length of 419 mm.

4.3.2. Middle River Studies
4.3.2.1. Upper Middle Susitna River

The fish community inhe upper Middle Susitna River wfund to besimilar to the Upper

Susitna RiverTable 4.31Table 4.3). The distribution of Chinook salmon in the upper Middle
Susitna River is uncertain because relatively few surveys have occurred and their abundance is
low. Aerial surveys conducted fro1982 to 1985 were the first to document passage of

Chinook salmon through Devils Canyon and spawning within, or near the mouth of, several
tributaries in the upper Middle Susitna River including Cheechako Creek, Chinook Creek, Devil
Creek, and Fog CredRDF&G 1983¢ Barrett et al. 1984, Barrett et al. 1985, Thompson et al.
198G Table 4.34). Surveys conducted by Buckwalter (2011) during 2003 and 2011 resulted in
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the observations of Chinook adults in Fog Creek (2003 only) and collection of ju\cunileg
2003 and 2011. Juvenile Chinook salmon were also collected in Tsusena Creek during 2003
(Table 4.32).

4.3.2.1.1.  Arctic Grayling

Arctic grayling were captured in Fog Creek and Tsusena Creek in both 1981 and 1982 (Delaney
et al. 1981c, Sautner and StrattoBg§3). Markrecapture population estimates suggested
substantially more Arctic grayling were present in Tsusena Creek (1,000 fish) compared to Fog
Creek (176 fish) during 198T#éble 4.33). Insufficient marks and/or recaptures occurred

during 1982 to deslop estimates in Fog and Tsusena creeks (Sautner and Stratton 1983).
Average catch rates were 6.1 fish per angtaur in Tsusena Creek and 0.4 fish per anigéanr

in Fog Creek during 1982. Sautner and Stratton (1983) indicated that Arctic grayleng wer
captured in Cheechako and Devil creeks during 1982, but catch rates were not reported. Arctic
grayling were not captured in Chinook Creek.

4.3.2.1.2. Dolly Varden

Dolly Varden were present in the Upper Susitna River (Delaney et al. 1981c, Sautner and
Stratton 1988 but relatively uncommon compared to Arctic grayling. Delaney et al. (1981)
captured one Dolly Varden (235 mm length) at the mouth of Fog Creek. Sautner and Stratton
(1983) captured a total of 16 Dolly Varden at five of the tributaries sampled d@&2gahd two

of them, Cheechako amakvil, were in the upper Middle Susitna RiveXll of the Dolly Varden
captured during 198 the Upper Susitna River were small (120 to 205 mm) and considered
stunted.

4.3.2.1.3. Burbot

Burbot were captured by trotline near theuth of Fog Creek during May (2 fish) and Tsusena
Creek (2 fish during June 1981 (Delaney et al. 1981c). Round whitefish (3 fish over 4 days of
effort) were captured near the mouth of Tsusena Creek by gillnet during 1981, but none were
captured near ohe mouths of Fog Creek and Deadman Creek with 3 or 4 gilbest of effort,
respectively (Delaney et al. 1981c). Capture of longnose sucker was also low during 1981, with
3 captured near the mouth of Deadman Creek and none captured near Fog and fleelseena ¢
Sculpin were capture in all tributaries sample during 1981 in the upper Middle Susitna River.

No sampling occurred in the mainstem of the upper Middle Susitna River during 1982 (Sautner
and Stratton 1983).

4.3.2.2. Lower Middle River

The lower MiddleRiver (from Devils Canyon downstream to Three Rivers Confluehage)a
relatively diverse community of anadromous and resident fish species compared to the river
upstream of Devils Canyoiéble 4.31). In addition to the seven fish species found upstream
of Devils Canyon, there are four more anadromous salmon species, rainbow trotgpihece
stickleback(Gasterosteus aculeafysnd Arctic lampreyLethenteron japonicuppresent in the
lower MiddleRiver.
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43.2.2.1. Chinook Salmon

Chinook salmon are one of the maspiortant sport fish in the Susitna River drainage and
present in most of the larger tributary streams of the Idivedle River (Figure 4.31). Chinook
salmon spawn exclusively in tributary streams (Thompson et al. 1986, Barrett 1985, Barrett
1984, Barrdat1983;Figure 4.34). Consequently, the mainstem Susitna River primarily provides
a migration corridor and holding habitat for adult Chinook salmon. Apportionment of Chinook
salmon among the major Susitna River subbasins based on peak spawning sisbegnh
somewhat confounded by inconsistent surveys, in part because poor visibility and partly due to
annual differences in surveying priorities. Nevertheless, major patterns in the distribution of
Chinook salmon spawning during the late 1970s and &889s are discernible based upon data
summarized in Jennings (1985). Within the Middle River, Portage Creek and Indian River
account for nearly all Chinook salmon spawnikg(re 4.35). These two tributaries in
combination with other Middle River tribaries typically account for about 5 percent of the
Chinook salmon spawning in the Susitna River. Fourth of July Creek and Whiskers Creek
account for minor amounts of spawning, generally with no more than about 2.5 percent of the
spawning in the Middle Rer (Figure 4.36).

Of the five salmon species returning to the Susitna River, Chinook salmon account for the fewest
number of fish but have been the most important sport fish (Jennings 1985). Long term
escapement trend data from 1974 to 2009 is avaifabkenumber of index streams in the

Susitna River Basin monitored by ADF&G, but between stream comparisons are unreliable
because of different survey methods (weirs, foot, or aerial; Fair et al. 2010). Most index streams
are tributaries to the mainstemthe Lower River or tributaries in the Chulitna and Talkeetna
subbasins (Fair et al. 2010). No index streams are located in the Middle Susitna River.

Total peak counts of Chinook salmon spawning in Middle River tributaries between 1981 and
1985 rangedrbm 1,121 to 7,180 fish with a median of 4,179 fish (Jennings 1985, Thompson et
al. 1986). As described above, generally over 90 percent of the Chinook salmon returns to the
Middle Susitna River have spawned in Indian or Portage creeks. Peak spawtefrooun

1976 to 1984 ranged from 114 to 1,456 fish (median 479.5 fish) in Indian Creek and 140 to
5,446 fish (median 680.5 fish) in Portage Creek (Jennings 1985).

ADF&G used mark recapture technigues to estimate escapement to fishwheel stations during the
early 1980sKigure 4.37). From 1982 to 1985, total escapement to Talkeetna Station ranged

from 10,900 to 24,591 fish (median 14,400 fish), but was considered an overestimate because
many Chinook salmon tagged at Talkeetna Station were found to haveespiaviributaries
downstream of Talkeetna Station (Jennings 1985).

Juvenile Chinook salmon exhibited very little freshwater life history diversity during studies
conducted in the 1980s. Scale samples from adult Chinook salmon collected at fishwheels
indicated that nearly all Chinook salmon that survive to adulthood exhibit a dlypartife

history pattern and outmigrate to the ocean as yearlings (ADF&G 1981, ADF&G 1983c, Barrett
et al. 1984, Barrett et al. 1985, Thompson et al. 1986). A small pereaftegfurning adult
Chinook salmon outmigrated as fry.

Roth and Stratton (1985) suggested Chinook salmon juveniles have three patterns of distribution
following emergence in tributary streams. One group rears and overwinters in the natal tributary,
and hen outmigrates at Age 1+. Another group rears in the natal tributary during part of the first

summer, migrates to the mainstem for overwintering and additional rearing and eventually
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outmigration to the ocean, again at Age 1+. The third group migoathe tower Susitna River
as fry. Roth and Stratton (1985) were uncertain what the relative proportion of Chinook
production used the three behavior patterns.

During 1980s studies, the bulk of Chinook salmon fry outmigrated from Indian and Portage
creeksby mid-August and redistributed into sloughs and side channels of the Middle Susitna
River or migrated to the Lower River (Roth and Stratton 1985, Roth et al. Eig86e 4.38).
Outmigrant trapping occurred at Talkeetna Station (RM 103) during open peatods from

1982 to 198@nd demonstrated Chinook salmon fry were migrating downstream to the Lower
Susitna River throughout the time traps were operating (Schmidt et al. 1983, Roth et al. 1984,
Roth and Stratton 1985, Roth et al. 198i@jure 4.39). Based on timing of movements, Roth

and Stratton (1986) suggested that some Chinook salmon fry from the Middle Susitna River
either overwinter in the Lower Susitna River downstream of Flathorn Station or outmigrate to the
ocean as fry, but are unsuccessfisl demonstrated by the low prevalence of Age 0 outmigrant
characteristics in adult scales.

The capture of a small number of Age 1+ Chinook salmon juveniles in the Indian River during
winter sampling indicated that some Chinook salmon fry remain in tnidsiadaries throughout

their first year of life (Stratton 1986). During 1984, sampling in the Indian River failed to
capture any Chinook salmon Age 1+ fish during July, but were successful during May and June,
indicating that Age 1+ Chinook salmon juvesilemigrated from tributary streams shortly after
ice-out (Roth and Stratton 1985). The cumulative frequency of Age 1+ Chinook salmon
juveniles catch at the Talkeetna Station reached 90 percent by early July in 1985 andudy late

at the Flathorn Statio(Roth et al. 198@rigure 4.310). Consequently, most outmigrating

Chinook salmon Age 1+ smolts are generally in estuarine or nearshore watersdwmmer.

4.3.2.2.2. Sockeye Salmon

During the 1980s, sockeye salm@n nerkg entered the Susitna River in two runs (Jennings
1985); the first run was the smaller of the two with a run size generally of less than 15,000 fish
(Jennings 1985, Thompson et al. 1986he second run was substantially larger with total
escapement estirtes ranging from approximately 340,000 to 606,000 fish (ADF&G 1981,
Barrett et al.1983, Barrett et al. 1984, Barrett et al. 1985, Thompson et alFi8€;4.311).

Historically, sockeye salmon spawning in the lower Middle Susitna River was a relativally

component to the total Susitna River run with peak spawner counts from 1981 to 1985 ranging

from 555 to 1,241 sockeye salmon (Jennings 1985, Thompson et al. 1986). Nevertheless, the use

of the middle river is important because these fish exhiife aistory pattern that is not

dependent upon lakes for juvenile rearing. While juvenile lake rearing is the norm for most
sockeye sal mon -tpyoppeudl aatitidopiesac éfiardi ev elri st ory patt e
identified, particularly in glaciaiivers (Gustafson and Winans 1999), such as the Susitna River

and several of its major tributaries.

Sockeye salmon are widely distributed in the Susitna River downstream of Devils Canyon
according to ADF&G6s AhRguedlPrgwed. dWattaeer s Cat al o
especially prevalent in tributaries with accessible lake rearing habitat (Yanusz et al. 2011b).

Sockeye Salmon in the lower Middle Susitha River spaimost exclusively in side sloughs

(Sautner et al. 1984). Sockeye salmon spawning was observed within 24 sloughs of the lower
Middle Susitna River from 1981 to 1985 (Jennings 1985, Thompson et al. 1986). There are no

Susitna-Watana Hydroelectric Project Alaska Energy Authority
FERC Project No. 14241 Page 28 March 2013



REPORT 2012 INSTREAM FLOW PLANNING STUDY

accessible juvenile rearing lakeshvassociated spawning areas accessible to sockeye salmon in
the Middle Susitna River. On rare occasions during the 1980s spawning surveys, one or two
pairs of sockeye were observed spawning along the edge of the main channel, tributaries, or in
side chanels (ADF&G 1981, ADF&G 1983c, Barrett et al. 1984, Barrett et al. 1985, Thompson
et al. 1986).Sockeye salmon primarily spawned in Sloughs 11, 8A, ané&iglirg 4.313).

Some sloughs were used for spawning by sockeye salmon in all years while otiesosiywe
intermittently used.

Although sockeye salmon spawning was rarely observed within tributaries of the Middle Susitna
River, Roth and Stratton (1985) reported the capture of sockeye salmon fry in the Indian River
during July and August 1984 and Yanesal. (2011a) reported the terminal location of one
radiotagged sockeye salmon in the Indian River and one in Portage Creek during 2007. No
adult sockeye salmon were observed in tributaries to the Middle Susitna River during 1981
through 1983. Barrett al. (1985) observed one sockeye salmon adult in Indian River and 12 in
Portage Creek during 1984, but suspected most were milling; only one pair of sockeye salmon
were spawning. During 1985, Thompson et al. (1986) observed two adult sockeye sdhmeon in
Indian River, but no spawning activity.

4.3.2.2.3. Chum Salmon

Chum salmor{O. ketg have been the most abundant anadromous salmon returning to the
Susitna River Basin with the exception of ey@ar pink salmon runs. Chum salmon have been
an important componetd the commercial salmon fishery with an average of 478,000 caught in
the UCI Management Area during 1966 to 2006 (Merizon et al. 2010). Chum salmon also have
contributed to the sport fishery with an average of 2,893 captured during 1998 to 2007 (Merizon
et al. 2010).

Based upon sonar counts to the Yentna River plus the Peterson estimates to the Sunshine Station,
minimum chum salmon returns to the Susitna River averaged 440,751 fish (range 276,577 to
791,466) from 1981 through 198ADF&G 1981, ADF&G 183c, Barrett et al. 1984, Barrett et

al. 1985, Thompson et al. 1986gure 4.314). These counts were considered minimums

because sonar counts at the Yentna River station underestimated the total returns (Jennings
1985). The average returns to the Tatka Station during a similar time period was 54,640

chum salmon, but this was probably an overestimate since chum salmon have been documented
entering the Middle Susitna River and then migrating back downstream to spawn in Lower River
habitats. The Talletna Station was not operated during 1985. Average returns to Curry Station
were 21,993 fish (range 13,068 to 29,413) from 1981 to 1985. The returns to Curry Station were
likely reasonable estimates of the returns to the Middle Susitna River becafdaéa@known

primary spawning areas are upstream of Curry Station.

Chum salmon are widely distributed in the Susitna River downstream of Devils Canyon
according to ADF&GO6s AhRigumr 4.8lBhoMeszonwiat. @01® Cat al o
radiotagged 239 ltum salmon at Flathorn during 2009 and assigned a spawning location to 210

of the tagged fish. Chum salmon were strongly oriented toward the east or west banks.

4No estimate was available for the Yentna River during 1985 and the estimate at the downstream Flathorn Station was 56,
fish lower than the Sunshine estimate. Consequently, the mimimwizeioni985 was estimated using the Sunshine
estimate plus the fgaar average at the Yentna Station from 1981 to 1984.
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Consequently, fish captured and tagged on the west side of the river primarily entereditize Ye
River, while those captured on the east side tended to migrate up the Susitna River. Ten (4.8
percent) of the 210 chum salmon tagged at Flathorn and assigned a spawning location were
assigned as spawning in the Middle Susitna River and none entbugaries Figure 4.316;
Merizon et al. 2010).

Spawning surveys were conducted each year from 1981 to 1985, but the level of intensity varied
from year to yearChum salmon spawn primarily in clearwater tributary and side slough habitat
within the Midde Susitna RiverKigure 4.34). Indian River and Portage Creek account for the
majority of tributary spawning in the Middle Susitna River while Sloughs 11, 8A, and 21

account for the majority of slough spawnifitigure 4.317). During 1984 Barrett et a{1985)
identified 36 norslough spawning areas in the mainstem of the Middle Susitna Rreak

counts in these areas ranged from 1 to 131 (RM 186Luirh salmon During 1985, with

relatively poor viewing conditions, Thompson et al. (1986) identifieelet mainstem spawning

areas with 13 to 17 peakium salmorcounts.

While there is some uncertainty regarding the precise proportional distributbomfsalmon
among the different Susitna River spawning areas due to annual variations, the tributaries
associated with the Lower Susitna River are the melimm salmorproduction areas with lower
amounts of production froside sloughs, and occasional production fraainstem channels
andsidechannels Based upon the radiotracking conducted by Merizon et al. (2010), and the
studies conducted during the 1980& Middle Susitna River mainstem channels, sloughs, and
tributaries account for a small, but significant portion of the total dkam salmorproduction.

All chum salmon outmigrate to marine waters during their first year of life. Based upon the

catch of fry at incline plane traps, Roth et al. (1986) and Roth and Stratton (1985) concluded that
about 95 percent of chum salmon fry from the Mid8ilssitna River emigrated to the Lower

Susitna River by miduly. During the period while present in the Middle Susitna River during
1983, chum fry were predominately observed in side sloughs (59%) and, tributaries (34%), but
were also observed occasiogal side channels (4%) and upland sloughs (3%; Dugan et al.
1984;Figure 4.318Figure 4.3). However, most side channels were not sampled until early July
(e.g., si@ channels 10, 10A and Slough 22) and only one upland slough was sampled more than
once (Slough 6AFigure 4.319). Consequently, chum use of these habitat types may be
somewhat higher than depictedrigure 4.318.

43.2.2.4. Coho Salmon

Historically, coho salmofO. kisutch have been the least abundant anadromous salmon

returning to the Susitna River Basin. Coho salmon have been an important component to the
commercial salmon fishery with an average of 313,000 caught in the UCI Management Area
during 1966 to 200 (Merizon et al. 2010). Next to Chinook salmon, coho salmon have been the
second highest contributor to the sport fishery with an average of 40,767 captured during 1998 to
2007 (Merizon et al. 2010).

Based upon sonar counts to the Yentna River pluB¢terson estimates to the Sunshine Station,
minimum coho salmon returns to the Susitna River have averaged 61,986 fish (range 24,038 to
112,874) from 1981 through 1985 (ADF&G 1981, ADF&G 1983c, Barrett et al. 1984, Barrett et
al. 1985, Thompson et al. (198 These were considered minimums, because sonar counts at the
Yentna River station underestimated the total returns to the Yentna River (Jennings 1985). The

Susitna-Watana Hydroelectric Project Alaska Energy Authority
FERC Project No. 14241 Page 30 March 2013



REPORT 2012 INSTREAM FLOW PLANNING STUDY

average returns to the Talkeetna Station from 1981 to 1984 was 5,666 coho Saduen4.3

20), but this was probably an overestimate, because-teatiking studies and traditional tag
recaptures have indicated that coho salmon enter the Middle Susitna River and then migrate back
downstream to spawn. The Talkeetna Station fishwheel was notexpdraing 1985. Average

returns to Curry Station were 1,613 fish (range 761 to 2,438) from 1981 to 1985. The returns to
Curry Station were likely underestimates of the returns to the Middle River based on milling
behavior described previously and thetfdnat one of the known primary spawning areas,

Whiskers Creek, is downstream of Curry Station.

Coho sal mon are widely distributed downstream
Anadromous Waters Catalogigure 4.321). However, the terminal locatiarf 275 radie

tagged salmon during 2009 suggests the Middle Susitna River accounts for about 2 percent of the
Susitna River basin coho salmon production (Merizon et al. Z8@0re 4.322). Coho salmon

spawn almost exclusively in clearwater tributaryastne (Sautner 198#&igure 4.34). During

1984 Barrett et al. (1985) identified one ralaugh spawning area with two coho salmon along

the edge of the mainstem of the Middle Susitna River. However, that was the only observation

of nontributary spawningf coho salmon in the middle river from 1981 through 1985.

Similar to Chinook salmon, coho salmon demonstrate three behavioral patterns following
emergence in tributaries (Roth and Stratton 1985). One group rears and overwinters in the natal
tributary, arl then outmigrates at Age 1+ or 2+. Another group rears in the natal tributary during
part of the first summer but eventually migrates to the mainstem. Overwintering can occur in
tributaries, sloughs, beaver ponds or other areas. The third group sigrtte lower Susitha

River as fry.

The 1983 field work at JAHS sites by Dugan et al. (1984) indicated coho salmon juveniles had
relative high density distribution (51 percent) in tributarkegiire 4.323), followed by upland

sloughs (35.3 percent). d& channels (4.0 percent) and side sloughs (9.8 percent) were
infrequently used by coho salmon. Overall catch rates for the JAHS sites in 1983 are depicted in
Figure 4.324. Relatively high catch rates for coho juveniles occurred at Chase Creek, Slough
6A, and Whiskers Creek.

4.3.2.2.5. Pink Salmon

Pink salmon(O. gorbuschathave a strict tweyear life history. Consequently, even and odd year
populations are genetically distinct stocks. During even years pink salmon are often the most
abundant anadromous salmoturaing to the Susitna River Basin. Based upon sonar counts to
the Yentna River plus the Peterson estimates to the Sunshine Station, minimum pink salmon
returns to the Susitna River averaged 546,888 fish (range 85,554 to 1,386,321) from 1981
through 1985ADF&G 1981, ADF&G 1983c, Barrett et al. 1984, Barrett et al. 1985, Thompson
et al. (1986). These were considered minimums, because sonar counts at the Yentna River
station underestimated the total returns to the Yentna River (Jennings 1985). The average
returns to the Talkeetna Station fishwheel from 1981 to 1984 was 65,684 pink seigura (

4.3-25), but this was probably an overestimate because traditional tag recaptures have indicated
pink salmon have entered the Middle Susitna River and then nddrat& downstream to

spawn. The Talkeetna Station was not operated during 1985. Average returns to Curry Station
were 22,437 fish (range 1,041 to 58,835) from 1981 to 1985.
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Pink salmon are found in the mainstem Susitna River downstream of Devils Cayoraay

of tributary rivers and streamBiQure 4.326). Pink salmon spawn primarily in clearwater

tributary streams with small numbers observed in side channels or side sloughs (Sautner 1984;
Figure 4.34). Barrett et al. (1985) and Thompson et al. @)3®nducted intensive surveys in

1984 and 1985 and found pink salmon spawning in tributaries of the Lower and Middle Susitha
River and concluded that pink salmon did not spawn in main channel habdin River (RM
138.6), Portage Creek (RM 148.9)h4tf July Creek (RM 131.1), and Lane Creek (RM 113.6)
accounted for the majority of the pink salmon tributary spawning in the Middle Susitna River
(Figure 4.327). Pink salmon holding or spawning occurred in a number of sloughs within the
Middle Susitna Rrer. Habitat use was not consistent from year to year. Barrett et al. (1984)
identified 17 sloughs that pink salmon occupied, but only ten of the sloughs were used for
spawning. Barrett et al. (1985) identified Sloughs 8A, 11, and 20 as the mostimparipink
salmon spawning. In contrast, during 1985 Thompson et al. (1986) observed pink salmon in
seven sloughs and a peak dead fish count of 5 fish in Slough 16. During 1985, pink salmon were
only observed in one (Slough 20) of the three sloughsidered important during 1984. Use of
sloughs for spawning by pink salmon in the Middle Susitna River may in part depend upon run
strength, which is typically larger during even years.

Most pink salmon fry emerge from the gravel and outmigrate priormplete ice breakup.
Consequently, there is little information on habitat use. Very few pink salmon fry were captured
as part of juvenile anadromous salmon studies during the 1980s.

4.3.2.2.6. Rainbow Trout

Rainbow trout(O. mykisyare widely distributed in the Middle Susitna River and its tributaries
downstream of Devils Canyon. During 1982, rainbow trout were widely distributed at the 17
DFH sites (Schmidt et al. 1983igure 4.328Figure 4.3). Rainbow trout were captured at all

DFH sites except Whitefish Slough. Rainbow trout catch was frequently higher and more
consistent at DFH sites associated with tributary streams (Lane Creek agl &ldth of July

Creek, Whiskers Creek and Slough) and clearwater sloughs (e.g., Slough 6A and Slough 8A).
Similar use of these tributaries and tributary mouths were observed during 1983 by Sundet and
Wenger (1984).

Adult rainbow trout utilize clearwateributary habitats to spawn following ice breag each

spring (Schmidtal. 1983). After spawning, adults primarily hold and feed during the open

water period in tributary and tributary mouth habitats, although some utilization of clearwater

side slogh habitat was observed during the 1980s (Schmidt et al. 1983). Holding and feeding
areas during the open water period were closely associated with Chinook, chum and pink salmon
spawning areas where it was suspected rainbow trout were feeding on sapm¢8leglet and

Pechek 1985)Juvenile rainbow trout generally utilize natal clearwater tributaries as nursery
habitats (Schmidt etl. 1983). Some juveniles also rear in the mainstem and sloughs, but the use
of these habitats appears to be limited (Schmt al. 1983, Sundet and YWer 1984).

Movement from spawning or feeding tributaries to overwintering habitat is commonly in a
downstream direction (Sundet and Pechek 1985). Many adults overwinter relatively close (i.e.,
<4 miles) to spawning tributas$, while others exhibit lordistance migrations that typically

range from 10 to 20 miles downstream but can extend over 76 miles (Schmidt et al. 1983, Sundet
1986).
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Rainbow trout were also documented in lakes within the Susitna River basin. A t@alfcdtB

were captured in six lakes surveyed in 1984, comprising 86 percent of the total fish catch
(Sundet and Pechek 1985). Lakes in which rainbow trout were abundant in 1984 include those
that flow into Fourth of July and Portage creeks (Sundet anceRa&85).

4.3.2.2.7.  Arctic Grayling

In the Middle Susitna River, Arctic grayling primarily use mainstem habitats for overwintering
and tributaries for spawning and rearing (Schmidt.et383, Sundet and Wiger 1984.

Upstream of Talkeetna, Arctic grayling movéatributaries to spawn in May and early June
(Schmidt etal. 1983 Sundet and Wmger 1984. During 1982, Arctic grayling were captured at
15 of the 17 DFH sited={gure 4.329). Arctic grayling catch was highest at tributary mouths of
Indian River, Podge Creek, Lane Creek, 4th of July Creek, and Whiskers Creek and Slough.

After spawning, many adult grayling either remain within spawning tributaries or moteeto
nearby tributaries to feed during sumniieelaney et al. 1981schmidt et al1983, Sudet and
Pechek 1985)Arctic grayling also use tributary mouth, side slough and main channel habitats
during the open water season, though fish captured in these areas were typically of smaller size
than grayling in tributaries which may suggest that kimdividuals are displaced from

tributaries by largemlderfish (Schmidt et al. 1983, Sundet aenger 1984). During late

summer, most adult grayling disperse from tributaries to mainstem winter holding habitats
typically located in areas proximal to spawning tributaries, though winter movements of 10 to 35
miles were observed by tagged grayling (Sundet and PA&8&k Sundet 185). Juvenile

Arctic grayling typically reside within their natal tributaries for at least one year, though some
ageO0+ grayling were observed to move to tributary mouth habitats during late summer (Schmidt
et al. 198).

4.3.2.2.8. Dolly Varden

Adult Dolly Varden are thought to primarily reside within tributary habitats during the open
water seson(Schmidt et al. 1983)Movement into tributaries occurred in June and July during
1980s studies, coincident with the timing of upstream spawning migsaifadult Chinook

salmon (Delaney et al. 1981b, Schmidt et al. 1983). During late September and October adult
Dolly Varden are believed to spawn in the upstream extents of clear tributaries (Delaney et al.
1981b, Schmidt et al. 1983, Sautner and Stré&t@84).

Juvenile Dolly Varden in the Susitna Basin primarily utilize natal tributariesramet and
winter nursery habitgDelaney et al. 1981b, Sautner and Stratton 1888det and Wger
1984). During winter, some juvenile Dolly Varden move downstreathin natal tributaries
(Schmidt et al. 1983).

In the Middle Susitna River downstream@évils Canyon, Dolly Varden are found primarily in
the upper reaches of tributaries and at tributary mouths (Schmidt et al. 1983, Sundehgerd We
1984) but alson the mainstem for overwintering (Sundet andrigér 1984). Spawning and
juvenile rearing areas are suspected to be in tributaries (Schmidt et al. 1983).

Surveysconducted in982 capturetbw numbers oDolly Varden(28 fish)at nine (53%) of the
17 DFHsitessampledFigure 4.330; Schmidt et al. 1983). Tal Dolly Varden catch was
greatest at the Lane Creek and Slough 8 sitislig Surveys conducted during 1981 and 1983
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had their highest catch of Dolly Varden at the mouth of Portage Creek and Ridear{Delaney
et al. 1981b, Sundet and WWyer 1984).

4.3.2.2.9. Burbot

Burbotwere present throughout the mainstem of the Middle Susitna River during the 1980s
(Delaney et al. 1981b) and may be present in many of the larger tributaries such as the Talkeetna,
Chulitna, Yentna, and Deshka Rivers. However, surveys targeted for burbot have not been
conducted in many Susitna River tributaries. During 1982, burbot were captured at all DFH sites
surveyed in the Middle Susitna Rivéiiure 4.331Figure 4.3, Schmidt et al. 1983)Sundet

and Wenger (1984 concluded from surveys conduciguring 1981-1983thatfew burbot spawn

in the Middle River downstream of Devils Canyon hessaelatively few juvenilevere

observed upstream of the Three Rivers Confluences and delvirburbot were captured

upstream of the confluencempared taownstrean{Delaney et al. 1981b, Schmidt et al.

1983,). Spawning areas used by burbot in theltle Susitna River are unknown, but Sundet

and Weger (1984) hypothesized that it occurred at sloughs and backwaters with ground water
and identified Slough 9 as one potential location due to the higher numbers of juveniles and
adults found at that locatio In addition, Sundet and Pechek (1985) hypothesized that ice
processes may disrupt burbot spawning in the Middle Segment. They observed anchor ice
breaking away from substrate and floating to the surface in open water areas of the Middle
Segment, whiclthey suspected might adversely affect burbot spawning success.

4.3.2.2.10. Round Whitefish

Round whitefish were present throughout the mainstem of the Middle Susitna River during the
1980s (Delaney et al. 1981b). Furthermore, abundance is higher upstream of ¢heiVére
Confluence compared to downstream (Schmidt et al. 198@)ing the open water season, adult
round whitefish primarily use tributary, tribuyamouth and slough habitats of the Susitna River

for feeding (Schmidt et al. 1983, Sundet and Wenge#)198Blany adult whitefish move into

large, clear tributaries in the Middle Segment of the Susitna River in June and return to mainstem
habitats in August and September (Schmidt et al. 1983, Sundet and Wenger 1984). Use of
mainstem habitats was also docunteel for spawning, juvenile rearing, and as a migration

corridor (Sundet and Wenger 1984).

Spawning occurs in the mainstem and at tributary mouths (Schmidt et al. 1983, Sundet and
Wenger 1984). During 1981 through 1983, nine spawning areas were idempi$ieeam of
Talkeetna. Mainstem sites were: RM 100.8, 102.0, 102.6, 114.0, 142.0 and 147.0 (Sundet and
Wenger 1984). Round white fish also spawn in tributary mouths, such as Lane Creek, Indian
River and Portage Creek (Sundet and Wenger 1984). Juvewild whitefish rear mainly in the
mainstem and sloughs (Schmidt et al. 1983, Sundet and Wenger 1984). Overwintering areas
used by round whitefish have not been identified (Schmidt et al. 1983)

During the 1982 surveys, round whitefish were captured sites by a variety of gear types
(Figure 4.332). Round whitefish catch was highest mouths of Portage Creek, Indian River,
Fourth of July Creek, and at Slough 9. Catch at JAHS sites during 1983 were not substantially
different. Relatively high catctates were reported for Indian River, Portage Creek, Slough 8A,
and Jack Long Creek (Sundet and Wenger 1984). The highest catch rates (actual rates not
reported) for adult round whitefish during 1983 were between RM 147.0 to 148.0 (Sundet and
Wenger 1984)
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4.3.2.2.11. Humpback Whitefish

Humpback whitefish are less common than round whitefish in the Susitna River. They are
distributed throughout the Middle Susitna River mainstem downstream of Devils Canyon, but at
relatively low abundance (Delaney et al. 1981b, Schetidl. 1983Sundet and Wenger 1984
Relative abundance is lower upstream of the Three Rivers Confluence compared to downstream
(Schmidt et al. 1983), which may in part be due to humpback whitefish typically being an
anadromous species (Morrow 198@uring 1982, humpback whitefish were occasionally
captured in low numbers at DFH sites surveyed in the Middle River Segrngunte( 4.333).

During 1983 most juvenile humpback whitefish were captured by downstream migrant traps and
most adults were capen by fishwheel (Sundet and Wenger 1984). Sundet and Wenger (1984)
reported that gillnets, hoop nets, and boat electrofishing captured a few humpback whitefish at
JAHS sites including: Slough 8A (36 fish), Slough 6A (14 fish), and Slough 22 (9 juveniles).

4.3.2.2.12. Longnose Sucker

Longnose suckers are common throughout the Susitna River including the Middle River
Segment (Delaney et al. 1981b, 1981c; Schmidt et al. 1983). However, longnose sucker
abundance appears to be somewhat lower in the Middle Segment comparddteahRiver
(Sundet and Wenger 1984 the Middle Susitna River downstream of Devils Canyon,
longnose suckers were primarily associated with tributary and slough mouths, although the
mainstem was also used throughout the epater season (Schmidtat 1983,Sundet and
Wenger 1984).Longnose sucker were found in all DFH sites sampled ithe Middle Segment
during1982 Figure 4.334; Schmidt et al. 1983)Boat electrofishing surveys during 1983 were
not substantially different with longnose suckers obgktede most abundant 8iough 8A,
Lane Creek, Fourth of July Creek, a mainstem site between RM-RAT D48.0, and Portage
Creek (Sundet and Wenger 1984).

4.3.2.2.13. Threespine Stickleback

The distribution and abundance of threespine sticidk Gasterosteus acutus appears to be

quite variable from year to ye@@undet and Wenger 1984Delaney et al. (1981b) observed
threespine sticklebacks as far upstream as RM 146.9, but Schmidt et al. (1983) found them as far
as RM 101.2 (Whiskers Creek and Sloulgigure4.3-35) during 1982, and Sundet and Wenger
(1984) observed them at RM 112.3. Threespine sticklebacks can be very numerous at a sited
some years, but absent during others. For example, Sundet and Wenger (1984) reported several
thousand sticklebacks werbserved in Slough 6A during 1981, but none during 1982, and 77
during 1983. Sundet and Wenger (1984) hypothesized that annual population dynamics and
yearclass strength could explain the variability and that 1981 was a stronglgssifor

spawners becse few (32 fish) yourgf the year were captured by inclined plane traps during

1982, while over 1,400 sticklebacks (88% of those captured) were ypdtthg year during

1983. Sundet and Wenger (1984) concluded that 1982 was a relatively week year class
spawners, and 1983 was intermediate.

4.3.2.2.14. Sculpin

Sculpin appear to be present throughout the fishbearing waters of the Susitna Basin including the
Middle River Segment. Sculpin were only identified to family (Cottidae) during fishery studies
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conducted dung the 1980s (ADF&G 1981, ADF&G 1982), but slimy sculpoftus

congnatuywas considered the primary species observed (Delaney et al. 1981b). During 1982,
all sculpin catch was recording as cottid but reported as slimy sculpin (ADF&G 1982, Schmidt et
al. 1983). During some years (e.g., 1983; Sundet and Wenger 1984) catch summaries and
discussion of sculpin were not reported.

Sculpin were considered relatively sedentary with limited movement (Delaney et 1981b, Schmidt
et al. 1983). While sculpin wedbserved at nearly all sites, relative abundance tended to be
somewhat higher at areas with water contributed from a clearwater tributary (Delaney et al
1981b). During 1982, sculpin were captured at all DFH sites in the Middle River Segment
(Schmidt et al1983;Figure 4.336Figure 4.3). During 1981, sculpin were observed at all

habitat locations sampled in the Middle River Segment, but not during all periods€petaad.

1981b)

4.3.2.2.15. Arctic Lamprey

Arctic lamprey(Lethenteron japonicujrare present, but uncommon in the Middle Susitna River
Segment (Delaney.et al. 1981b, Schmidt et al. 1983, Sundet and Wenger 1984). During 1981,
Delaney et al. (1981) captured Arctierlprey ammocoetes at Whiskers Creek using minnow

traps in early July and late August. During 1982, Schmidt et al. (1983) reported observations of
Arctic lamprey ammocoetes at Whiskers Creek and Slough and Gash Creek (RM 111.6). During
1983, Sundet and Wgar captured 25 Arctic lamprey at Chase Creek (RM 106.9).

4.3.2.3. Lower Susitna River
4.3.2.3.1. Chinook Salmon

Production of Chinook salmon from the Susitna River basin primarily occurs in tributaries to the
lower river segment (Fair et al. 2010), with substantial juveaae&ng in lateral habitats

associated with the mainstem (Suchanek et al. 1985). Most index streams surveyed by ADF&G
were tributaries to the mainstem in the Lower River or tributaries in the Chulitna and Talkeetna
subbasins (Fair et al. 2010). No ind#seams are located in the Middle Susitna River. The
Deshka River (RM 40.6) has the highest escapement of all tributaries with a median of 35,548
fish (Figure 4.337). ADF&G installed a counting weir in the Deshka River prior to the 1995
season tamprove the accuracy of salmon escapement counts (Fair et al. (2010). All other index
streams generally have fewer than 5,000 fish spawning during peak siiipys @.338).

From 1982 to 1985, total escapement (point estimates) to Sunshine Stajiesh fram 52,900

to 185,700 fish with a median 103,614 (ADF&G 1983c, Barrett et al. 1984, Barrett et al. 1985,
Thompson et al. 1986).

Suchanek et al. (1985) sampled 20 JAHS sites in the Lower Susitna River during the 1984 open
water seasonf@ble 4.22). They observed that Chinook juveniles, primarily fry, had the highest
density at tributary mouths (average of 1.5 fish per cell sampled), moderate density at side
channés (0.8 fish per cell), and low density at side sloughs (0.1 fish per cell). Relatively little
upland slough habitat is present in the Lower Susitna River and none were sampled during 1984.
Their observations generally confirmed the patterns of macrtalaisie reported by Dugan et al.
(1984) for the lower Middle Susitna River. They also observed that turbidity had a substantial
influence on habitat use by juvenile Chinook salmon. They concluded that areas with moderate
levels of turbidity (100 to 150 NJ) had the highest density of Chinook juvenilEgy(re 4.3
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39). Suchanek et al. (1985) concluded that side channels influenced by the Talkeetna River
plume were the most important rearing areas for Chinook salmon juveniles because of its effect
on turbdity levels.

4.3.2.3.2. Sockeye Salmon

Tributaries to the Lower Susitna River plus the Chulitna and Talkeetna rivers are the major
producers of sockeye salmon in the drainage. Based upon terminal locations-tdggedib

adults, Yanusz et al. (2011a, 2011b), obsdrover 97 percent of the returning sockeye salmon

used these spawning areas. Fried (1994, as cited in Fair 2009) used sonar and fishwheel counts
data to estimate that between 41 and 59 percent of the sockeye salmon entering the Susitna River
between 1984and 1985 spawned in the Yentna River drainage. During the two years (i.e., 1984
and 1985) when Peterson estimates were available from both the Sunshine Station and
Flathorn/Susitna Stations, data indicated that 21 to 30 percent of sockeye salmon spawned
upstream of Sunshine Station (Barrett et al. 1985, Thompson 1986). While there was some
uncertainty regarding the precise proportional distribution of sockeye salmon among the

different Susitna River subwatersheds (Fair 2009), the tributaries associditdideniower

Susitna River were the major sockeye salmon production areas. In addition to the Yentna River,
other Lower River spawning areas included lakes in the Fish Creek drainage (RM 7.0),
Alexander Lake (Alexander Cree drainage, RM 10.1), Whitsotl(&koto Slough drainage RM

35.2), Trapper and Neil Lakes (Deshka River drainage, RM 40), and Fish Lake (Birch Creek
drainage, RM 89.3). Spawning surveys conducted in the Lower Susitna River indicated that
sockeye salmon did not spawn in the main channlelitary stream mouths or associated

sloughs (ADF&G 1981, ADF&G 1983c, Barrett et al. 1985).

Yanusz et al. (2007, 2011a, 2011b) raidigged 75 sockeye salmon captured by fishwheels at
Sunshine during 2006, 311 during 2007, and 253 during 2008. SaXeyen were also radio
tagged at the Yentna Station. Tracking of tagged fish confirmed the historic data that indicated
sockeye salmon spawn primarily in Susitna River tributakeagite 4.340). Within the Susitha

River tributaries, spawning occurredthe main channel, sloughs, or in lake systems (inlets,
outlets, and beaches). It is of interest that during 2007 and 2008, more than half of the fish radio
tagged at Sunshine were returning to the Larson Lake system in the Talkeetna River drainage
(Yanuwsz et al. 2011a, 2011b). Also during 2007 and 2008, approximately 2.6 percent and 1.8
percent, respectively, of the fish tagged at Sunshine spawned in habitats associated with the
mainstem river. During 2007, 17 fish tagged at Sunshine were not asaigpadning location
(Yanusz et al. 2011b). These included seven fish last recorded below the Talkeetna River mouth,
one fish that moved downstream below the tagging location, one fish that was recorded-in an off
channel area, four fish (possibly two oth)ethat were captured in the sport fishery, two fish that
moved downstream, and one fish that returned to Cook Inlet. Thus, the terminal locations
depicted inFigure 4.340 do not necessarily indicate final spawning locations for tagged fish.
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4.3.2.3.3. Chum Salmon

As discussed previously, minimum chum salmon returns to the Susitna River averaged 440,751
fish (range 276,577 to 791,466) from 1981 through 1885ed upon sonar counts to the Yentna
River plus the Peterson estimates to the Sunshine Station (ADF&GADBB&G 1983c,

Barrett et al. 1984, Barrett et al. 1985, Thompson et al. Fd§6re 4.314). Based upon the
terminal location of raditagged fish tracked by Merizon et al. (2018g mgority of the

Susitna River Basin chum salmon production is frobyutaries to the lower river including the
Yentna River (47%), Talkeetna River (13%), Deshka River (5%), and Chulitha River (4%;
Figure 4.316). However, a small but significant portion also use lateral habitats adjacent to the
mainstem within lower riveand the smaller tributaries (Barrett et al. 1985, Thompson et al.
1986, Merizon et al. 2010PDuring 1984 Barrett et al. (1985) documentbdmspawning in
twelvenonslough andive slough habitats in the mainstem of the Lower Riygstream of the
Yentma River Not all of these locations were used in 1985. For example, 795 chum were
observed to spawn in the Trapper Creek side channel during 1984, but none were reported
observed during 1985 (Barrett et al. 1985, Thompson et al. 1986).

Similar to the midle river, during the early 1980s nearly all chum salmon fry passed the

Flathorn Station incline plane trap by mtd lateJuly. During 1984, chum catch rates at JAHS
sites were highest between Island Side Channel (RM 63.2) and Sucker Side ChanneB(RM 84
Suchanek et al. 1985). Catch rates were also highest at side channels (0.6 fish per cell),
moderate at tributary mouths (0.1 fish per cell), and low at sloughs (0.01 fish per cell). However,
Suchanek et al. (1985) noted that few surveys occurréduaihs during the period that most

chum could be present. Chum fry catch rates were highest in side channels with low turbidity
(Figure 4.341).

4.3.2.3.4. Coho Salmon

Based upon sonar counts to the Yentna River plus the Peterson estimates to the Sunshine Station,
minimum coho salmon returns to the Susitna River averaged 61,986 fish (range 24,038 to
112,874) from 1981 through 1985 (ADF&G 1981, ADF&G 1983c, Barrett et al. 1984, Barrett et
al. 1985, Thompson et al. 198@imilar to the middle river, nearly all cohpawning is in
clearwater tributary habitat. Based upon the terminal location of-tagged fish tracked by
Merizon et al. (2010), the majority of fish spawn in tributaries of the Lower Susitna River
including the Yentna River (47%), Chulitna River (17%alkeetna River (7%) and Deshka

River (7%;Figure 4.322). During 1982, spawning surveys conducted at 811 sites in the Lower
Susitna River did not identify any coho salmon spawning in the main channel (ADF&G 1983c).
However, in 1984, Barrett et al. @9) identified two norslough (RM 87.5 and RM 90.3, 200 to
400 fish) and one slough (RM 57, 10 to 20 fish) spawning areas in the mainstem of the Lower
Susitna River. No coho salmon spawning was observed in main channel of the Lower Susitha
River during 181 to 1983, and the lower river was not surveyed during 1985.

Similar to the middle river during 1983, surveys at JAHS sites during 1984 suggested coho
juveniles in the Lower Susitna River predominately reared in tributary mouths (observed at all 4

5No estimate was available for the Yentna River during 1985 and the estimate at the downstream Flathorn Station was 56,
fish lower than the Sunshine estimate. Consequently, the minimum chum run size for 1985 was estimated using the Sunsh
estimate plus the fgaar average at the Yentna Station from 1981 to 1984.
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sites) and to a lesser extent at side channels (5 of 16 sites), and side sloughs (2 of 14 sites)
during the open water period (Suchanek et al. 1985). There are few upland sloughs in the Lower
Susitna River and none were sampled during 1984. JAHS sites laitkiely high catch rates

of coho salmon included Caswell Creek mouth, Birch Slough, and Beaver Dam Stangik (

4.342).

4.3.2.3.5. Pink Salmon

Based upon sonar counts to the Yentna River plus the Peterson estimates to the Sunshine Station,
minimum pink salmon rerns to the Susitna River averaged 546,888 fish (range 85,554 to
1,386,321) from 1981 through 1985 (ADF&G 198DF&G 1983¢ Barrett et al1984, Barrett

et al. 1985, Thompson et al. (198&hd most of these returns are to tributaries draining to the
Lower Susitna RiverRigure 4.325Figure 4.3). ADF&G has operated a counting weir at TRM
7.0 on the Deshka River (RM 40.6) since 1995. The weir was built andexp&atounting
Chinook salmon. In recent years, the counting operation ceased prior to the completion of the
pink salmon run. Consequently, recent pink salmon escapement counts to the Deshka River
were underestimates. Nevertheless, the available iaf@msuggests the Deshka River has

been an important spawning tributary in the lower river for pink salmon with escapement
estimates of up to 1.2 million fislrigure 4.343).

In the Lower Susitna Rivenost pink salmon spawned in Birch Creek, Willow Gresnd

Sunshine Creek. During 1984, Barrett et al. (1985) identified both Birch Creek (5 percent of
peak survey counts) and Birch Creek Slough (59 percent of peak survey counts) as important
spawning locations in the Lower River. Birch Creek Slough Wa®nly slough habitat in the

Lower River with significant pink salmon spawning during 1984. In contrast, during 1985,
Thompson et al. (1986) identified Birch Creek as a spawning area that accounted for 55 percent
of the peak survey counts in the Lowestua River. Most of the pink salmon counted in Birch
Creek Slough were live, up to 9,917 fish, while 222 or fewer pink salmon were dead. Thus, it is
possible that Birch Creek Slough provided holding habitat for fish spawning in Birch Creek, with
little to no spawning in the slough.

During 2012, ADF&G began a markcapture study to identify major spawning locations of

pink salmon throughout the Susitna River drainage (Clearyiet@iep. Pink salmon are also
recorded incidentally at the Yentna Riwenar site, which is operated primarily for sockeye
salmon and not considered to provide complete estimates of other species (Westerman and
Willette 2011). There are no pink salmon escapement goals in the Susitna River drainage (Fair
et al. 2010).

Similar to the Middle Susitna River, little is known about the distribution and abundance of pink
salmon fry in the.ower Riverbecause nearly all fry outmigrate prior to-imat. Few pink fry
were captured as part of 1980s juvenile salmon distribution andiabhcs studies.

4.3.2.3.6. Rainbow Trout

Rainbow trout are present throughout the Lower Susitna River and likely in most of the
clearwater tributaries draining to the mainstem. However, their relative abundance in the
mainstem appears to be somewhat less ihoResr River and more variable compared to the
Middle Segment downstream of Devils Canyon (Delaney et al. 1981b, Schmidt et al. 1983).
Comparison of seasonal catch rates, Floy tag recoveries, and radiotracking of rainbow trout
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suggest that many rainbow trouasgn and rear within clearwater tributaries and overwinter
within the mainstem Susitna River (Delaney et al. 1981b, Schmidt et al. 1983, Sundet and
Wenger 1984, Sundet and Pechek 1985). For larger tributaries, such as the Deshka River,
Sundet and Pechekd985) suggested some rainbow trout may overwinter within the tributary,
while others overwinter in the mainstem. During 1982 Schmidt et al. (1983) captured rainbow
trout at four of the five DFH sites sampled in the Lower River Segment, with the highest
numbers in Birch Creek and Slough and Sunshine Creek and Side CHagoet @.328Figure

4.3). During 1981 Delaney et al. (1981) reported catch of rainbow troutmaene consistent

and relatively higher at Anderson Creek, Alexander Creek, and Deshka River sampling sites.

4.3.2.3.7.  Arctic Grayling

Arctic grayling are present, usually near tributary mouths, but relatively uncommon in the Lower
Susitna River Segment comparedhe Middle Segment. Jennings (1985) and Schmidt et al.
(1983) reported that Arctic grayling likely overwinter in the mainstem Susitna River, but spawn
and rear in tributary streams. During 1982, Schmidt et al. (1983) captured Arctic grayling at four
of the five DFH sites surveyed, but not during all survey periods, and the number captured were
6 fish or fewer. During September 1981, Delaney et al. (1981b) captured relatively high
numbers of Arctic grayling at the Kashwitna River (RM 61.0), Montana Giek77.0), and

Birch Creek Slough (RM 88.4).

4.3.2.3.8. Dolly Varden

Dolly Varden are present, but relatively uncommon in the mainstem of the Lower Susitna River
Segment.Spawning and rearing areaassuspected tprimarily be in tributariesvith some use

of the manstem for overwinteringSchmidtet al. 1983).During 1982, Dolly Varden were

captured in low numbers (1 or 2 fish) at two of the five DFH sites sampled iower River,

Sunshine Creek and Side Channel and Birch Creek and Slewgging 4.330). During 1981,

Delaney et al. (1981b) captured Dolly Varden at 8 to 20 percent of the habitat locations surveyed
during each twaveek period in the Lower Susitna River. During both years capture of Dolly
Varden in the mainstem was usually associated with doynédoutary mouth (Delaney et al.

1981b, Schmidt et al 1983).

4.3.2.3.9. Burbot

Burbot are relatively common in the Lower Susitna River and its larger tributaries such as the
Yentna, Deshka, Talkeetna, and Chulitna rivers and Alexander Creek. Winter radiotrgcking b
Sundet (186) documented use of the Deshka Riveiburbot. Surveys by Delaney et al.

(1981b) documented burbot in the Deshka River and Alexander Creek. Burbot were captured at
all five of the DFH sites sampled in the Lower Susitna River during 1Rig8re 4.331) and

Schmidt et al. (1983) reported that patterns of distribution were similar to surveys conducted in
the 1981.

4.3.2.3.10. Round Whitefish

Round whitefish are present throughout the mainstem of the Lower Susitna River Segment, but
appear to be less atdant than in the Middle Segment (Jennings 1985). During 1982, round
whitefish were captured at each of the five DFH sites surveyed lrother River but generally
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in low numbers (Schmidt et al. 1983gure 4.332Figure 4.3). The highest number of round
whitefish captured in theower Riverwas at Goose Creek 2 and Side Channel. In contrast, the
highest gillnet catch rate for round whitefish during 1981 waseatrtouth of Sunshine Creek
(Delaney et al. 1981b), but survey results are difficult to compare between years. Schmidt et al.
(1983) reported that substantially more round whitefish were captured during 1982 because of
greater effort with boat electrofisig.

4.3.2.3.11. Humpback Whitefish

Humpback whitefish are found throughout the mainstem of the Lower Susitna River and more
abundant than the Middle River Segment (Jennings 1985). However, catch rates during 1981
and 1982 were highly variable from site to site andbpleto period, suggesting humpback

whitefish is, in general, a relatively uncommon species. During 1982, humpback whitefish were
captured at three of the five DFH sites surveyed, but not during every period (Schmidt et al.
1983;Figure 4.333). During B81, humpback whitefish were captured at 10 to 30 percent of the
sites sampled during each tweek period in the Lower River Segment from June through
September, except late July when no humpback whitefish were captured (Delaney et al. 1981b).

4.3.2.3.12. Longnose Sucker

Longnose sucker are commonly found throughout the mainstem of the Lower Susitna River and
generally more abundant than the Middle River Segment downstream of Devils Canyon
(Schmidt et al. 1983, Jennings 1985). During 1982, longnose suckers weredap all five of

the DFH sites surveyedrigure 4.334) with relatively high catch reported for Goose Creek 2

and Side Channel, Rabideaux Creek and Slough, and Sunshine Creek and Slough (Schmidt et al
1983). During 1981, longnose sucker were captatdd to 50 percent of the sites sampled

during each tweaweek period in the Lower River Segment from June through September
(Delaney et al. 1981b). Areas noted for longnose sucker catch in the Lower River Segment
during 1981 include the Deshka River aratie Creek Slough, Kroto Slough, and Sheep Creek
(Delaney et al. 1981b). Schmidt et al. (1983) suggested that increased catch of longnose sucker
near tributary mouths during spring were the result of spawning congregations.

4.3.2.3.13. Threespine Stickleback

Threesne sticklebacks are commonly found in the mainstem of the Lower Susitna River and
substantially more abundant than the Middle Segment downstream of Devils Canyon (Schmidt et
al. 1983, Jennings 1985). During 1982, threespine sticklebacks were capaltédeadf the

DFH sites surveyed in the Lower Susitna Riig(re 4.335) with the highest catch occurring

at Whitefish Slough. Adult threespine sticklebacks were observed migrating upstream to spawn
during late May and early June 1982 (Schmidt et283). Subsequently, catch rates of adults

were relatively high over the early July spawning period, young of the year were observed during
late July and early August in similar areas, and catch rates of young of year threespine
sticklebacks increased dling late August and September at incline plane traps (Schmidt et al.
1983). Jennings (1985) concluded that threespine stickleback likely spawned at tributary and
slough mouths.
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4.3.2.3.14. Sculpin

Similar to the Middle Susitna River Segment, sculpin (primariimglksculpin) are abundant
throughout the mainstem of the Lower Susitna River. Schmidt et al. (1983) captured sculpin at
all five of the DFH sites surveyed during 1982gure 4.336). Delaney et al. (1981b).

Similarly, Delaney et al. (1981b) capturedIpouat 42 to 76 of the habitat location sites

surveyed during 1981. Sites influenced by clear water tributaries typically had higher catch rates
of sculpin during 1981 and the highest minnow trap catch rate was noted for Birch Creek.

4.3.2.3.15. Arctic Lamprey

Arctic lamprey are present in low numbers within the Lower Susitna River. Delaney et al.
(1981b) captured 30 Arctic lamprey were during 1981lirLtheer Riverwith the highest catch

rate occurring at Little Willow Creek (RM 50.5) during early September. Stthehal. (1983)
captured 32 Arctic lamprey at DFH sites in Lower River during 1982 of which 30 were captured
at Birch Creek and Slough.

4.3.2.3.16. Eulachon

Adult eulachor(Thaleichthys pacificgshave been observed in the Lower Susitna River up to

RM 50.5, but are wre common downstream of the Yentna River near RM 29. Eulachon are an
anadromous fish with two runs that enter the river during late May to early June (Miacent

and Queral 1984)ADF&G (1984) identified 61 spawning areas used by eulachon during 1983
with about 70 percent of the areas occurring between RM 12.0 and RM 27.0. ADF&G (1984)
also reported that eulachon were observed to spawn in the Yentna River during 1982 and 1983,
but the amount of river used for spawning was not determined. ADF&G (1€8#ted that

first run eulachon population size during 1982 and 1983 was approximately several hundred
thousand fish and the second run was about an order of magnitude higher.

4.3.2.3.17. Bering Cisco

Bering ciscaCoregonus laurettgenere collected incidentally tother studies during the 1980s
(Barrett et al. 1984 Consequently, information regarding Bering cisco distribution is relatively
imprecise, and abundance is largely unknown. ABeitngcisco are apparently present in the
Lower Susitna River up to thEhree Rivers Confluence during spawning runs (Jennings 1985).
However, ADF&G (1984) reported a few Bering cisco are sometimes captured at the Talkeetna
and Curry fishwheels at RM 103 and 120, respectively, and a single Bering Cisco was captured
at Fourthof July Creek during 1983. Bering cisco are an anadromous species that enters the
Susitna River in August with spawning completed by the third week of OctBagett et al.

19849).

4.3.2.3.18. Ninespine Stickleback

Ninespine stickleback@ungitius pungitiusarerare within the Lower Susitha RiveNinespine
stickleback were not captured during surveys conducted during 1981 to 1983. During 1984,
Sundet and Pechek (1®8aptured 50 ninespine sticklebacks on August 5 near RM 57.2 and 10
were captured by an outnnant trap at RM 22.4.
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4.3.2.3.19. Northern Pike

The northern pik€Esox luciu¥is an invasive species within the Susitna River drainage, which
were illegally transplanted into several lakes of the Yentna River in the 1950s (Delaney et al.
1981b). During the 1980s Agtic Studies Program five northern pike were captured: one in
Kroto Slough (RM 36.2), one at the Yenta Station fishwheel, and three at the Flathorn Station
fishwheel (RM 22.4). Since the 1980s, the range of northern pike in the Susitna River basin has
expanded greatlylvey et al.(2009) reported arthernpike have been documented in Lower

River tributaries as far upstreamRabideaux CreefRM 83.1) andthe suspected distribution
extends to tributaries up to the Three Riv@amfluence There is litté information specific to
themainstem of th&usitna River regarding northern pike spawning, juvenile emergence, or
juvenile rearing.Telemetry studies suggest that adult northern pike do not migrate significant
distances within the Susitna Bas A 199% study found that over the course of one year, only

one out of 18 raditagged northern pike moved a distance greater than 10 km and many moved
less tha 1 km (Rutz 1999).
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5. TECHNICAL MEMORANDUM 1 SELECTION OF TARGET
SPECIES AND DEVELOPMENT OF SPECIES PERIODICITY
INFORMATION FOR THE SUSITNA RIVER

Defining the species of interest (j.&@rget species) and then developing an understanding of the
timing of different life stage functions for each of the species is an important aspect of instream
flow studies. Fish species have evolved their life history strategies around the climatic and
hydrologic patterns of a given riverine system. Such strategies are directed toward increasing
populationviability by synching important life stage functions during periods of time affording
the greatest opportunities for the success of that lifestBges, the timing of different life stage
functions (e.g.migration, spawning, egg incubation, fry and juvenile rearing, smoltification,

etc.) will differ by species generally, and even for a given species will vary both within
(depending upon local climalibgical and hydrologic conditions) and between watersheds.
Understanding the timing and duration of these life stage functions as they exist under an
unregulated flow regime is important for being able to evaluate potential changes that may occur
following construction and operation of a hydroelectric project.

Both the 1980s Stlydro studies and the Susitiidatana studies proposed for 2eA@&14

recognized the importance of defining target species and their life stage periodicities for
evaluatingpotentid project effects. This TM summarizes the studies completed in the 1980s that
served to identify target species and the periodicities of their life stages, and then provides
summary information concerning the proposed methodsoimpleting this as parf ¢the 2013

2014 studiesUnlike the fish summary information presented above that discusses fish
distributions on a reach basis, the target species and life stage information for the 1980s studies
was deemed best presented by species for each river reach.

5.1. Su-Hydro 1980s Studies

Based on information provided by Jennings (1985) and Delaney et al. (1981), the Susitna River
basin historically supported at least 20 fish spediablé 4.31), of which, with the exception of
northern pike, all were consideredide endemic to the basin. Fish species richness within the
Susitna Basin was generally highest in the Lower reach and lowest in the Upper reach and the
upper Middle reach section upstream of Devils Canyon (River Mile [RM Tl 162]). Steep
channel grdients and high water velocities within Devils Canyon obstructed upstream passage
for many fish species.

5.1.1. Target Species Selection

Aquatic studies conducted in the Susitna River during the 1980s identified the periodicity of
habitat utilization of varioudsh species. Pacific salmon species (Chinook, sockeye, chum, coho
and pink salmon) were a primary focustod 1980s studiemnd can be considered themary

target species fanany ofthose studigsalthough some studies specifically targeted othenapec
including other anadromous fish (e.gulachon), and resident specisse(Section 4) Thus,

there was no single species that was designated as the target species for the instream flow
studies. Rather, the studies were designed to develop a gamdzedtanding of river use by all
species of fish. Certain species were however studied more intensely than others, a factor of
their importance relative to sport and commercial fisheries as well dedinee to which their
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habitats may be directly influnced by the Susitna Project. For examgdanore information

was obtained concerning the habitat utilizatiomaadlt salmonin particular spawning habitats,

more emphasis shifteéd certain salmon species, in particular, sockeye and chum saBotm

of these species were found to utilcdear watetateral habitatshat were hydraulically

connected to the main channel of the Susitna River for spaykeymg in on groundwater
upwelling areasand because these habitats could be affected by thHatregwf flows in the

Susitna River, understanding the responses of these habitats to mainstem flows was important.
The other salmon species includipgmarily Chinook ana¢ohowere found to spawn primarily

in other main rivers tributary to the lowerssma River including the Yentna and Chulitna, as

well as smaller tributaries that enter directly to the river. However, studies of juvenile fish
habitat use indicated that the main channel as well as side channel, side slough and other lateral
habitats vere frequently utilized by all species of salnaom therefore understanding how those
habitats functioned and were influenced by main channel flows was a central focus of many of
those studies.

Determining potential effects of the proposed operations of théy8to Project on different
species and lifestages of fiahd their habitats the Susitna River was never completed due to
funding cuts and project cancellatiofihe types of informatioand data that had been collected
at the end of the five years of study, suggest that thedffects evaluation may have ultimately
been more macrbabitat based rather than focused on one or more target species.

5.1.2.  Species Periodicities

Periodicities of jwenile and adult salmon habitat utilization in the Middle bader Riverwere
described during 1980s studies (see Sectipart) the more recent fisheries studies conducted

in the Susitna River during the 2000s (eMgerizon etc.) have provided supplembe

information. The periodicities of other fish species were also described during the 1980s studies.
However, the sampling methods employleenwere not always weluited for identifying and
monitoring the complex life history patterns exhibitedésident fish species. Some of the
species other than Pacific salmon for which periodicity information was described included:
rainbow trout, Arctic grayling, burbot, round whitefish, humpback whitefish, longnose sucker,
Dolly Varden, Bering cisco, andieachon. Although some information is available for most
resident and anadromous meamonids in each of the three reaches delineated during the 1980s
studies (Upper, Middle and Lower), most data pertain to the Middle and Lower reaches
downstream of Delg Canyon (RM 152). In general, insufficient information was collected
during the 1980s studies to describe the periodicities of Arctic lamprey, Lake trout, Northern
pike, threespine stickleback, ninespine stickleback, and various sculpin speciesiprbsent
Susitna BasinInformation relating to periodicity of fish habitat use in the Upper Segment is
sparse relative to that of the Middle and Lower segments.

To the extent possible, the timing of use by mdwabitat type (main channel, side chansle

slough, upland slough, tributary mouth and tributary; see Section 4) was provided by species and
life stage for each Segment (Upper, Middle, Lower) based on studies conducted in the Susitha
River. Habitat utilization data for some species and/ostdges in the Susitna River is sparse;

in these cases, the available informafimnthis TMwas consolidated among Susitna River
Segments and/or was supplemented by data not specific to the Susitna Basin (e.g., Morrow
1980).
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Adult salmon migration tinmg in the Susitna River was identified during the 1980s based
primarily on fish capture data at stationary fishwheels, which were operated in the main channel
at Curry (RM 120), Talkeetna (RM 103), Sunshine (RM 80), Susitna (RM 25.7), and Flathorn
(RM 22)stations (e.g., Barrett et al. 1985). Spawning distribution and timing was determined
from visual observation of salmon spawning locations recorded during foot, boat and aerial
surveys. Data from fishwheel operation and spawning distribution studieg thuei 2000s by
Yanusz et al. (2007, 20kjland Merizon et al. (2010) provide additional information regarding
adult salmon migration timing and spawning distribution. Salmon spawning surveys during the
1980s were conducted in main channekabfnnel ad tributary habitats with varying intensity
among Susitna River tributaries and mainstem areas betweepeeand Lower egmens.

The periodicity of habitat use for adult freshwater resident anesalomonid anadromous
specieqi.e., Bering cisco and éachon)was determined based primarily on 1980s studies to
identify juvenile and resident fish distribution and atsance in the Middle and Lowes@ments
(e.g., Schmidt et al. 1983). These studitdized a variety of methods to capture juvenile and
resdent fish species (see Section 4). Migration timing of adult resaehhorsalmonid
anadromous species Waased on fishwheel data in the Middle and Lower segments and on
information from summer and winter radio telemetry and caphascrecapture stdies

designed to track patterns of fish movement and habitat use. Utilization of the Upper Segment
by resident fish species was derived from summer sampling of the impoundment area in 1982.
Information not available from Susitna River 1980s aquatidestuslas obtained from literature
sources relating to fish populations in Alaska or regions with comparable climate.

The periodicity of egg incubation and development for all fish species is based on adult spawn
timing, available information regarding edgvelopment time from fertilization to emergence,

and observations of fry emergence. Egg development and incubation studies were performed for
sockeye and chum salmon during winter in the Susitna River and/or simulated environments
during the 1980s, butts-specific egg development and fry emergence timing is less well
documented for other species. Consequently, data from similar regions and temperature regimes
were used to help estimate the period of egg incubation and development. Documented timing
of fry emergence in late winter or early spring also was used to identify the end of the egg
incubation period and start of fry emergence.

Juvenile fry and smolt movement timing for all species was estimated during the 1980s based
primarily on capture at dianary downstream migrant traps operated in the Susitna River main
channel at Talkeetna (RM 103) and Flathorn (RM 22) stations. Fish capture data from 1980s
summer and winter sampling were used to supplement outmigrant trap data and to identity
habitat dilization of anadromous and resident fish species. Capture sites visited during the
1980s and 2000s were located in all major nesnitats between Susitna River RM 233.4 and
RM 7.1.

5.1.2.1. Chinook Salmon

The known distribution of Chinook salmon in the SusBaain extends from Oshetna Creek

(RM 233.4) to Cook Inlet at RM 0.0 (Jennings 1985, Thompson et al. 1986, Buckwalter 2011).
Estimated total adult Chinook salmon escapement in the Susitna Basin duririg1826

ranged from 10,453 to 77,937 based on pmakits of spawning survey reaches (Jennings 1985).
During the same period, Chinook salmon escapement to the Lower Susitna was consistently

highest among Susitna River subbasins (Jennings 1985). Chinook escapement to the Lower
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Susitna subbasin ranged fret8 to 58 percent of the total basin escapement duringi129&4,
while the proportion of Middle Susitna subbasin escapement ranged from 7 to 11 percent of the
total escapement during the same period (Jennings 1985).

Juvenile Chinook salmon in the SumsitRiver typically exhibibneof threefreshwater life

history patterns. One group of Chinook fry rear in their natal tributary for nearly one year prior
to emigrating to the ocean as age 1+ smolts, while a second group of Chinook disperse from
natal trbutaries throughout the spring and summer to Susitna River main channel, side channel
and slough habitats in the tlle and Loweregments (Roth and Stratton 1985, Stratton 1986).
Winter studies during the 1980s suggest that most Chinook fry utilizeotherlSusitna as

winter nursery habitat (Stratton 1986). A third freshwater life history pattern, in which juvenile
Chinook emigrate to the ocean as age 0+ smolts, was either exhibited by very few juvenile
Chinook during the 1980s or was subject to higkaocmortality based on adult scale analyses
(Barrett et al. 1985, Roth and Stratton 1985, Suchanek et al. 1985). Age analysis of adult
Chinook scales in 1985 indicated that 5% of fish sampled had emigrated as age 0+ smolts
(Thompson et al. 1986).

51.2.1.1. Upper Segment

The upstream extent of documented adult Chinook salmon presence in the Upper Susitna River
is Kosina Creek (RM 206.8), while juvenile Chinook have been identified as far upstream as the
Oshetna River (RM 233.4) (Buckwater 2011, AEA unpublished d&&) observations of adult
Chinook salmon have been recorded inUipper Riverand as a result, the timing of migration

and spawning is not well defined. Active Chinook spawning was observed in Kosina Creek
during late July, which suggests that the gasiof adult Chinook migration and spawning in this
segment may be similar to that described for Chinook in the Middle Susitna River $Tlaib)e
(Buckwalter 2011). If so, the timing and duration of egg incubation and fry emergence would
also likely be omparable to the period described for the Middle Segment (bable.

Chinook fry were documented in Kosina Creek (RM 206.8) in 2003 and 2011 and in the Oshetna
River (RM 233.4) in 2003 (Buckwalter 2011). No Chinook salmon were identified ib/ppgr
Rivertributaries sampled during impoundment studies in 1982 (Deadman, Watana, Kosina and
Jay Creeks) or in Watana Creek (RM 194.1) or Deadman Creek (RM 186.7) during aerial
spawning surveys conducted in 1984 (Sautner and Stratton 1983, Barrett €5yl TI88

periodicity of juvenile Chinook salmon rearing and migration are poorly defined lopher

Riverdue to a paucity of data pertaining to juvenile Chinook presence and movement. It is
unclear whether juvenile Chinook captured in 2003 and 20ttieldpper Rivewere age 0+

and/or age 1+ (Buckwalter 2011). Periodicity of juvenile Chinook rearing and migration are
considered undefined until additional data are available.

5.1.2.1.2. Middle Segment

Adult Chinook salmon typically entered the Middle Susitna River during upstream spawning
migrations in early June of each year, with most movement occurring late June and early July
(Table5.1-1). Adult Chinookprimarily utilized main channel habitats fiarigration to access
spawning sites, which were distributed nearly exclusively in tributary haBibH&G 19833

Jennings 1985, Thompson et al. 1986). Upstream migration into Middle Susitna River tributaries
was delayed from that of main channel mignatmd occurred from in midune through early
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August (Jennings 1985, Trihey & Associates anttik 1985). Most tributary migration
occurred during July (Tab®R1-1) (Jennings 1985).

The spawning period for Chinook salmon in the Middle Segment durenfy380s was early

July through late August, with the majority of spawning activity occurring between late July and
mid-August (Tableb.1-1) (Barrett et al. 1985, Jennings 1985, Thompson et al. 1986). Chinook
spawning occurred almost entirely in tribuégrin the Middle Susitna, with occasional use of
habitat at tributary mouth&DF&G 19833 Jennings 1985, Thompson et al. 1986). Spawning
was observed at Cheechako Creek (RM 152.4) and Chinook Creek (RM 157) tributary mouths in
1982 but was not documentatisimilar habitats elsewhere in the Susitna BasSibH&G 19833
Barrett et al. 1985, Thompson et al. 1986). Chinook spawning was not documented in main
channel habitats during 19811985; however, surveys conducted during 108385 did not
specificaly target Chinook salmorADF&G 19833 Barrett et al. 1984Jennings 1985,

Thompson et al. 1986). The primary spawning tributaries during the 1980s were Indian River
and Portage Creek; annual peak index counts of live Chinook during 1986 in these

streams accounted for over 90 percent of total annual peak index counts among Middle Susitna
tributaries (Jennings 1985, Thompson et al. 1986).

Chinook salmon egg incubation extends from the start of spawning in early July through juvenile
fry emergence, though egg development and the timing of fry emergence in this segment is not
well defined due to limited availability of winter sampling da@hinook fry emergence began

prior to the start of outmigrant trap seasonal operation iANag 1983 and 1985, though ice

cover precluded trapperation prior to this point (Schmidt et al. 1983, Roth et al. 1986). Salmon
egg incubation time depends on aratemperature and approximate time necessary for Chinook
egg development from the point of fertilization to fry emergence can range from 316 days at
water temperatures of 2° C to 191 days at 5° C (Murray and McPhailQ@88) 2005). Based

on these datand approximate timing of Chinook emergence in similar areas, emergence in the
Susitna River is estimated to begin in early March (T&Hlel) (Scott and Crossman 1973,
Jennings 1985). Small size of juvenile Chinook captured during May and June stiggest
Chinook emergence may continue until early May or later (RottSémadtton 1985). The small

size (35 mm) of some agi+ Chinook captured at outmigrant traps in June and July of 1981,
1982 and 1983, supports the possibility that emergence maywsthiough May or beyond
(Table5.1-1) (Jennings 1985).

Age 0+ Chinook salmon fry movement from natal tributaries was observed to peak at the start of
tributary sampling in June and continued through September in 1981, 1984, and 1985 (Delaney
et al. 1984, Roth and Stratton 1985, Roth et al. 1986). These data, in conjunction with early
June presence of age 0+ Chinook in the mainstem Susitna River, indicate that the period of age
0+ fry migration from tributaries occurs from early May through-®aptembe with most

movement in late May and July (Taldd-1) (Roth et al. 1984, Roth et al. 1986). Chinook that
remained in the Middle Segment primarily occupied tributary and side channel habitats during
the summer and side channels and side sloughs duirtey {Figure5.1-1) (Dugan et al. 1984).

Age 0+ Chinook that emigrated from the Middle Susitna River moved downstreanLmabe
Riverfrom early May through late September, and peak movement occurred in July and early
August (Tableb.1-1) (Roth et al1984, Roth and Stratton 1985, Roth et al. 1986). These
downstream migrant age 0+ Chinook either selected winter nursery habitats in the Lower Susitna
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or immigrated to estuarine habitats; the relative proportion of fish that demonstrated each life
historywas not clear based on 1980s studies (Roth and Stratton 1985).

Age 1+ Chinook salmon utilized side channels and side sloughs as primary nursery habitats
during winter in the Middle Susitna, and tributary mouths, main channels, and upland sloughs as
secondry habitats. Based on winter capture data, emigration of age 1+ Chinook from natal
tributaries and mainstem nursery areas began in early winter and was mostly completed by July
(Table5.1-1) (Stratton 1986, Roth et al. 1986). Catch records at the Taék&¢ation

outmigrant trap (RM 103) indicated that age 1+ Chinook emigration from mainstem areas started
prior to the late May start of trap operation in 1984 and 1985 (Roth and Stratton 1985, Roth et al.
1986). Outmigration data during 1983985 indiate age 1+ Chinook emigration from Middle
Susitna mainstem areas occurred from early May throughAengdist, with most movement

between late May and early July (Tablé-1) (Roth et al. 1984, Roth and Stratton 1985, Roth et

al. 1986).

51.2.1.3. Lower River

Adult Chinook salmon entered the Lower Susitna River in late May and upstream migration to
tributary spawning sites continued through the spawn period in late August pThlh)gBarrett

et al. 1984 Thompson et al. 1986). The peak of migration inLitmer River occurred during

the latter part of Jund@rrett et al. 1984Thompson et al. 1986). Susitna River fishwheels were
not operational prior to late May during the 1980s studies, so Chinook movement patterns prior
to this time are not well documented. eTtiming of upstream migration into tributaries is not

well documented in the Lower Susitna; however, based on main channel movement timing and
initiation of spawning in tributaries, tributary migration is estimated to occur fromlomd

through August (&ble5.1-1).

Chinook salmon spawning in the Lower Susitna River occurred entirely in tributary habitat with
no observed use of mainstem, side channel or slough habitats (Barrett et al. 1985, Thompson et
al. 1986). The Chinook spawn period in 1984 ar8blifi tributaries took place from early July
through late August, with the peak of spawning during the last three weeks of JulyXTble
(Barrett et al. 1985, Thompson et al. 1986). Primary Chinook spawning tributaries in the Lower
Susitna River inelded the Yentna River (RM 28), Alexander Creek (RM 10.1), Deshka River

(RM 40.6), Willow Creek (RM 49.1), Montana Creek (RM 77.0), Talkeetna River (RM 97.1)

and Chulitna River (RM 98.5) (Jennings 1985). Chinook escapement in the Deshka River
accounted foat least 60 percent of the total annual Lower Susitna escapement in each year
during 19821 1984 (Jennings 1985).

The start of Chinook salmon egg incubation in the Lower Susitna River was coincident with the
start of spawning in early July and is presahto be similar to estimated incubation and

emergence timing in the Middle Segment (Tdhtk1) (Schmidt and Bingham 1983, Jennings
1985). Chinook fry emergence was estimated to occur during March, April though the small size
of juvenile Chinook captured in May and June indicate that the period may extend to early May
or later(Table5.1-1) (Jennngs 1985, Roth and Stratton 1985).

Dispersal of age 0+ Chinook salmon from natal tributaries ihdeer Riverwas not well
defined during 1980s studies. Age 0+ Chinook fry were captured at main channel outmigrant
traps in early June during 1984 and 1988ich suggests that timing of tributary migrations
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began in mieMay (Table5.1-1) (Roth and Stratton 1985, Roth et al. 1986). Weir catch on the
Deshka River (RM 40.6) indicated that age 0+ Chinook movement peaked during July and
continued through Septdrar (Delaney et al. 1981a, Roth and Stratton 1985). Age 0+ Chinook
migrated through the Lower Susitna main channel from late May through September, with peak
movement during late July and early August (Tdblel) (Roth and Stratton 1985, Roth et al.

1986). Many of the age 0+ Chinook captured at outmigrant traps at Flathorn Station (RM 22)
were believed to emigrate to the ocean in their first year because few age 0+ fish were captured
downstream of this trap during 1984 site sampling efforts (Roth aiatdld®t 1985, Suchanek et

al. 1985).

Age 1+ Chinook salmon movement was not well documented for the Lower Susitna, but appears
to be similar to that of the Middle Segment based on available information. Migration of age 1+
Chinook from natal tributariesasted in January and continued through July (Stratton 1986);

catch records from Lower Susitna tributaries indicated age 1+ Chinook were absent as of August,
but timing of peak movement is unclear due to sparse data .kl (Schmidt et al. 1983).

Age 1+ migration from mainstem habitats appeared to start prior to the late May start of trapping
at the Flathorn Station (RM 22) in 1984 and 1985, and is assumed to have begun in early May
(Table5.1-1). Catch at this trap indicates that movement age 14+ememt continued through

the end of August and peaked during late June and early July (Roth and Stratton 1985, Roth et al.
1986).

5.1.2.2. Sockeye Salmon

Sockeye salmon were distinguished during 1980s studies in tefirset ahdsecond rus based

on adult migrabn timing and spawning location (Jennings 1985, Thompson et al. 158§6).
runsockeye adult spawning and juvenile rearing occurred within the Fish Creek system in the
Talkeetna River Basin (RM 97.2) and in the Fish Lake system located within theaYrainar

(RM 30.1) during the 1980s (Thompson et al. 19&gcond rursockeye spawning and rearing
occurred within Susitna River mainstem and tributary habitats in the MiddIeawer
segmentand weralistributed from Devils Canyon (RM 150) to Cook In(Barrett et al. 1985,
Jennings 1985, Thompson et al. 1986, Yanusz et al. 2007).

Thefirst run of sockeye salmon was substantially smaller thasélcend rurand was known

during the 1980s to only spawn within tributaries of the Talkeetna (RM 97.2jemda (RM

30.1) rivers (Jennings 1985, Thompson et al. 1986). Total escapement in 1485 rian

sockeye in the Susitna Basin was 11,750 (Thompson et al. 1986). Estimated escapement of
second rurof sockeye salmon was 407,600 for the entire SuBisis#n, 120,800 at the Sunshine
Station fishwheel (RM 80) and 2,800 at the Curry Station fishwheel (RM 120) (Thompson et al.
1986). In 1984, estimated total basin escapemesgaind rursockeye was 605,800 and the
proportional abundance at Sunshine (B8) and Curry (RM 120) stations was similar to that
observed in 1985 (Barrett et al. 1985). Based on estimated escapements at sampling stations in
1984 and 1985, mosecond rursockeye within the Susitna Basin utilize tributaries downstream
of Sunshine t&tion (RM 80) (Barrett et al. 1985, Thompson et al. 1986).

Juvenile sockeye salmon in the Susitna River typically reside in freshwater nursery habitats for
one year prior to emigrating as atye smolts, though adult scale analysis during the 1980s and
in 2008 indicate a portion emigrate as-8geor age2+ smolts Barrett et al. 1984Barrett et al.

1985, Thompson et al. 1986, Yanusz et al. Bp11n the Middle Segment, a substantial portion
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of age0+ sockeye salmon fry redistribute from natal areasduhe open water season to

nursery habitats in theower River though some remain within the Middle Segment through
winter (Dugan et al. 1984, Roth and Stratton 1985, Roth et al. 1986). A portion of the Susitna
River sockeye emigrate to marine areasrdy the first year as aget, though the relative
proportion of juvenile sockeye salmon that exhibit this early life history type was believed to be
small based on the small proportion (less than 10 percent) of adult sockeye scales with this
pattern (Barett et al. 1985, Thompson et al. 1986, Roth et al. 1986).

5.1.2.2.1. Middle Segment

Adult sockeye salmon in the Middle Segment, which are comprisgecohd rurstock,

typically began upstream migration during the 1980s in early July with peak movement during

late July and early August (Tabiel-2) (Jennings 1985, Thompson et al. 1986). Minimal

holding or milling behavior was observed by adult sockeye salmon, so observed main channel
migration timing at Curry (RM 120) and Talkeetna (RM 103) stations is likelilasi to

upstream movements into side slough spawning e&&G 19839. Adult sockeye in the

Middle Segment utilize main channel and side channel areas to access primary spawning areas in
side sloughs (Jennings 1985).

Nearly all sockeye spawning ihe Middle Segment occurred within side sloughs, though active
spawning in the mainstem and occasional use of tributaries was observed (Jennings 1985,
Thompson et al. 1986). Sockeye salmon spawning in side sloughs occurred from early August
through early ©tober and peaked during the month of September (Jennings 1985, Thompson et
al. 1986). Mainstem spawning in 1983 and 1984 was observed duringndithte September,

while the few observations of adult sockeye spawning in tributaries occurred in gagyn8er
(Table5.1-2) (Barrett et al. 1984Barrett et al. 1985). Primary spawning sloughs in the Middle
Segment during the 1980s were Slough 21 (RM 141.1), Slough 11 (RM 135.3), and Slough 8A
(RM 125.1) (Jennings 1985).

Sockeye egg incubation in the MiddSegment is initiated at the start of spawning in early

August and is estimated to continue through May based on observations of sockeye egg
development during winter 1982 (Taldd-2) (Schmidt and Estes 1983, Jennings 1985, Roth

and Stratton 1985). Eengence timing for sockeye in side slough habitats is estimated to occur
from late March through May, though timing is likely variable among sites due to differences in
intergravel incubation conditions (e.g., water temperature and dissolved oxygen(lExkels)

5.1-2) (Schmidt and Estes 1983, Wangaard and Burger 1983, Jennings 1985). The duration of
incubation at two Middle Segment sites, Slough 11 (RM 135.3) and Slough 21 (RM 141.1), was
approximately 1340 days and sockeye fry emergence was eitiiteated or completed at

these two sites by late April (Schmidt and Estes 1983). The wide size range of juvenile sockeye
salmon fry captured at outmigrant traps &ogver Riversampling sites may indicate that
emergence continues over a long period (RathStratton 1985).

Age-0+ juvenile sockeye salmon in the Middle Segment primarily utilize natal side sloughs and
upland sloughs for nursery habitat (Figbrg-1) (Schmidt et al. 1983, Dugan et al. 1984).

Juvenile sockeye capture data following breagtements in side sloughs in 1983 suggested that
age0+ sockeye dispersed from breached side sloughs and redistributed to upland slough areas
during late summer (Dugan et al. 1984). Use of main channel, side channel, tributary and
tributary mouth habitatBy juvenile sockeye in the Middle Segment was low during 1980s
studies(Dugan et al. 1984)Juvenile sockeye us# main channel and side channel areas was
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highest in backwatered areas with low water velocity (Dugan et al. 18825t age0+ sockeye

from the Middle Segment disperse downstream during the open water season to either reside in
Lower Rivernursery habitats for the winter or emigrate to marine areas @tagjaolts (Roth

and Stratton 1985, Suchanek et al. 1985, Roth et al. 1986). Disdeagalds sockeye from

natal habitats was typically underway prior to the start of mainstem outmigrant trapping at
Talkeetna Station (RM 13), but likely began in early May, peaked in late June and July and
declined in September (TalBel-2) (Roth and Strébn 1985, Roth et al. 1986MHigh juvenile

sockeye use was observed in Side Slough 11 (RM 135.3) and upland Slough 6A (RM 112.3)
during summer 1983 (Dugan et al. 1984).

Age-1+ sockeye salmon typically began emigration from the Middle Segment prior tetemain
outmigrant trap seasonal operation during the 1980s studies, but fyke net traps opémied in
Riverside channels suggest that downstream movement may have begun in early April (Table
5.1-2) (Bigler and Levesque 1985). Ade migration peaked during late May and early June
and was completed by early or late July among sampling years in the 19805(T&ple

(Schmidt et al. 1983, Roth et al. 1984, Roth and Strattof)1®ased on the lowumber of

agel+ sockeye captured at outmigrant traps, it was hypothesized that most juvenile sockeye
salmon from the Middle Segment dispersed toLinveer Riverprior to winter (Roth et al. 1984,
Roth and Stratton 183.

51.2.2.2. Lower River

First andsecond uns of adult sockeye utilize thewer Riverof the Susitna River for migration
(Thompson et al. 1986). Migration fifst runsockeye in théower Riverin 1984 occurred
during late May and June and appeared to peak in early June $TRB)gd Thompsoret al.

1986). First runsockeye spawn exclusively in the Talkeetna and Yentna basibewsws River
use by this stock is for passage only (Barrett et al. 1985, Thompson et al. $886hd run

adult sockeye salmon migration occurs from early July tiindseptember with most movement
during late July and early August (Talld-2) (Barrett et al. 1985, Thompson et al. 1986).

Second rursockeye spawn almost entirely withiower Rivertributaries (Barrett et al. 1985,
Thompson et al. 1986, Yanusz et2007, 201lb). No spawning was observed in main channel,
side slough, or tributary mouth habitats in 1984, though approximately 4 percent of adult
sockeye radio tagged in 2006 utilized mainstem areas for spawning (Barrett et al. 1985, Yanusz
et al. 2007).Second rursockeye spawn timing in th@wer Riveris estimated to occur from

late July through September and peak during August, though data are sparse for spawning
tributaries (Tablé.1-2) (Barrett et al. 1985, Thompson et al. 1986). Princgpabndun

spawning basins in tHeower Riverare the Talkeetna (RM 97.2) and Yentna (RM 30.1) rivers
(Barrett et al. 1985, Thompson et al. 1986, Yanusz et alb2011

Sockeye egg incubation and fry emergence timing in mainstem aread ofnitbeRiverare

likely similar to the period described in the Middle Segment (Tald}®), though timing in

Lower Rivertributaries is not well defined. Egg incubation occurs from the start of spawning in
early August through May based on observations of sockeye egg deealoguming winter

1982 (Tables.1-2) (Schmidt and Estes 1983, Jennings 1985, Roth and Stratton 1985).
Emergence timing for sockeye in side slough habitats is estimated to occur from late March
through May, though timing can be dependent onsgiexific ntergravel incubation conditions
such as water temperature and dissolved oxygen levels @.ag (Schmidt and Estes 1983,
Wangaard and Burger 1983, Jennings 1985). Based on wide size ranges of juvenile sockeye
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salmon fry captured at outmigrant trapsl&ower Riversampling sites, the emergence period
may continue over a long period (Roth and Stratton 1985).

The majority of juvenile sockeye salmontheLower Riveruse lacustrine nursery habitats

during freshwater residence, though a portion usgsaassociated with the mainstem Susitna
River (Suchanek et al. 1985). AQe dispersal from natal areasliower Rivernursery habitats
occurred concurrently with movements in the Middle Segment, from early May through
September, though most movement wasng late June, July and early August based on
outmigrant trap data at Talkeetna (RM 103) and Flathorn (RM 22) staliahk6.1-2) (Roth

and Stratton 1985, Suchanek et al. 1985w ageO+ sockeye abundance within thewer

River mainstem areas soaifter ice breakup was attributed to the general lack of mainstem adult
spawning habitat, while higher abundance during late June was likely a result of juvenile
sockeye redistribution from the Middle Segment (Suchanek et al. 1985). Juvenile sockeye
abundince in theower Riverwas highest in tributary mouth habitats, though capture rates were
variable among these areas (Suchanek et al. 1985). Relative to tributary mouths, sockeye use
was low in main channel and side channels and minimal in side sldbigtisapek et al. 1985).
Highest capture rates of sockeye salmon were among habitats with low turbidity leviel2&5
NTU) (Suchanek et al. 1985). Juvenile sockeye abundance declined in breached side channels
with increasing main channel discharge, @ittiue to elevated turbidity or current velocity levels
caused by breaching (Suchanek et al. 1985). Juvenile sockeye salmon abundanamnarthe
Riverwas generally highest at Beaver Dam Slough and Side Channel (RM 86.3) and at Rolly
Creek mouth (39.0among sampled sites (see SectiofStichanek et al. 1985).

Age-1+ sockeye salmon emigration frdrawer Riverhabitats began in early April, based on

fyke net trapping data frotower Riverside channels, and continued through-woidate July

at the Flathorn Station (RM 22) outmigrant trap (Bigler and Levesque 1985, Roth and Stratton
1985). In 1984, most ager sockeye migrated during late May and June (Talild) (Roth

and Stratton 1985

5.1.2.3. Chum Salmon

Chum salmon are distributed in the Susitna Basin from Devils Canyon (RM 150) downstream to
Cook Inlet (Jennings 1985, Thompson et al. 1986). Among Pacific salmon species, chum
salmon are the most abundant salmon species returning tadteaSRiver, except during high
evenyear pink salmon runs. The average combined annual chum salmon escapement in the
Yentna Basin and Susitna Basin upstream of RM 80 during-1984 was 452,200; annual
escapement was not estimated for the Susitha Blasinstream of RM 80 during 198083,
excepting the Yentna Basin (Jennings 1985). Escapement during998%or the Middle

Segment, upstream of RM 103, was 54,600 (Jennings 1985). During 1980s studies, chum
spawning primarily occurred in the TalkeetRiaer Basin, whereas in 2009 radio telemetry data
indicated a larger chum escapement in the Yentna Basin (Barrett et al. 1985, Merizon et al.
2010). Approximately 4 percent of tagged chum in 2009 spawned in the Middle Segment and 14
percent used thieower Riverand associated tributaries for spawning, excluding the Chulitna,
Talkeetna, and Yentna Rivers (Merizon et al. 2010).
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5.1.2.3.1. Middle River

Adult chum salmon migration in the MiddRaver of the Susitna River typically began in mid

July during 1980s studies and peaked during September in mainstem and tributary habitats
(Table5.1-3) (Jennings 1985, Thompson et al. 1986). Timing of entry into spawning tributaries
by adult chum can be delay#éor a week or more as fish hold near the mouth of the tributary,
based on radio tag studies in the early 1980s (ADF&G 18BE&G 19839. Chum salmon

utilize a range of mainstem and tributary habitat to access Middle Segment spawning areas
located in tibutary, side slough, side channel and main channel habitats (Jennings 1985).

Adult chumsalmon primarily spawned in tributary and side slough habitats during the 1980s,
though some spawning occurred in mainstem habitats (Jennings 1985, Thompson 6}.al. 198
Less than 10 percent of observed chum spawthingg 19811984 occurred in mainstem

habitats in the Middle Segment (Jennings 1985). Spawn twesgbserved tdiffer among

side slough, tributary and mainstérabitats (Jennings 1985). The tribytapawning period

was from early August through September and peaked in late August and early Sepkabiber (
5.1-3) (Barrett et al. 1985, Jennings 1985, Thompson et al.)198&ide slough habitats, chum
spawning occurred from early August through 1@ictober, with peak activity occurring during
September (Tablg.1-3) (Barrett et al. 1985, Jennings 1985, Thompson et al. 1986). Mainstem
spawning occurred from early September through early October, though most chum spawned
during early September (Taldel-3) (Barrett et al. 1985, Jennings 1985, Thompson et al. 1986).
Portage Creek (RM 148.9), Indian River (RM 138.6) and 4th of July Creek (RM 131.1) were the
primary chum spawning tributaries during the 1980s, while sloughs 21 (RM 141.1), 11 (RM
135.3),and 8A (RM 125.1) were principal side sloughs used for spawning (Jennings 1985).

Incubation of chum salmon eggs began at the start of spawning in each habitat type: early August
in tributary and side sloughs, and early September in main channel aabbeb(1-3) (Barrett et

al. 1985, Jennings 1985, Thompson et al. 1986). Egg incubation conditions among these habitats
differ considerably, particularly in terms of water temperature, and such differences can affect

egg development timing (Wangaard anddgar 1983, Vining et al. 1985). Bigravel water
temperatures in tributary and main channel are strongly influenced by surface streamflow, which
suggests that incubation temperatures are high during fall and near freezing during winter

(Vining et al. 198). In contrast, irgrgravel water temperatures in side slough habitats are

typically higher relative to tributary and main channel areas during winter due to the influence of
thermally stable groundwater upwelling (Vining et al. 1985). Timing of chyrarfrergence in

tributary and main channel areas is estimated to begin in early March, approximately two weeks
later than the estimated start of emergence in side slough areas, based on evaluation of chum egg
incubation and development in variable tempeetagimes (Tablé.1-3) (Wangaard and

Burger 1983, Vining et al. 1985). The duration of chum emergence periods among habitats are
not well defined due to sampling difficulty during this time, however, based on the small size of
juvenile chum captured dbwnstream traps in late May, it is assumed that emergence in

tributary and main channel areas extends throughiaig (Table5.1-3) (Bigler and Levesque

1985, Roth and Stratton 1985).

Juvenile chum salmon emigrate from the natal habitats to marineaaraged+ smolts, though
some may feed within nursery habitats for one to three months prior to or during migration
(Morrow 1980,ADF&G 1983¢ Jennings 1985). Primary nursery habitats for@gehum
generallycorresponded with areas highly utilized lsjuh chum spawners (i.e., tributary and side

Susitna-Watana Hydroelectric Project Alaska Energy Authority
FERC Project No. 14241 Page 54 March 2013



REPORT 2012 INSTREAM FLOW PLANNING STUDY

slough)(Figureb.1-1); areas with the highest juvenile density also supported the highest
spawning density (Jennings 1985, Dugan et al. 1984). Tributary mouths and side channels were
also occupied by juvenilehum, though their use was low relative to side slough and tributary
areas (Figuré.1-1) (Schmidt et al. 1983). Downstreamgration of juvenile chum began prior

to the start of outmigrant treggasonabperation in midand late May 1983 and 1985, ayttd

trap data collected in tHeower Riversuggest an early May start of juvenile chum movement
(Dugan et al. 1984, Roth et al. 1986). Based on these capture de@a, @gem movement in

the Middle Segment is estimated to occur from early May throughAmgaist and peak during

late May and June, though peak timing was variable during the 1980s and correlated with Susitna
River discharge levels (Tab%el-3) (Roth et al. 1984, Dugan et al. 1984, Roth et al. 1986). The
vast majority (> 95 percent) of juvieachum movement was completed by Adidy during

1980s studies (Jennings 1985, Roth et al. 1986).

5.1.2.3.2. Lower River

Adult chum salmon spawning migration in thewer Riverof the Susitna River during the

1980s began in early July, peaked during late Julyeanly August and continued through the
end of spawning in early October (Tabld-3) (Barrett et al. 1985, Thompson et al. 1986).
Timing of entry intoLower Rivertributaries is likely delayed approximately one to two week
from mainstem movement based observations of adult chum behavior during radio telemetry
studies in the 1980s (Tal#el-3) (ADF&G 1981,ADF&G 198339. Adult chum passage occurs
in a variety ofLower Rivermainstem habitats to access tributary, tributary mouth, side slough,
side chanel and main channel spawning areas (Barrett et al. 1985, Thompson et al. 1986).

In theLower River adult chunspawned irtributaries, tributary mouths, side channel, side
slough, and main channel habitats and spawn timing appeared to differ among habitats during
1980sstudiegBarrett et al. 1985, Thompson et al. 1986). Spawning in tributary and tributary
mouth habitats arred from midJuly through September and peaked during late July and early
August Table5.1-3) (Barrett et al. 1985). Among main channel, side channel and side slough
habitats, chum spawning started in late August, peaked in early September and plakedam
early OctoberTable5.1-3). Tributaries and tributary mouths were primary spawning areas for
chum in theLower Riverduring 1984; high utilization dfower Riverside channels by juvenile
chum during 1984 possibly indicated high spawning tmrigh this could not be verified during
spawn surveys (Barrett et al. 1985, Suchanek et al. 1982009, #milar proportions of tagged
adult chum used mainstem (i.e., tributary mouth, side channel, side slough, and main channel)
habitats for spawningefative to tributaries (Merizon et al. 2010). The presence of groundwater
upwelling was noted at most main channel, side channel and side slough spawning sites (Barrett
et al. 1985). The Yentna and Talkeetna Rivers were primary spawning tributariesrfor ¢
salmon in thd_.ower River while Birch Creek SlougfRM 88.4)was an important side slough
(Barrett et al. 198).

The periods of chum egg incubation and fry emergence is considered to be wirthiht of the

Middle River, though utilization of spawng habitat is distinct between segmerigg

incubation began in early August in tributary and tributary mouth sites and in early September at
main channel, side channel and side slough areas (3dB% Specific information on egg
development anthtergravel incubation conditions are lacking for spawning sites ihokesr

River (see Section 3.4.1), but the duration of incubation and timing of fry emergence is assumed
to resemble Middle Segment timing. Timing of chum fry emergence in tributary anstema
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areas is estimated to begin in early March and extend througNayidbased on capture timing
at fyke net trap operated &ower Riverside channels and the size of chum captured at
outmigrant traps in late May (Tal#el-3) (Bigler and Levesque 8%, Roth and Stratton 1985).

Prior to emigration, age 0+ juvenile chum salmon inLiber Riverwere widely distributed

among habitat types during late spring and early summer, though the highest densities were
captured in side channel and tributary mioliabitats (Suchanek et al. 1985). Juvenile chum
distribution reflected that of adult chum spawning; low use of side slough habitats relative to
tributary mouths by chum fry was an indication of the low number of side sloughsLiowiee
Riverused forchum spawning (Suchanek et al. 1985). Side channel use by juvenile chum may
have been an indicatioof adult chum spawning in such habitats, however, the prevalence of
spawning inLower Riverside channels could not be assessed due to insufficient sgmplin
coverage (Suchanek et al. 1985). The period of0agehum salmon emigration from thewer
Riveris similar to that described for the Middle Segment:@gehum emigration from the

Lower Riveris estimated to occur from early May through midgust anl peak during late May
and June (TablB.1-3) (Bigler and Levesque 1985, Roth and Stratton 1985, Roth et al. 1986).
Emigration started prior to outmigrant trap seasonal operation, but fyke net trappiogen
Riverside channels suggest an early or-Mialy start of movement (Bigler and Levesque 1985).
During downstream migration, juvenile chum primarily utilized side channel habitats and use of
side channels mostly occurred prior to high turbidity levels, which are typically elevated from
June to AugusfSuchanelet al. 1985). AgedD+ chum capture was highest in habitats of low
turbidity (less than 50 NTU) and lowest in areas with turbidity values greater than 200 NTU
(Suchanek at al. 1985). Use of tributary mouths by emigrant chum was low relatoe to s
channel areas (Suchanek et al. 1985).

5.1.2.4. Coho Salmon

Coho salmon distribution in Susitna River Basin extends from Portage Creek (RM 148.9)
downstream to Cook Inlet (Jennings 1985, Thompson et al. 1986). Average combined
escapement for coho salmon in ¥entna Basin and Susitna Basin upstream of RM 80 during
19811984 was 61,400; annual escapement was not estimated for the Susitna Basin downstream
of RM 80 during 19811983, excepting the Yentna Basin (Jennings 1985). During-1984,

average escapemaitthe Talkeetna Station (RM 103) fishwheel was 5,700, while averaged
escapement estimates at the Sunshine Station (RM 80) and Yentna River Station (RM 28.0, TRM
4.0) were 43,900 and 19,600 fish, respectiveiying the samgme period (Jennings 1985).

Total coho salmon escapement in the Susitna Basin was estimated to be 663,000 in 2002
(Willette et al.2003).

Most juvenile coho salmon in the Susitna Basin reside in nursery habitats for 1 or 2 years prior to
emigrating as agé+ and age+ smolts to mane areas, based on scale analysis of returning

adults Barrett et al. 1984Barrett et al. 1985). The proportions of coho that emigrate ak+age

and age2+ varied among years during the 1980s, though approximately equal proportions of
adults exhibiteckach life historyBarrett et al. 1984Barrett et al. 1985). Amall portion (<5

percent) of juvenile coho emigrated as-8gesmolts Barrett et al. 1984Barrett et al. 1985).
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5.1.2.4.1. Middle River

Upstream spawning migration of adult coho salmon into the Middller of the Susitna River
typically began in late July and continued through early October based on studies conducted in
during the 1980s, with peak movement during early andAuigust (Talke 5.1-4) (Jennings

1985, Thompson et al. 1986). Adult coho primarily used main channel areas for migration to
access tributary spawning sites (Jennings 1985). Timing of upstream migration into spawning
tributaries was delayed from main channel moverdastto holding and milling behavior by

adult coho in the lower extent of the Middle Segment or proximal to spawning tributaries
(ADF&G 1981 ADF&G 19839. Based on observed milling and/or delay between date of radio
tagging and tributary entry, the timiiod tributary entry and upstream migration is estimated to
occur from early August through early October, with peak movement in late August and early
September (Tablg.1-4).

Adult coho salmon spawning occurred almost entirely within clear water tritgjtdraigh
occasionhuse of one main channiehbitat has been observed in the Middle Segment &XBF
1984, Barrett et al. 1985, Merizon et al. 2010). Radio tracking studies conducted in 2009
indicated that approximately 1 percent of all tagged coho salmear275) spawned in mainstem
(i.e., main channel, side channel and/oratfannel) habitats in the Middle Segment (Merizon et
al. 2010). No spawning was observed by coho salmon in surveyed slough or tributary mouth
habitats during 1980s studies (Baredtal. 1985, Jennings 1985). Coho spawning during 1980s
studies occurred from midlugust through early October and peaked during endl late
September (Tablg.1-4). The spawn period for coho salmon main channel spawning is assumed
to be the same ashutary spawning due to sparse main channel spawning data. Primary
spawning tributaries in the Middle Segment are Indian RR&t 138.9, Gash CreekRM

111.6) Chase CreelRM 106.4) and Whiskers CreglRM 101.4)(Jennings 1985, Thompson et
al. 1986).

The timing and duration of coho egg incubation and fry emergency is not well defined in the
Susitna River due to sparse winter data. The incubation period is considered to coincide with the
start of spawning in midugust and continue through fry emenge (Tables.1-4). Coho fry
emergence began prior to the start of outmigrant trap seasonal operatioAMiaynl®83 and

1985, though ice cover precluded trap operation prior to this point (Schmidt et al. 1983, Roth et
al. 1986). Salmon egg incubatiom#& depends on water temperature and the duration necessary
for coho egg development from the point of fertilization to fry emergence can range from 228
days at water temperatures of 2° C to 139 days at 5° C (Murray and McPhail 1988, Quinn 2005).
Based orthese data and approximate timing of coho salmon emergence in similar areas, coho fry
emergence in the Susitna River is estimated to begin in early March pl&H)e(Scott and

Crossman 1973)The small size (35 mm) afge0+ coho captured in June addly of 1981,

1982 and 1983uggests that emergence may continue through May or beyond $Tk#)e

(Jennings 1985).

Age 0+ coho salmon utilized natal tributaries for nursery habitats immediately following
emergence, but many emigrated from tributasi@sn after emergence to mainstem habitats
between early May through October (Tabl&4; Figure5.1-1) (Jennings 1985). Within the
Susitna River mainstem, afjg¢ coho primarily used clear upland sloughs and side sloughs
relative to turbid areas affectbg main channel streamflow (Figusel-1) (Schmidt and
Bingham 1983, Dugan et al. 1984). Many-gecoho salmon moved downstream toltbever
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Riverduring the open water period based on outmigrant trap catch data (Roth et al. 1984).
Downstream movemeiff age0+ coho to thd.ower Riverappeared to begin in early May, prior
to outmigrant trap seasonal operation each year, and continued through October, with peak
movement from late June to late August (Tdblke4) (Jennings 1985, Roth et al. 1986).
Obseved movement by ag@t+ coho observed in September and October may have been a
reflection of dispersal to suitable winter nursery habitats, which were primarily located in side
sloughs and upland sloughs in the Middle Segment (Jennings 1985, Roth e6pl.Ga8&h at

the Flathorn Station (RM 22) outmigrant trap during fall suggested that sor@e- @géio may
have immigrated to marine or estuarine areas (Roth and Stratton 1985).

Ages1+ and 2+ coho salmon primarily utilize clear water natal tributaries,stoughs, and

upland sloughs as nursery habitat in the Middle Segment (Dugan et al. 1984). Juvenile coho
salmon that remain in the Susitna Basin aslgparr, typically disperse from natal tributaries

and mainstem nursery habitats within the MiddlgrBent toLower Riverhabitats, as few age

2+ coho were captured within the Middle Segment during the 1980s (Stratton 1986). Coho parr
that remain within the Middle Segment during winter utitizeutaries side sloughs and upland
sloughs as nursery ha&iit Oelaney et al. 1981&tratton 1986). During winter and early

spring, juvenile coho parr disperse from nursery habitats, though the timing and pattern of this
movement is not well understood. Limited data collected during winter1984 suggested

that juvenile coho parr exhibit similar movements as juvenile Chinook salmon, in that
downstream migration from tributaries, and possibly mainstem nursery habitats, begins between
early November and February (Tabld-4) (Stratton 1986). Downstream movent of agel+

coho from the Middle Segment occurs throughout the open water season, with peak activity
between late May and early July (Tablé&-4) (Schmidt et al. 1983, Roth et al. 1984, Roth et al.
1986). Age 2+ emigration from the Middle Segment labibegins in early winter and

continues through June, with peak migration in late May and early June bIadle(Schmidt

et al. 1983, Roth et al. 1984, Roth et al. 1986).

51.2.4.2. Lower River

Adult coho salmon migration timing in the main channel areasedfdtver Riveroccurred from

early July through early October during studies conducted in the 1980s, with peak passage in late
July and early August (Tabt1-4) (Roth and Stratton 1985, Roth et al. 1986). Migration into
tributary spawning habitats is @staited to start in midor late July and peak during the month of
August (Tablé.1-4) (Roth and Stratton 1985, Roth et al. 1986).

Spawn timing of adult coho salmonliower Rivertributaries is slightly earlier relative to

Middle Segment streams, andcacs from early or mighugust through early October, with peak
spawning in late August and early September (Taldll) (Roth et al. 1986). Coho salmon
spawning in thé.ower Riveroccurred almost entirely in tributary habitats during the 1980s
studies, hough approximately 13 percent of adult coho tagged in 2009 studies utibzed

River mainstem areas (i.e., main channel, side channel and/cnafihel) for spawning (Roth

and Stratton 1985, Roth et al. 1986, Merizon et al. 2010). No spawning was observed by coho
salmon in surveyed slough or tributary mouth habitaf984(Barrett et & 1985). Primary

coho spawning tributaries for coho salmon inltbever Riverbased on 1980s and 2009 data are
the Chulitna, Deshka and Yentna rivers (Thompson et al. 1986, Merizon et al. 2010).

The timing and duration of coho salmon egg incubation gneimergence is not well defined in
the Susitna Basin due to limited information. The start of egg incubation begins coincident with
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the start of spawning in early August and is estimated to continue through emergence in May
(Table5.1-4) (see Section 3.B). Juvenile coho fry emergence is believed to begin in March and
likely continues through May or later based on the small size of coho captured during June and
July during the 1980s (Tab%1-4) (Jennings 1985, Roth and Stratton 1985).

Following emegence, age 0+ coho salmon utilized natal tributaries for nursery habitat and a
portion of individuals emigrated from tributaries to mainstem habitats-0Agmho dispersed to
mainstem habitats throughout the open water season, but peak movement alccurgeldte
June, July and early August (Taldld-4) (Suchanek et al. 1985). Within thewer River
mainstem, ag@+ coho primarily used tributary mouths as nursery habitats, with little
comparative use of side channel or side slough habitats (Suchaiek385). Many agé+

coho salmon from the Middle Segment disperse downstream to suitable habitatsowehe
Riverduring the open water period and a portion of@geoho may emigrate to marine or
estuarine areas during September and October basegpture at the Flathorn Station (RM 22)
outmigrant trap (Roth and Stratton 1985).

Juvenile coho salmon parr (atie and age+) primarily utilized natal tributaries and tributary
mouths, side sloughs, and upland sloughs as nursery habitat durirestiveater rearing period
(Dugan et al. 1984). Agé+ coho in thd.ower Riverredistribute to suitable habitats throughout
the open water season, while a portion immigrate as smolts to estuarine areas (Roth et al. 1986).
Age-2 coho were believed to rearimarily in Lower Riverhabitats during winter based on low
capture rates of agefish in the Middle Segment during winter (Stratton 1986). During winter,
coho parr in thé.ower Riverused tributary mouths and side channels for nursery habitat
(Delaneyet al. 1981aStratton 1986). Agd+ and age+ coho are believed to begin emigration
from nursery habitats in early winter, based on limited data collected during winter in the Middle
Segment, though the peak of mainstem movement likely occurs duringghevater season

(Roth et al. 1986Stratton 1986). Agéd+ coho movement at the FlathdBtation (RM 22)
occurredthrough October with peak emigration during August (Tahle4) (Roth et al. 1986).
Age-2+ coho emigration from thieower Riveris estima&ed to occur between early January

through midJuly and peak during June (Tablé-4) (Roth et al. 1986).

5.1.25. Pink Salmon

Pink salmon exhibit a twgear life cycle such that each spawning population is genetically
distinct. In the Susitna Basin, the ewaa pink salmon population is substantially larger than

the population that spawns during odd years (Jennings 1985). Average combined escapement for
the Yentna Basin and Susitna Basin upstream of RM 80 during 1981 to 1984 was 1,138,400 for
evenyear pink shmon and 93,400 for odgear pink salmon; annual escapement was not

estimated for the Susitna River downstream of RM 80 during-1983, excepting the Yentna

Basin (Jennings 1985). In 1984, estimated pink salmon escapement in the Middle Segment was
177,81 at Talkeetna Station (RM 103) and 116,858 at Curry Station (RM 120) which represent
approximately 5 percent and 3 percent of the estimated total Susitha Basin escapement at
Flathorn Station (RM 22), respectively (Jennings 1985). Escapement estinthee$akeetna

Station (RM 103) were considered to overestimate pink salmon abundance because many adult
pink tagged at that point returned downstream to spawn (Jennings 1985). Pink escapement
estimated at Sunshine Station (RM 80) in 1984 representeer@8np of the total Susitna Basin
escapement, which indicates that most adult pink salmon utdwer Rivermainstem and

tributary habitats.
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5.1.2.5.1. Middle River

Adult pink salmon migration in the MiddRiver of the Susitna River during the 1980s occurred
from mid-July through midSeptember and typically peaked during late July and early August
(Table5.1-5) (Jennings 1985, Barrett et al. 1985, Thompson et al. 1986). Although milling and
holding behavior wasbserved by pink salmon in the Middle Segment near Talkeetna Station
(RM 103), it is not clear how long adult pink hold in main channel areas prior to migrating up
spawning tributaries (Barrett et al. 1985). Adult pink use main channel areas for passage t
primary spawning areas in tributaries and tributary mouths and secondary spawn sites in side
slough habitats (Jennings 1985).

Adult pink salmon spawning in the MiddRaver begins in late July and early August in clear

water tributaries and peaks duritig first two weeks of August (Tabtel-5) (Jennings 1985,
Thompson et al. 1986). A small portion (5 percent) of observed spawning occurred in side
slough areas; one main channel pink salmon spawning location was observed in 1984 (Jennings
1985, Barretet al. 1985). The timing of spawning in side slough habitats is similar to that of
tributaries, though spawning peaks later in August and can extend into early September (Table
5.1-5) (Jennings 1985). Indian River (RM 138.6), Portage Creek (RM 148®X4"of July

Creek (RM 131.1) were the principal spawning tributaries that supported a large proportion of
the adult pink population in the Middle Segment during the 1980s (Jennings 1985). Among side
sloughs in the Middle Segment, most pink salmon spaywccurred in Slough 11 and Slough

20 (Jennings 1985).

The timing of pink salmon egg incubation and fry emergence on the Susitna River is not well
defined due to limited observations of this life stage, though the start of incubation is considered
to becoincident with spawn timing. In controlled environments, the duration of pink egg
incubation from the point of fertilization to hatch is approximately 173 days (Murray and

McPhail 1988). In the Susitna River, emergent pink salmon fry were observeahinisg areas

in Indian River (RM 138.6) and Slough 11 (RM 135.3) during late March and early April
(Delaney et al. 1981). Based on these observations of pink fry emergence timing and general life
history requirements, emergence of pink salmon fry is estichto occur during March and

April (Table5.1-5) (Delaney et al. 1981dennings 1985). Differences in egg incubation and fry
emergence timing may occur, however, between side slough spawning areas influenced by
groundwater upwelling and tributary spang habitats fed primarily by surface streamflows
(Wangaard and Burger 188Vining et al. 1985).

Juvenile pink salmon in the Susitna Basin immigrate to estuarine and marine areas soon after
emergence as a@2 fry and consequently exhibit minimal use ofBna River nursery habitats
during the short freshwater residence (Jennings 1985). Migration of pink fry appeared to begin
prior to seasonal operation of mainstem outmigrant traps in the 1980s, and researchers during the
1980s considered it likely thatany pink salmon fry in the Middle Segment migrated

downstream of the trap prior to the open water season and the start of trap operation (Jennings
1985, Roth et al. 1986, Roth and Stratton 1985). At a fyke net trap operated from April through
May 1985 ina Lower Riverside channel, pink salmon fry were initially captured in-¥ialy

(Bigler and Levesque 1985). Downstream migration of pink fry is estimated to begin in April
though sampling of downstream migrants in the Middle Segment was not done pay to

during the 1980s due to instream ice conditions (Jennings 1985, Roth and Stratton 1985).
Outmigrant trapping during the 1980s at the Talkeetna Station (RM 103) indicated peak
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movement in the MiddIR®iver during late May and June (Tali€l-5) (Jenning 1985, Roth et

al. 1986). Although migration timing varied during the 1980s studies, few juvenile pink were
captured after July (Jennings 1985). Habitat use during downstream is not well known in the
Susitna Basin and it is not clear that any feedingd®s0+ pink occurs while in the Susitna

River (Jennings 1985). In the Susitna River and other river systems, pink salmon utilize thalweg
portions of the river channel with faster current to migrate downstream and the rate of feeding
during freshwater rédence often depends upon the length of migration (McDonald 1960, Roth
and Stratton 1985). In short coastal streams, pink salmon fry may not feed during freshwater
residence, while in larger rivers, where migration may last multiple days, pink fry nthy fee
exogenously (Heard 1991).

5.1.2.5.2. Lower River

Adult pink salmon migration in theower Riverof the Susitna River occurs from early July to
early September, though most adult pink movement was frorduotydo midAugust (Table

5.1-5) (Jennings 1985, Roth antr&ton 1985, Roth et al. 1986Milling and holding behavior
among adult pink salmon upstream of the Chulitna River confluence (RM 98.6) was identified
during the 1980s, as fish tagged at the Talkeetna Station were observed spawoier iRiver
tributaries (Barrett et al. 1985). Despite these observations, it is not evident that there was a
substantial migratory delay for pink salmon adults between main channel and tributary areas
(Barrett et al. 1985, Thompson et al. 1986).

Adult pink salmon in th&ower Riverspawned in tributary and tributary mouth habitats during
1984 and 1985; no pink salmon spawning was observed in main channel or side slough habitats
in 1984 (Barrett et al. 1985, Thompson et al. 1986). Based on 1984 and 1985 subweysrof
Rivertributaries, pink spawn timing occurred from rdidly through early September and

peaked during early and masugust (Tableb.1-5) (Barrett et al. 1985, Thompson et al. 1986).

The Talkeetna River (RM 97.2), Birch Creek (RM 88.4) and Willow Creek 4RNM) were

primary spawning tributaries for pink salmon during the 1980s (Barrett et al. 1985, Thompson et
al. 1986).

The periodicity of pink salmon egg incubation and fry emergence inaer Riverof the

Susitna River is similar to that described for the Middle Segment (see Section 3.6.1). Pink
salmon egg incubation occurs from late July through the estimated end of emergene®laymid
(Table5.1-5) (Jennings 1985). Emergence timing pink salimghikely occurs during March,

April and early May in the Susitna River, based on limited observations of emergent fry during
late winter (Delaney et al. 1981

Pink fry emigration in the Susitna River occurs soon after emergence and is similar to that
described for the Middle Segment. The approximate start of pink salmon fry migration is likely
during April based on observed timing of fry emergence in March and early April (T4
(Delaney et al. 19&). Though it is possible much of the pirddraon fry migration occurred

prior to the start of mainstem trap operation, capture records indicate tiat pge&k movement
peaked during early or late June at the Flathorn Station trap (RM 22) in 1984 and 1985 and was
completed by midor late July (Rth and Stratton 1985, Roth et al. 1986). A difference in pink
salmon fry migration timing of approximately two weeks between 1984 andvil@8attributed

to ice breakup, regional winter temperatures and adult spawn timing (Roth and Stratton 1985).
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5.1.2.6. Rainbow Trout

Rainbow trout in the Susitna River are distributed throughout tributary and mainstem areas
downstream obevils Canyon (RM 150(Schmidt et al. 1983). Comparison of 1982 capture

data indicated that adult rainbow trout are more abundant in thedVi@dgdjment of the Susitna

River relative to thé.ower River(Schmidt et al. 1983). Estimated abundance of rainbow trout
greater than 150 mm in length during the early 1980s in the Middle Segment was approximately
4,000 fish based on a tagcapture studyonducted during 1981983 (Sundet and Wenger

1984). The age range of rainbow trout captured during the 1980s was up to 9 years old and all
captured fish that were known to spawn were 5 years old or older (Sundet and Wenger 1984).

Adult rainbow trout in tk Susitna Basin utilize clear, nghacial tributary habitats to spawn
(Schmidt et al. 1983). Adult spawning migrations from main channel holding areas to spawning
tributaries began in March prior to ice breakup and continued through early Junex(T&)le
(Schmidt et al. 1983, Suchanek et al. 19&undet 1986). Most rainbow trout spawning

occurred during late May and early June (Table6) (Schmidt et al. 1983, Suchanek et al.

1984, Sundet an®Pechekl985). Migration and spawn timing for rainbénwut appears to be
generally similar between Middle and Lower Susitha Segments, though it was noted that timing
of upstream migration into tributary habitats could occur as much as 10 days earlidrawéne
River (Sundet andPechekl985). Primary spaming tributaries in the 1980s werd df July

Creek (RM 131.1and Portag€reek(RM 148.9)in the Middle Segment and the Talkeetna

River (RM 97.2), Montana Creek (RM 77.0) and Kashwitna River (RM 61.0) ibaver River
(Sundet andPechek1985).

After spawning, adults primarily hold and feed during the open water period in tributary and
tributary mouth habitats, though some utilization of clear side slough habitat was observed
during the 1980s (Tabk 1-6) (Schmidt et al. 1983). Holding and feedingas during the open
water period were closely associated with salmon spawning areas (Chinook, chum and pink
salmon) (Sundet and Pechek 1985). Primary holding and feeding locations for rainbow trout
were 4" of July Creek (RM 131.1) and Indian River (RIZ8L6) tributary mouths and Slough 8A
(RM 125.1) and Whiskers Creek Slough (RM 101.2) (Schmidt et al. 1983).

During late summer in 1983 and 1984, adult rainbow trout migrated from tributary habitats

during late August and September, such that many ingilschad moved to tributary mouths by
mid-September and few remained in tributaries by early October (Suchanek et b]. 398det

and Wenger 1984, Sundet and Pechek 1985). Migration timing to winter holding areas in main
channel and side channel areaswred from mieSeptember through early February, with peak
movement in October and late December (Schmidt and Estes 1983, Sundet 1986). In the Middle
Segment, rainbow trout utilize main channel adiasng winter whereas tagged fish in the

Lower Riverwere observed to typically use side channel habitat during the 1980s (Sundet and
Pechek 1985). By December, most adult rainbow trout were in main channel areas apart from
spawning tributaries (Sundet and Wenger 1984). Movements to winter holdingshadeitat
commonly in a downstream direction from spawning or feeding tributaries (Sundet and Pechek
1985). Many adults hold during winter close to spawning tributaries @ rhiles), though

some exhibit longlistance migrations that typically range fro8:20 miles downstream but can
extend over 76 miles (Schmidt and Estes 1983, Sundet 1986). Specific habitat features of winter
holding areas during the 1980s were difficult to measure, though upwelling and ice cover
appeared to be common features (Schetidt. 1983, Sundet and Pechek 1985). Tagged
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rainbow trout distribution in winter was patchy and groups of fish were often observed within
100 feet of an open water lead during winter, suggesting that ice cover was important in addition
to the presence afpwelling (Sundet and Pechek 1985, Sundet 1986). No radio tagged fish were
observed in areas with anchor ice during radio telemetry studies in the 1980s (Sundet 1986).

There is minimal information relating to rainbow trout incubation and emergence fimtimg
Susitna River from studies conducted in the 1980s; however, incubation is assumed to begin in
May based on observed spawn timing (Tdble6) (Schmidt et al. 1983, Suchanek et al. 1984
Sundet andPechekl985). The start of rainbow trout fry ergence in tributary habitats is

estimated to occur in early July and continue through/Awigust based on generalized

incubation times for rainbow trout in cold water temperature regim8s (8 (Crisp 1988

Quinn 2005.

Juvenile rainbow trout primarilgeside in natal tributary habitats throughout the year, though
occasional use of tributary mouths and clear sloughs has been documente8.(f@ble

(Schmidt et al. 1983). Capture of juvenile rainbow trout in main channel areas was very low,
though usef tributary mouths and clear sloughs was observed (Sundet and Pechek 1985). Lake
systems associated with thB d@f July and Portage creeks were believed to possibly supplement
rainbow trout production in each basin based on analysis of juvenile sttalmp#houghno

direct evidence of juvenile rearing in these lakes was recorded (Sundet and Pechek 1985).
Winter rearing for juvenile rainbow trout occurred primarily in tributaries with occasional use of
clear side slough habitats (Schmidt et al. 1983)

5.1.2.7.  Arctic Grayling

Arctic grayling occur throughout the Susitna River Basin in mainstem and tributary habitats from
headwater areas in thipper Riverto the downstream extent of thewer River(Delaney et al.
1981b, Buckwalter 2011). Estimated grayling abundance was higherlipfpiez Riverof the

Susitna River relativeo the Middle and Lower segments based on 1980s-meadpture data,
though comparable abundance data among segments deel I[Delaney et al. 1981 Delaney

et al. 198t, Schmidt et al. 1983). Estimated abundance of Arctic grayling greater than 200 mm
fork length in thdJpper Riverwas 10, 279 (95% confidence interval: 9,1941,654) based on

1981 markrecapture data, andas 6,783 (95% confidence interval: 4,0705,152) in the

Middle Segment based on 198384 data (Delaney et al. 1981b, Sundet and Pechek 1985).
Grayling of 200 mm fork length or greater are typically 3 years of age or older, while the
maximum observed a&gof grayling in the Susitna Basin during the 1980s was 15 years (Delaney
et al. 198b, Schmidt et al. 198. Sexual maturation of Arctic grayling in Alaska occurs

between agesi27; male and female grayling spawners during 1984 in the Susitna Basin were
aged 5 to 9 years (Sautner and Stratton 1984).

Adult grayling typically spawn in the upper extents of clear-glagial tributaries soon after ice
breakup, though use of areas near tributary mouths for spawning was recorded during 1980s
studies (Sundeind Wenger 1984). The spring spawning migration occurs concurrently with
increasing tributary water temperatures during April and May and movement of some large
adults into iceree tributaries occurred prior to or during ice breakup (Taldg) (Sundeiand
Wenger 1984, Sundet and Pechek 1985). Spawning typically occurs in May and early June,
though timing can vary among tributary habitats (T&ble7) (Sundet and Wenger 1984, Sundet
and Pechek 1985). Spawning occurred in early May near the mouthisiféfs Creek, in late

May near the Portage Creek tributary mouth, while large numbers of adult grayling in the upper
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extent of Portage Creek in early to riidne 1984 may suggest spawning occurred in June in
headwater habitats (Sundet and Pechek 1988ult grayling movement and spawn timing
differed up tol0 daysamongMiddle Segment tributaries and up to 20 days between tributaries
in the Middle and Lower segmerdse to variable tributary watéemperature during May and
June (Sundet and Wenger 1984indet and Pechek 1985).

During the open water season, many adult grayling either remain within spawning tributaries or
move to nearby tributaries to feed during summer (Taldlg) (Delaney et al. 1981 Delaney

et al. 198t, Schmidt et al. 1983, Sunidend Pechek 1985). Adult grayling also use tributary

mouth, side slough and main channel habitats during the open water season, though fish captured
in these areas were typically of smaller size than adult grayling in tributaries which may suggest
that snall individuals are displaced from tributaries by larger, competitively superior fish

(Schmidt et al. 1983, Sundet and Pechek 1985).

Adult grayling disperse from tributaries during early August through early October to winter
holding habitats (TablB.1-7) (Sundet and Wenger 1984, Sundet and Pechek 1985). Although
many grayling use areas close to spawning tributaries during winter, some migrate long distances
(10-35 miles) to winter holding habitat (Sundet and Pechek 1985, Sundet 1986). Winter habitat
use of Arctic grayling in the mainstem Susitna River is not well understood, but limited radio
telemetry data suggests that grayling and other resident fish species may be patchily distributed
in main channel areas with overheayer (depth and/or ice cex), very little frazil and/or

anchor ice, and low water velocity (Sundet 1986). Some grayling select lake habitats associated
with some tributary stream networks or deep pools located in larger tributaries in the Middle and
Lower segments (Sundet and Vjen 1984, Sautner and Stratton 1984).

Incubation time for Arctic grayling eggs is generally 11 to 21 days from fertilization to hatching,
depending on water temperature conditions, and young grayling actively feed within eight days
of hatching (Morrow 180). Based on this general timing, the grayling egg incubation is
estimated to occur during May and June, and fry emergence likely during late May and June
(Table5.1-7).

Juvenile Arctic grayling typically reside within their natal tributaries for asti®ne year, though
some agé®+ grayling were observed to move to tributary mouth habitats during late summer
(Schmidt et al. 1983). Agekt+ and 2+ grayling were observed to use tributary mouth, side
slough and main channel habitats during summer 198Pmeany were likely displaced from
tributary nursery habitats by larger, competitively superior adult grayling in early summer
(Schmidt et al. 1983). In general, juvenile grayling were recorded in greater abundance at
tributary mouths and mixing zonessidle slough mouths relative to main channel areas
(Suchanek et al. 198%bTributaries in the Susitna Basin that support substantial Arctic grayling
populations include Oshetna River (RM 233.4), Kosina Creek (RM 206.8), Portage Céek (R
148.9), Indian Rier (RM 138.6), Montan&reek (RM 77.0), Kashwitna River (RM 61.0) and
Deshka RivefRM 40.6) (Delaney et al. 1981h981X, Sundet and Pechek 1985).

5.1.2.8. Burbot

Burbot are distributed throughout the Susitna Basin and have been documented in mainstem
habitats uptream of thé&Jpper Riverto the downstrearaxtent of the_ower River(Delaney et

al. 198D, Buckwalter 2011).During 1980s studies, burbot were most abundant ihdieer
River of the Susitna River relative to the Middle dopper River presumably becae of greater
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spawning and nursery habitat availability (Schmidt et al. 1888det and Pechek 1985

Burbot typically become sexually mature at age three or four, and were found as old as 15 years
in the Susitna River during 1980s studies (Scott andsbman 1973, Schmidt et al. 19&2indet

and Pechek 1985

Adult burbot exhibit strong negative phototropism and are strongly associated with turbid water
areas (Morrow 1980, Schmidt et al. 1988ndet and Pechek 1989uring the open water
seasonburbot were typically captured in low velocity backwater or eddy habitats located in the
Susitna River main channel and at the mouths of select tributaries and side sloughs (Delaney et
al. 198D, Schmidt etal. 1983, Sundet and Pechek 1985). Althoughditustere also located in
shallow, high velocity habitats, the presence of groundwater upwelling appeared to have been a
common feature of habitats used by adult burbot during the 1980s (Sundet and Pechek 1985). A
small number of burbot were recorded inddiabitats in th&pper Riverof the Susitna River

during the 1980s (Sautner and Stratton 1984). During summer, adult burbot movement appears
to be infrequent and over short distances, based ontedéinetryand Floy tagrecapture studies
during the 198s (Sundet and Wenger 1984).

In late summer, adult burbot begin migration to spawning locations in tributaries, tributary
mouths and main channel habitats based on 1980s radio telemetry data (Schmidt and Estes 1983,
Sundet 1986). Spawning migrations ibei@ mid-August toLower Riverspawning tributaries

and in Septembeo main channel areas and movement continues through winter until spawning
(Table5.1-8) (Schmidt and Estes 1983, Sundet 1986). Burbot spawning migrations generally
range from 5 40 mies in length, though one tagged individual during the 1980s may have
migrated over 100 miles tolawer Riverspawn site (Schmidt and Estes 1983). Spawning

occurs from mielanuary to early February in tributaries, tributary mouths and main channel
habitds (Table5.1-8) (Schmidt and Estes 1983, Sundet and Pechek 1985). Substantial spawning
runs occurred in Alexander Creek (RM 10.1) and the Deshka River (RM 40.6) (Sundet and
Wenger 1984, Sundet and Pechek 1985). Identification of Susitna River maielczawmn

sites was difficult during the 198@sie to thick ice cover during the January and February spawn
period, though observations of radio tagged burbot winter locations suggest that spawning may
occur in low velocity habitats with groundwater preseand ice coveiJchmidt and Estes 1983
Sundetl986). Burbot are typically group spawners, and multiple observations of burbot at the
location of radidagged burbot during late winter suggest that adults congregate during winter
(Schmidt and Estes 1983 he prevalence of anchor ice in the Middle Segment may limit

burbot spawning success and overall abundance in this portion of the Susitna River (Sundet and
Pechek 1985). Paspawning migrations occur from February through March and are typically
short(0.57 7 miles) (Tableb.1-8) (Schmidt and Estes 1983).

Incubation and development of burbot eggs is not well documented in the Susitna River due to
difficulty of sampling ice covered spawning sites during winter (Sundet and Pechek 1985).
Burbot eggs ray be initially neutrally buoyant following spawning, but gradually sink and
become lodged within the substrate during development (McPhail and ParagamianT2@00).
necessary time for burbot egg incubation may require 30 days at incubation tempef&tCes o

71 days at water temperatures below 2°C, and approximately 100 days or more at near 0°C
temperatures (Bjorn 1940,d@rimmon 1959, McPhail and Paragamian 2000). Based on these
data, burbot egg incubation is estimated to occur fromJaidiary throug April (Table5.1-8).

Upon hatching, burbot fry are smalk43mm, total length), limnetic and drift passively until
swimming ability and mobility improves (McPhail and Paragamian 2000). As such, emergence
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timing is not identified for juvenile burbotSmall age0+ fry (15 mm, total length) were
observed in midlune in the Middle and Lower segments during 1980s studies (Sundet and
Pechek 1985).

Juvenile burbot were infrequently captured in association with 1980s sampling efforts (Sundet
and Pechek985). In the_ower River, juvenile burbot were captured in main channel and
tributary habitats, and it was believed that juveniles in tributaries utilized habitats proximal to
natal areasT{able5.1-8) (Schmidt et al. 1983). Most juvenile burbot captoceurred at main
channel outmigrant traps during the 1980s, though positioning of outmigrant traps near the
surface of the water colunthd not effectively samplbenthic movements of juvenile burbot
(Schmidtet al. 1983).

5.1.2.9. Round Whitefish

Round whitefi& are distributed among mainstem and tributary habitats in the Upper, Middle and
Lower segments of the Susitna Basin, and have been recorded in mainstem areas upstream of the
Upper Riverto RM 19 (Schmidt et al. 1983, Buckwalter 2011). Based on 1980sstud
downstream of Devils Canyon (RM 150), round whitefish were more abundant in the Middle
Segment compared to thewer River and relative use was particularly high between RMi132
RM 151 (Sundet and Pechek 1985). The estimated population size ofwbiteiish in the

Middle Segment in 1983 was 7,264 (95% confidence interval: 4,839806) (Sundet and

Pechek 1985). Within tHeower River most adult round whitefish were captured between RM
60.1 and RM 98.5 (Sundet and Pechek 198pawning round Witefish during 1980s studies

were age 5 oolder, and the maximum age observed was 12 years (Sundet and Wenger 1984,
Sundet and Pechek 1985).

Adult round whitefish in the Susitna River Basin predominantly used tributary, tributary mouth

and sloughs fofeeding and holding habitat during the open water season during the 1980s
(Sautner and Stratton 1983, Schmidt et al. 1983, Sundet and Wenger 1984, Sundet and Pechek
1985). Tributary sampling indicated that many large adult round whitefish moved upstteam i
large clear tributaries in the Middle Segment in June and returned downstream to mainstem areas
in August and September (Tale-9) (Schmidt et al. 1983, Sundet and Wenger 1984). Low
capture rates of small adults in tributaries during summer magestthat smaller individuals

were competitively displaced by large adults (Schmidt et al. 1983).

During tagrecapture studies in the 1980s, mestaptured adult round whitefish exhibited little
movement, though approximately 20% of recovered fish 88Ehd 1984 had moved an

average of 18.5 and 16 miles in the respective years (Sundet and Wenger 1984, Sundet and
Pechek 1985). Maximum observed movement of tagged round whitefish was 55.7 miles based
on 1983 recapture data and 69.5 miles based on 1§8ddaptures (Sundet and Wenger 1984,
Sundet and Pechek 1985). Movement was typically downstream during summer and upstream in
fall (Sundet and Wenger 1984).

In late summer, adult round whitefish migrate upstream and downstream from summer feeding
habitats to spawning areas located in main channel and tributary mouth habitats, though large
schools observed at the mouths of Portage Creek (RM 148.8) and Indian River (RM 138.6) may
indicate tributary spawning (Schmidt et al. 1983, Sundet and Wenger 1B&d on fishwheel
capture in 1982 and 1983, upstream spawning migration in the main channel of the Middle
Segment occurred during late August and SeptenTladr€5.1-9) (Schmidt et al. 1983, Sundet
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and Wenger 1984). Round whitefish spawning in the Sag&asin was believed to occur during
October Table5.1-9) (Sundet and Wenger 1984, Sundet and Pechek 1$g&\wning sites

discovered in 1983 consisted of four main channel sites (RM 102.0, RM 114.0, RM 142.0 and
RM 147.0) and three tributary mouth sifé.ane Creek (RM 113.6), Indian River (RM 138.6)

and Portage Creek (148.8)] (Sundet and Wenger 1984). Most sexually ripe adults were captured
in pairs or small groups during the 1980s and capture locations were characterized as spawning
sites if capturedlemales discharged eggs via palpation (Sundet and Wenger 1984). After
spawning, it is believed that adult round whitefish utilized mainstem areas to hold for winter, but
little is known regarding winter behavior and habitat use (Sundet and Pechek 1985).

The duration of round whitefish egg incubation and timing of fry emergence in the Susitna River
is not well defined by 1980s studies. Development and incubation time for round whitefish eggs
has been observed to take approximately 140 days at 2.2° @htHoration can vary with water
temperature and other variables (Normandeau 1969, Morrow 1980). Based on this basic
incubation period and the timing of earliest-#geround whitefish capture in late May and June,
incubation is estimated to occur from Geer through June and emergence likely occurs in May
and JuneTable5.1-9) (Schmidt et al. 1983).

Age-0+ juvenile round whitefish are believed to utilize nursery habitats proximal to where
hatching and emergence occurs, though a portion of the Middleg®egupulation migrated
downstream in each year of 1982 and 1983 (Schmidt et al. 1983, Sundet and Wenger 1984).
Downstream movement of juvenile round whitefish at the Talkeetna Station (RM 103)
outmigrant trap occurred throughout the trap operationabga@mieach year, from late May
through September, and peaked in late June andTaiye’.1-9) (Schmidt et al. 1983, Sundet
and Wenger 1984). Following downstream movement, primary habitats used by juvenile round
whitefish in the Middle and Lower segmnisnwere side slough, upland slough and turbid main
channel and side channel are@sHmidt et al. 1983, Sundet and Wenger 1984). IJthper

River, juvenile round whitefish were captured at tributary mouths and slough habitats (Sautner
and Stratton 1983)Juvenile round whitefish may utilize turbid mainstem areas for cover
(Suchanek et al. 198%bLittle is known regarding juvenile round whitefish habitat use during
the winter, but based on spring capture locations during the 1980s, it was presumatéhat
nursery habitats were proximal to summer habitats (Sundet and Pechek 1985).

5.1.2.10. Humpback Whitefish

Humpback whitefish are distributed throughout the Susitna Basin and have been documented
from mainstem habitats upstream of thaper Riverto the downsteam extent of theower

River (Schmidt et al. 1983, Buckwalter 2011). Sampling during the 1980s indicated that
abundance of humpback whitefish was greater in.tiveer Riverof the Susitna River relative to

the Middle Segment (Schmidt et al. 1988indetand Wenger 1984 Abundance estimates of
humpback whitefish were not possible during the 1980s studies due to an insufficient number of
fish captured for markecapture estimation. Humpback whitefish typically mature at age 4 to 6
and individuals up td2 years of age were captured in the Susitna River during the 1980s
(Morrow 1980; Schmidt et al. 1983undet and Wenger 1984

Humpback whitefish populations in Alaska are typically anadromous, though the marine
distribution and the distance individuaisperse from natal rivers is not well known (Morrow
1980). In the Susitna River, a portion of the population may utilize estuarine or marine habitats
for a portion of their lifespan, while most humpback whitefish appear to exhibit a riverine life
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historypattern based on analysis of adult scale patt&umsdet and Wenger 19848undet and
Pechek 1986 High growth rates during the first two years of life, which may indicate estuarine
feeding, were apparent in approximately 20% of adult humpback whitefigbred atower
Riverfishwheel trapgFlathorn StatiodRM 22, Yentna River StatiofiYentna RM 4) and

about 5% of adults captured at the Talkeetna Station (RM 103) fishwitael Middle Segment
(Sundet and Pechek 1985

Adult humpback whitefish dxbited higher relative use of tributary and slough habitats for
holding and feeding in summer relative to mainstem areas during studies conducted in the
Middle and Lower segments during 198383 Sundet and Wenger 1984Just one adult
humpback whitefis was captured in tHdpper Riverduring 1980s studies at a tributary mouth
(Sautner and Stratton 1983). In general, adult humpback whitefish exhibit little movement
during summer except for spawn migrations, which in the Susitna River is an upstreatromigr
that occurs from July through September, with peak movement during August $Tab®
(Morrow 1980, Schmidt et al. 1983undet and Wenger 1984Spawning is believed to occur
during October in tributaries of the Susitna River, based on higbreagitadults in tributaries
during fall, but is not well documented (Talald-10) (Sundet and Pechek 1985Adult

humpback whitefish captured in Deadman Lake intpper Riverwere presumed to spawn
within the lake (Sautner and Stratton 1984). Alagkampback whitefish populations utilize
estuarine habitat during winter, though in the Susitna River adult humpback whitefish is largely
unknown due to low winter capture rates during winter sampling (Morrow 1980, Schmidt et al.
1983). Humpback whitefisim the Middle Segmemere believed to remain in that segment
during winter (Sundet and Pechek 1985).

Incubation and development timing of humpback whitefish eggs is not well known, though it is
presumed hatching occurs in late winter and spring (Morrd@@)L9The period of humpback
whitefish eggncubation is estimated to occur from the start of spawning in early October
through June (Tablg.1-10). Emergence of humpback whitefish fry started prior to June during
1980s studies based on outmigrant trggu@ records (Schmidt et al. 19&3)ndet and Wenger
1984). Humpback whitefish are estimated to emerge from early May through late June (Table
5.1-10).

Juvenile humpback whitefish rearing was believed to primarily occur iba¥ver Riverin the

Susitra River during the 1980s, though specific nursery habitat use was not well defined due to
low and infrequent capture (Schmidt et al. 1983ndet and Wenger 1984The few juvenile
humpback whitefish were captured in tributary, main channel and sideatimefuitats (Schmidt

et al. 1983). Most capture of juvenile humpback whitefish during the 1980s studies occurred at
outmigrant traps. Downstream migration of juvenile humpback whitefish was observed to occur
from June through October at the Talkeetndi®@igRM 103) outmigrant trap, with peak

movement during July and early August (Tahle10) (Schmidt et al. 198Fundet and Wenger
1984). Approximately 20% of juvenile humpback whitefish in ttmver Riverand 5% in the

Middle Segment were believeduse estuarine areas during the first two years of$iten¢let

and Pechek 1985

5.1.2.11. Longnose Sucker

Longnose suckers are distributed throughout mainstem habitats in Susitnarighkawve been
documentedrom headwater tributaries upstream of thgper Rive to the downstream extent of
theLower River(Delaney et al. 1981 Buckwalter 2011). Longnose suckers were most
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abundant downstream Bfevils Canyon (RM 15)) particularly n theLower Riverbetween RM

60 and RM35 (Delaney et al. 1981 Schmidt et al1983, Sundet and Pechek 198&kstimated
population size of longnose sucker in the Middle Segment of the Susitna River was 7,613 (95%
confidence interval: 4,00820,439) based on 1981984 markrecapture data.

Adult longnose suckers in the Susitna Bagpawn in mainstem and tributary mouth habitats
during May and early June, which corresponds with the approximate timing of other Alaskan
sucker populations (Tabk1-11) (Morrow 1980, Schmidt et al. 1983). An additional spawning
period may occur in thiate summer during October and/or November based on observed
concentrations of adults withiell-developedggs and nuptidlbercleduring September in

suitable spawning habitats, though spawning during this time has not been verified (Schmidt et
al. 198, Sundet and Wenger 1984)ongnose sucker spawning typically occurs at water
temperatures above 5°C (Morrow 1980).

Following spring spawning, a portion of longnose suckers in the Susitna River appeared to move
upstream to summer feeding habitats atdrn downstream to winter holding areas, based on
1980s markecapture data (Sundet and Wenger 1984, Sundet and Pechek 1985). Spring
upstream movement of adult suckers primarily occurred during June and July, while the timing
of downstream fall movementas less definedl@ble5.1-11) (Schmidt et al. 1983, Sundet and
Wenger 1984). Many suckers tagged during 1980s studies moved little during summer, which
reflects summer behavior of other sucker populations (Morrow 1980, Sundet and Wenger 1984,
Sundet andPechek 1985). Adult suckers were most commonly captured at tributary and slough
sites, though use of mainstem habitat was greater in the Middle Segment relative to that of the
Lower River(Schmidt et al. 1983, Sundet and Wenger 1$#hdet and Pechek 8%). High

capture rates of adults in tributaries and sloughs in August and September may indicate
opportunistic feeding on salmon eggs during this tiSun@let and Wenger 1984In theUpper

River, only subadult suckers were captured in mainstem haditahile larger adults were

captured at the mouths of suspected spawning tributaries (Sautner and Strattoti28883).
utilization by adult longnose suckers during winter in the Susitna River is not well known,
though winter holding is believed to oecdn the mainstem and the only winter capture of a
longnose sucker occurred in side channel habitat (Schmidt and Bingham 1983, Schmidt et al.
1983).

Incubation and development of longnose sucker eggs in the Susitna River has not been
documented, howeveggeneral incubation time required from fertilization to hatching is one to
two weeks and newly hatched fry may remain in the gravel for an additional two weeks prior to
emerging (Morrow 1980). Timing of longnose sucker egg incubation is estimated tdroatur
early May to midJuly based on this informatiofigble5.1-11). Fry emergence likely occurs
during June and early Julyd4ble5.1-11).

Juvenile longnose sucker fry typically drift from natal sites following emergence to summer
nursery areas (Morrod980). Suckers in the Susitna River appear to exhibit this early life

history strategy, though it r®ot clear to what extent such dispersal occurs based on low catch at
outmigrant traps at Talkeetna Station (RM 103) (Schmidt et al. 1983)0Adewnsteam

movement in the Middle Segment occurred throughout the open water period in 1982 and 1983,
and exhibited a bnodal peak during June and during late August and September, based on
outmigrant traps in the Susitna River main channel and Deshka Ral@e 6.1-11) (Schmidt et

al. 1983, Sundet and Wenger 1984, Sundet and Pechek 1985). Summer nursery habitats used by
juvenile longnose in the Susitna River during the 1980s were side channels, upland sloughs, side
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sloughs and to a lesser extent, tributapuths (Schmidt et al. 1983, Sundet and Wenger 1984).
Winter habitat use by juvenile suckers is not known (Schmidt et al. 1983). Shallow depth, low
water velocity and turbidity or structural (i.e., aquatic or overhead vegetation) cover are
considered impaant characteristics for juvenile longnosgrsery habitaSuchanek et al.

1984h.

5.1.2.12. Dolly Varden

Dolly Varden are widely distributed within the Susitna Basin, from headwater tributaries to the
downstream extent of tHeower River(Schmidt et al. 1983, Buckwalter 2011). Estimation of
relative abundance of Dolly Varden among the Upper, Middle, and/or Lower segments was not
possible during 1980s studies due to low capture rates at sampling sites, though abundance of
Dolly Varden dowstream of Devils Canyon appeared to be lower relative to upstream

populations (Schmidt et al. 1983, Sundet and Wenger 1984). The geographic ranges of the small
northern and larger southern forms of Dolly Varden overlap in then Susitna River (Morrow

1980). Adult Dolly Varden of the southern form become sexually mature at 4 to 6 years of age,
while maturity occurs between 7 to 9 years in the northern form (Morrow 1980).

Life history patterns of Dolly Varden can be complex and variable among habitat®@Worr

1980). General life history patterns exhibited by the southern form of Dolly Varden include
amphidromous populations that spawn in stream habitat and migrate to marine areas for a portion
of their life, adfluvial populations that are stream spawnetrsi®ellakes associated with natal

streams for nursery and holding habitat, fluvial Dolly Varden that migrate among stream

habitats, and stream resident populations that reside entirely within natal riverine habitats during
their life cycle (Morrow 1980).The extent to which each life history pattern is present in the
Susitna River isnbé6t clear, though adfluvial,
during 1980s studies (Sautner and Stratton 1983, Schmidt et al. 1983, Sautner and Stratton
1984). Stream resident populations present in headwater areas of Susitna River tributaries were
of substantially smaller sizban adfluvial and fluvial populations, though comparison of
morphological features among disparateiged individuals indicatedaeh was of the same

species (Sautner and Stratton 1983, Schmidt et al. 1983, Sautner and Stratton 1984).

Adult Dolly Varden primarily reside within tributary habitats during the open water season,
though apparent adfluvial populations were observed ttalss to feed during summer

(Sautner and Stratton 1983, Sundet and Wenger 1984, Sautner and Stratton 1984). Movement
into tributaries occurred in June and July during 1980s studies, coincident with the timing of
upstream spawning migrations of adult Clik@almon Table5.1-12) (Delaney et al. 1981).

Adult Dolly Varden are believed to spawn in the upstream extents of clear tributaries during late
September and October based on a small number of observations of spawning behavior and
sexually ripe individals Table5.1-12) (Delaney et al. 1981 Schmidt et al. 1983, Sautner and
Stratton 1984). Primary tributary habitats in the Susitna River during the 1980s were Deadman
Creek (RM 186.7) in th&lpper River Portage Creek (RM 148.9) and Indian River (RN8.63

in the Middle Segment, and the Kashwitna River (RM 61.0) irLthveer River(Delaney et al.
1981b,Schmidt et al. 1983). Fishwheel capture data at the Talkeetna Station (RM 103) in 1982
and markrecapture data during 198383 suggest upstream movernef adult Dolly Varden in

the main channel in spring and fall, which may represent spring movement to tributary feeding
areas and fall migration to spawning areas (Schmidt et al. 1983, Sundet and Wenger 1984).
Most adult Dolly Varden are believed to mate downstream from tributaries during September
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and October to winter holding habitats in the Susitna River main channel, though little is known
regarding the timing of such movement or locations of winter reafialé5.1-12) (Schmidt et

al. 1983, Sudet and Wenger 1984). Adfluvial populations likely utilize lacustrine habitats
during winter, though timing of movement from tributaries is not known (Sautner and Stratton
1984).

Dolly Varden egg incubation and development to hatching occurs over d péapproximately
130 days at 8.5°C, but may require up to approximately 240 days on the north slope of Alaska
(Blackett 1968, Yoshihara 1973, Morrow 1980). After hatchinggpnergent fry remain in the
gravel for 60i 70 days (Morrow 1980). Based dng information, Dolly Varden egg incubation

is estimated to occur from mifgleptember through late May, and fry emergence likely occurs
during April and May Table5.1-12).

Juvenile Dolly Varden in the Susitna Basin primarily utilize natal tributarissasner and

winter nursery habitat, though juvenile use of lakes was observed during 1980s studies (Table
5.1-12) (Delaney et al. 1981l8autner and Stratton 1983, Sautner and Stratton 1984). Little is
known regarding possible seasonal differences imjiez®olly Varden habitat use because
capture rates were generally very low during 1980s studies (Delaney et di, $6Bdnidt et al.
1983,Suchanek et al. 198%bDolly Varden that use lake habitats are likely part of adfluvial
populations that disperse lakes from natal tributaries (Sautner and Stratton 1984). Few
juvenile Dolly Varden were captur@a main channel outmigrant traps in 1982 (n=7) and 1983
(n=7) and at tributary mouths in the Susitna River mainstem, suggesting that few juveniles use
mainstem habitat (Delaney et al. 1981b, Sundet and Wenger 1984, Schmidt et al. 1983). During
winter, it is possible that juvenile Dolly Varden move downstream within natal tributaries,
though there is no evidence that juveniles utilize mainstem habitagdumter (Schmidt et al.
1983). In headwater tributaries with adfluvial populations, juvenile Dolly Varden likely use
lacustrine habitats during winter (Sautner and Stratton 1984).

5.1.2.13. Bering Cisco

The ecology of Bering cisco in Alaska is not well undeydtoMost Bering cisco in Alaska
exhibit diadromy by dispersing to estuarine or mahabitatsduring winter, though some
populations appear to reside entirely within freshwater (Morrow 1980). In the Susitna River,
most Bering cisco appear to migrateegiuarine or marine areas as-8gefry, but the duration

of residence in saltwater habitats is not knoARE&G 19833 Jennings 1985). The known
distribution of Bering cisco in the Susitna Basin ranges from'thaf duly Creek confluence

(RM 131.1) dowmstream to Cook InledDF&G 19833 Barrett et al. 1984 Cisco

predominantly used theower Riverduring 1980s research; in 1984, a total of 361 adult Bering
cisco were captured at the Flathorn Station (RM 22) fishwheel, while 3 were captured at the
Talkeetna Station (RM 103) (Barrett et al. 1985). Age of Bering cisco captured at Susitna River
fishwheels ranged from 4 to Bdrrett et al. 1984

Adult Bering cisco were captured at fishwheel traps but were never captured during other
summer or winter sampling in the Susitna River in 1982 (Schmidt et al. 1983). As a result, little
is known regarding adult Bering cisco matwbitat utilization foholding and feeding and
periodicity of this life stage is not described here. Upstream spawning migrations of Bering
cisco in the Susitna River occurred from early August through October, though fishwheel
operation ended October 1 in 1982 and earlietheroyears, so the end of migration is not well
defined (Tablé.1-13) (ADF&G 19839. Migration appeared to peak in late September during

Susitna-Watana Hydroelectric Project Alaska Energy Authority
FERC Project No. 14241 Page 71 March 2013



REPORT 2012 INSTREAM FLOW PLANNING STUDY

1982 (Tables.1-13) (ADF&G 19839. Adult Bering cisco utilized mainstem areas for spawning
and large concentration$ spawners were observed in ttmver Riverbetween RM 8% RM

75 during 1980s studieADF&G 19833 Barrett et al. 1984 Spawning during 1982 and 1983
occurred during September and October, with peak activity in early October brabi@

(ADF&G 1983, Barrett et al. 1984 No spawning was observed in the Middle Segment during
1981, 1982, or 198 APF&G 19833 Barrett et al. 1984

Egg incubation and emergence timing is not well deffioe®ering cisco populations. In

general, egg incubation of other cisco (e.qg., arctic cisco) occurs through the winter and early
spring and fry hatch in the spring (Morrow 1980). Based on this general timing, Bering cisco
egg incubation is estimated toaur from early September through June and fry emergence is
presumed to occur in May and June (Tdhlke13). Soon after emergence, cisco fry emigrate to

the estuarine environment to rear (Morrow 1980). Juvenile fry emigration from natal areas in the
Lower Susitna is estimated to occur from sMdy through midJuly (Table5.1-13).

5.1.2.14. Eulachon

Eulachon in the Susitna Basin have been documented from RM 50 downstream to Cook Inlet
(Barrett et al. 1984, Vincesitang and Queral 1984). Eulachon in the SusitiveRvere
characterized during 1980s studies in termfastf andsecond rus (VincentLang and Queral
1984). The approximate abundance offttst runeulachon during 1982 and 1983 was likely
several hundred thousand while the size ost#eond runwas several million (Barrett et al.

1984, Jennings 1985).

Eulachon are aanadromous species that reside in marine areas for most of their life and spawn
in freshwater streams (Morrow 1980). In 1982 and 1983, adult eulachon were captured in the
downstreanextent of the Susitna Riveower Riverduring the first sampling event in miday;

ice conditions precludesampling prior to early or mitflay in each year (Vinceritang and

Queral 1984). Thérst runof adult eulachon spawning migration was belieweddgin in early

or mid-May and thesecond rumwas considered to start in early June (T&blel4) (Vincent

Lang and Queral 1984). Barrett et al. (1984) concluded that adult eulachon spawn within 5 days
of entering the Susitna River. Eulachon spawnumgng) 1982 and 1983 occurred downstream

of RM 29 in marginal areas of tl&usitna Rivemainstem (Vincenrt.ang and Queral 1984).

Adult eulachon that spawned in thewer Riverin 1982 were predominantly a@s adult fish

that immigrated to marine habitats aged+ fry (ADF&G 19833.

Eulachon eggs, after extrusion from the female, float to the bottom and become attached to the
spawning substrate (Morrow 1980). At water temperatures between 4.4° C and 7.2° C, time
required to egg hatching occurs in 3@tdays (Morrow 1980). Based on this, eulachon egg
incubation is estimated to occur from early May through-duily (Table5.1-14). The hatched

larvae are not strong swimmers and remain close to the substrate (Morrow 1980). Soon after
hatching, youngw@achon larvae passively migrate to estuarine areas where rearing occurs
(Morrow 1980). Juvenile migration in the Susitna River is estimated to start in early June and
continue through July (Tabk1-14). All juvenile rearing occurs in estuarine and imar
environments (Morrow 1980).
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5.2. Susitna-Watana 2013-2014 Studies

The periodicity of fish habitat use in the Susitna will be described during208fish and
aguatic studies (see AEA 2012, Section 9). Studies in-2018 will be conducted in each
Sustna River segment (Upper, Middle and Lower) and will target resident fishes, anadromous
salmonids, and the freshwater life stages ofs@lmon anadromous species. Target species
proposed for 201:2014 fish and aquatic studies include: Chinook, sockéyenccoho and

pink salmon, rainbow trout, Arctic grayling, burbot, round whitefish, humpback whitefish,
longnose sucker, Dolly Varden, Bering cisco, eulachorthern pike, Pacific lampregnd

Arctic lamprey Proposed target species and methods fa2@t&2014 fish and aquatic studies
identified in the Revised Study Plan (RSP) (AEA 2012) will be finalized in association with
Technical Work Group (TWG) meetings during spring 2013.

Adult resident fish holding and feeding habitats during summer and wiitkée identified

using fish tagging and tracking technologies (radio and Passive Integrated Transponder [PIT]
tags) and a variety of capture techniques (AEA 2012). Adult fish capture methods proposed for
20132014 studies include gillnets, seines,linats, hoop traps, and angling. Sampling will be
performed by mesbabitat type to discern periodicity of holding and feeding among resident

fish species. Spawning and other seasonal migrations exhibited by resident fish species will be
described basecdhaadio telemetry and PIT tag monitoring.

Adult salmon migration timing will be monitored during 262314 aquatic studies in based on
fishwheel operation in the Middle and Lower segments and using radio telemetry and PIT
tracking. Spawn timing and haaitutilization will be monitored using radio telemetry and PIT
tracking in conjunction with ground/boat and aerial spawning surveys. Movement of tagged fish
will occur at fixed stations and based on mobile aerial tracking (radio telemetry only).

The peiodicity of egg incubation and emergertoring will be identified for salmon species
spawning in mainstem areas using fykearal minnowtrapping electrofishing and seining in
areas of known spawning. Sampling will be performeddekly to identify tle period and peak

of emergence for each speci&norkeling may also be used where appropri@etmigrant

traps (i.e., rotary screw traps) operated near tributary mouths in each segment will supplement
emergence timing observations.

Juvenile fry andmolt movement timing for all species was estimated during the 1980s based
primarily on capture at stationary downstream migrant traps operated in the Susitna River main
channel at Talkeetna (RM 103) and Flathorn (RM 22) stations. Fish capture data &@sn 19
summer and winter sampling were used to supplement outmigrant trap data and to identity
habitat utilization of anadromous and resident fish species. Capture sites visited during the
1980s and 2000s were located in main channekthahnel and tributg habitats between

Susitna River RM 233.4 and RM 7.1.

Periodicity information gathered during 202814 will be instrumental for instream flow

studies. Descriptions of the temporal and spatial utilization of mainstem and tributary habitats in
the Susitn&iver by fish species and life stages and will be essential to evaluate potential effects
of Susitna River discharge fluctuations on fish communitigsh spawning and egg incubation

are critical life history stages that are particularly sensitive to fluctuations in stream flow.
Moreover, rearing and holding conditions in main channel andhaffinel habitats in the Susitna
River that are utilized bpvenile and adult fish can be transformed in response to changes in
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river discharge.During 2013 2014 instream flow studies, periodicity analyses will be used to
guide habitaspecific modeling and spatial and temporal habitat analyses. Target figgsdpec
instream flow analyses will be identified in association with TWG meetings during spring 2013.
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6. TECHNICAL MEMORANDUM 1 HABITAT SUITABILITY CURVE
DEVELOPMENT STUDIES FOR THE SUSITNA RIVER

Habitat suitability criteria (HSC) curves represent asuaged functional relationship between an
independent variable, such as depth, velocity, substrate, groundwater upwelling, turbidity, etc.,
and the response of a species life stage to a gradient of the independent variable (suilability).
traditional ingream flow studieand in particular those associated with the Instream Flow
Incremental Methodology (IFIM) (Bovee 1982SC curves for depth, velocity, substrate,

and/or cover are combined in a multiplicative fashion to rate the suitability of discrated a
stream for use by a species and life stage of inteagtspawning, fry, juvenile, and adult)

HSC curvedypically serve as input into hydraulic and habitat modelstemslate hydraulic and
channel characteristics into measures of ovagdiitat suitability in the form of weighted usable
area (WUA) which is an index of habitaDepending on the extent of data available, HSC
curves can be developed from the literature, or from physical and hydraulic measurements made
in the field in area used by the species and life stages of interest (Bovee 1986).

This TM summarizsreadilyavailable HSC information that may be relevant to the Susitna
Watana Instream Flow Study (IFS), witlpamary focuson information collected ding the
1980s StHydro studies However, other relevant (i.e., from Alaska) H&&Zawere also
compilad andpresented, and as wedl,summary of HSC efforts related to the current Susitna
Watana IFS that were condadtin 2012 and are proposed 8132014arelikewise presnted

6.1. Su-Hydro 1980s Studies

An extensive set of HSC curves were developed as part of the 3880glro instream flow

studies. These criteria were developed using a combination ekpieific data collected

through fish sampling and literature sourcasd through refinement based on the professional
judgment of project biologistaMicrohabitat data were collected for various species and life
stages of fish, reflective of a suite of different parameters influenced by, or potentially influenced
by, flow. These included water depth, water velocity, substrate, upwelling occurrence, turbidity,
and cover.

Spawning HSC for chum and sockeye salmon were developed from redd observationghs sl
and side channels of theididle Segment of th&usitna Rive(VincentLang et al. 1984b)Data
collection sites were concentrated in areas used for hydraulic simulation modeling to maximize
the concomitant collection of utilization and availability data necessary for the evaluation of
preference.HSC for chum salmn were modified using limited preference data; however,
preference could not be incorporated for sockeye salH&CT for depth, velocity, and substrate
were developed from this efforAdditionally, modified HSC were developed for substrate that
reflecied the presence or absence of upwelling. Spawning habitat utilization for Chinook, coho,
and pink salmon wasvaluated in tributaries of the ifldle Segment of th&usitna River
(VincentLang et al. 1984a)Sufficient data were collected to develop dep#ipcity, and

substrate HSC curves for Chinook salmétowever, observations for spawning coho and pink
salmon were insufficient to develop HS@stead, spawning HSC for these two species were
based solely on literature data and modified using queaétéield observations.

HSC for rearing juvenile salmon were developed for the habitat parameters of depth, velocity,
and cover used by juvenile Chinook, coho, sockeye, and chum salmon (Suchanek et al. 1984b).
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These HSC were developed based on field claltacted at representative tributary, slough, and
side channel sites between the Chulitna River confluence and Devils Canyon (Middle Susitna
River) and were considered to be specific to this re&claddition, if differences in habitat
utilization wereapparent at varying turbidity levels, separate HSC were developed for turbid vs.
clear water conditions for those species with sufficient sample sizes (i.e., juvenile Chinook). A
subsequent effort used similar methods to verify the applicability of jireseile salmon

rearing HSC curves for the Lower River downstream of the Chulitna River confluence
(Suchanek et al. 1985).indings from this effort resulted in some modifications to HSC for use
in the Lower River.

HSC for resident fish species were deyeld based on data collected through electrofishing,
beach seining, and ho@adline sampling in tributary mouths, tributaries, and sloughs of the
middle Susitna River (Suchanek et al. 198429ver and velocity HSC were developed for adult
rainbow trout arctic grayling, round whitefish, and longnose suck¢sC for cover were
developed separately for turbid vs. clear water conditiédnsingle depth HSC was developed
for all of these species combine@nly round whitefish were collected in sufficiemimbers to
develop separate HSC for juveniles.

The following sections provide additional details regarding the 1980s efforts to develop HSC
curves, including a description of methods, study sites, data analyses, and the resulting curve
sets. A summary apecies, lifestage and habitat parameters for which HSC curves were
developed for the Middle and Low8egments of th8usitna River is provided in Tabel-1.

These curves are presented exactly as reported in their respective source referencesiahd have
been modified. Substrate curves are one exception; to allow comparability between 1980s
substrate curves and those from othedists) adjusted substrate cof€able6.1-2) were used to
standardize theurves for this habitat parameter. Becauseessabstratsizeclas®s

overlapped, thee adjusted codes are not exact.

6.1.1. Methods

The 1980s data collection and HSC as\development were conducted dusegeral different
studies, each targeting certain species and life stages. Thus, methods used to collect and develop
HSC curves are presented in the following section by study.

6.1.1.1. Chum and Sockeye Salmon Spawning (Vincent-Lang et al. 1984a)

Studies relatetb the development of HSC for spawning chum and sockeye salmon are described
by VincentLang et al. (1984a). These studiesre initiated in 19820 collect measurements of
depth, velocity, substrate, and upwelling at redd sitesdeternme the behdworal responses of
spawningchum and sockeysalmon to the various levels of these habitat varialiesvever,

utilization data collected in 1982 were inadequatiily developHSCbecauséow discharge

and flow conditiond.imitedaccess of adult chunmd sockeye salmon into study sites.

Additional utilization data were collected in 1983 whialhen combineadvith 1982 data,

information from literature, and professional judgmeinproject biologists, were sufficient for
developing chum and sockegalmam spawningHSC.
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6.1.1.1.1. Site Selection

Sitesfor the collection of utilization data in sloughs aide channels of the Middiegment of

the Susitna Rive(Talkeetna to Devdl Canyon reachwere selectetlased on the presence of
spawning salmon and the abilitydbserve their activitiesEfforts were concentrated in areas of
sloughs (Sloughs 8A, 9, and 21) and side channels (Side Channels 21 and Upper 11) where
hydraulic simulation modeling data were being collected to maximize the collection of combined
utilization and availability data, thereby allowing for the evaluatiopreference.Other sloughs

and side channels in tividdle Segment of th&usitna Rivewere also surveyed for spawning
activity and if present, selected as additional study sites to dxtezutilization data base.

These normodeled sitesvereSloughs 9A, 11, 17, 20, and;2#abitat &ailability data weranot
collected at these site§pawning tilization datafor chum salmonvere also collected in

tributary mouth habitdbcations(Lane and Fourth of July creeks; Sandone et al. 1984)ile

these data were not includedtine development of formal HSC curves, Sandone et al. (1984) did
compare utilization in tributary mouth habitats with findings from slough and side channel
habitats. A list of sites and the number of redds where suitability data were collected in support
of HSC development are provided in Tabl-3.

6.1.1.1.2. Collection Methods

At each study site, spawning salmon were located by visual observation. Fish activities were
obsened from the stream bank for 10 to 30 minutes to determine active redd locations prior to
entering the water for measurements. A redd was considered active if a female was observed to
fan the substrate at least twice and a male exhibiting aggressiverernmgiioehavior was

present during the observation period. Water depth and velocity measurements were collected at
the upstream end of each active redd with a topsetting wading rod and a Marsh McBirney or
Price AA meter. The general substrate composidfagach redd pit was visually evaluated using

the size classifications listed Trable6.1-2. The presence of upwelling in the vicinity of the

redd was assessed visually and the distance from the redd wasFateddds within hydraulic
simulationmodeling study sites, staff gage readings were recadedised to estimate the flow

at the timeof redd measuremenitmsed omating curves presentdry Quane et al. (1984 This

flow was therused to simulate available depth, velocity, and substréad¢alavaluate

preference.

6.1.1.1.3.  Data Analysis and HSC Curve Development

In developing HSC curves for chum and sockeye salmon spawning, VVicexregiet al. (1984a)

first arranged redd measurements (depth and velocity) as histograms using several different
incremental grouping methods. Each grouping method was used to create a unique utilization
curve and statistical methods were then applied to identify which utilization curve best
represented the data based on minimal variance, irregular fluctuations, andhpsakeBecause
substrate data were not continuous, using different grouping methods for substrate was not
appropriate and thatilization data plot was treated as the best substrate utilization curve. For
depth, velocity, and substratbetbest utilizabn curve was evaluated in terms of availability

data (ie., preferencepublished informationand/or the professional opinion of project

biologists familiar with middle Susitna River salmon stottkdevelop suitability curves
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6.1.1.2. Chinook, Coho, and Pink Salmon Spawning (Vincent-Lang et al. 1984b)

The 1980stsidies related to the development of HSC for spaw@inigook, coho, and pink
salmon wee described by Vincesitang et al. (1984b)For Chinook salmon, HSC were
developed based otilization data forthe habitat variables of depth, velocity, audbstrate
composition at spawning sitesselected tributaries of theititlle Segment of th&usitna River.
Thesedata were modified using statistical methods and the profesgioigahents of project
biologigs familiar with Susitna Rive€hinooksalmon stocks to develop suitability criteria for
Chinooksalmonspawning in tributaries of the illtdle Segment Suitability criteria were also
developed for coho and pirglalmonspawning in tributaries of the ifldle Segmenbased on
literature information as modified using the professional judgmergsoggct biologists familiar
with the Susitna River coho and pink salmstocks.

6.1.1.2.1. Site Selection

Out of 11tributariessurveyedn theMiddle Segment of th&usitna Riverfour tributaries

(Portage Creek, Indian River, FoudhJuly Creek, and Cheechako Creek) werend to
supportrelatively highlevels of Chinook salmon spawniagd were thereforeelected for
collection ofChinook salmon spawning utiation data.These four tributaries suppedmore
than98% of the 198%&hinook salmon spawning in theiddlle Segmenbf the Susitna River

with the majorityoccurringin Portage and India@reeks. These four thhutares also suppaeti
morethan 97% of th@ink salmon spwning andnorethan 70% of the coho salmon spawning in
tributaries of the middle reach of the Susitna River (Barrett @98B). Within the selected
tributaries,specific sitesvere chosefrom helicopter reconnaissance that hagh

concentrations dish andwerecondudve to thedeployment of fieldoersonnel. A list of sites

and the number of redds where suitability data were collected in support of HSC development
are provided in Tabl6.1-3.

6.1.1.2.2. Collection Methods

Data collection efforts were timed ¢oincide with peak Chinook salmon spawning activity in
selected tributaries, which occurred from July 10 to August 20, 1983. Spawning salmon were
located in each study stream by visual observation and the same methods desdfibedrty
Lang et al. (184b) for collecting chum and sockeye spawning utilization were. used

6.1.1.2.3.  Data Analysis and HSC Curve Development

For Chinook salmon spawning, sufficient data were collected to develop HSC using utilization
data collected at redds in tributaries to the Midg#gment of th&usitna River. Analytical

methods were similar to those used for chum and sockeye salmon spawning summarized above
and described byincentLang et al. (1984andVincentLang et al. (1984). Utilization data

for coho and pink salmon spaing were insufficient to develop HSC. Curves for these two
species were instead derived frpneviously published information, as modified using the

opinion of field biologists familiar with Susitha River salmon stocks.
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6.1.1.3. Juvenile Salmon Rearing in the Middle Susitna River (Suchanek et al. 1984a)

Studies related to the development of HSC for juvenile salmon rearing in the Belgheent of

the Susitna River are described by Suchanek et al. (1984a). These studies were conducted to
support evaluations of thedfects of tianges in Susitna River flow regimes on habitat used by
rearing juvenile salmonln order to model changes in habitat usability, data were collected for
development of suitability criteria for the habitat attributes of cover, velocity, arid depd by
juvenile Chinook, coho, sockeye, and chum salmon based on representative sites between the
Chulitna River confluence and Des{Canyon.

6.1.1.3.1. Site Selection

Locations selectefibr sampling in 1983 for this effoltad substantial numbers refaring
juvenile salmon during previous studiesl®B81 and 1982 or were thought to be typsitds
having the potential for juvenile rearin§iteswerelocatedin the MiddleSegment of the
Susitna River between Whiskers Creek (RM 101.2) and Poteegk (RM148.8). Seven
tributary sites, two upland sloughs, andatRer sitexcharacterized aside sloughs or side
channelgdepending on mainstem flowajere sampled déast four times Nine additionalsites
weresampled only once and five sit@eresampledwo or three timesTheseadditionalsites
werechoserto represent a widecross section of habitat conditions experienceceying
juvenile salmon in this reach of the Susitna Rimeaddition to the intensive sampling in
tributaries, upland sloughside sloughs, and side channdlsmited sampling was done in the
mainstem channel and large side channels because of the difficedtynpling these areas and
because high velocities these areas was thoughtitoit juvenile rearing.

6.1.1.3.2. Collection Methods

Sampling was conducted duringt8 10-day fieldefforts,twice monthly between May and
October 1983. Twenty-three sites were sampled from three to seven times while 12 other sites
were only incidentally samplezh one or two occasiong\pproximatey eight staked transects
from 75 to 200 feet apart were established a@asbstudy site.Sampling cells 50 feet long by

six feet wide (300 f) were delineatedpstream fom each transectlong each shorelirend

another midchannel cell was locatdzbtween shoreline cellSransects were placed to
maximizethe within-site variabilityof habitat types sampled while also attempting to maintain
uniform physical habitat within individual sampling cell€ells were selectet represena

wide range ohabitat typesapproximately20 cellswere sampled per day.

Sampling effort was targeted at sit@isererearing fish were numerous based on knowledge of
seasonal movement&ampling frequency was reduced if efforts to c&@br more juvenile®f

a speas in a grid of transects were unsuccesdBalckpack electrofishingnits and 1/8" mesh
beach seines were used to sangelés in their entirety Beach seining watypically limited to
turbid waterareasvhereaslectrofishingwas used irtlear wateareas Electrofishingwas the
preferred sampling method, but was found to be ineffeativerbid water. Each captured fish
was identified to species amteasuredor total length

After sampling for fish, a set of habitat parameters for eachveslimeauredeven if no fish

were capturedThe average depth andlweity was measured arte total amount of available
cover (expressed in percent areal coveragd)dominant cover type was estimated for each cell.
Water temperature, ssolved oxygen, pHonductivity, and turbidity were measured at one
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point in the grid with a second measurement takeanfobvious water quality gradient existed
across the grid.

6.1.1.3.3.  Data Analysis and HSC Curve Development

The first step in developing HSC curves for rearingepuke salmon was to separate data by gear
type due to differences in effectiveness and because each gear was used selectively, dependent
upon sampling conditions. Different types of analyses were used for Chinook and coho salmon
in comparison to sockey@ad chum salmon based on differences in territoriality and propensity

for schooling behavior. Suitability for Chinook and coho salmon was derived by dividing total
fish catch for a given habitat parameter value (utilization) by the number of cells fighatev

same habitat parameter value (effort). Fish density was assumed to be a function of mean catch
per cell. Differences in mean catch per cell by habitat value were analyzed with analysis of
variance and least squares regression.

For sockeye and chusalmon, suitability was derived by dividing the total number of cells with
fish present for a given habitat value (utilization) by the number of cells fished (effort). This
modification was needed for sockeye and chum salmon because the typical gdhetwdinior
exhibited by these species could lead to the capture of a large school within a cell, which might
disproportionately affect mean catch per cell. Differences in proportional presence by habitat
attribute value were analyzed with &tguare testsf association.

For all analyses, data from all sites over the entire season were pooled by species. Data from
tributary sites without major runs of sockeye salmon were excluded from the sockeye suitability
criteria development. Data collected betwdtay 1 and 15, when only a small percentage of
sockeye had emerged, were also excluded. Because the vast majority of chum salmon
outmigrate from the upper Susitna River prior to July 15 (ADF&G #p&hly data collected

before July 15 were used to devekystability relationships for this species.

Statistical analyses used included analysis of variance, linear regression-agdachitests of
association. All velocity and depth criteria were fit to the data by hand using professional
judgment to givehe best fit.

6.1.1.4. Juvenile Salmon Rearing in the Lower Susitna River (Suchanek et al. 1985)

In 1984, Suchanek et al. (1985) conducted a follpnstudy to evaluate juvenile salmon rearing
habitat suitability in the Lower Susitna River (below the Chulitna Rieefluence). The goal of
the study was to verify the applicability of the suitability criteria developed for the Middle
Segment of th&usitna River in 1983 by Suchanek et al. (1)84uch that the 1983 Middle
River curves could be used for the Lower &iunless the 1984 studies in the Lower River
provided evidence for modifications.

6.1.1.4.1. Site Selection

Sampling sites included 20 habitat model sites that were normally sampled twice a month and 31
opportunistic sites which were usually sampled only once.20haodeled sites were

distributed between the Yentna River confluence and Talkeetna. Eight of these sites were
located within slough or side channel complexes. Four of the sites were normalyatear

sloughs or tributary mouths while the other sitese turbid secondary side channels at normal
summer flows. Opportunistic sampling sites were selected by sampling crews as potential
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habitat which upon sampling might provide for a better analysis of fish abundance and
distribution. Sites sampled wereaore diverse than the modeled sites and included areas within
alluvial island complexes.

6.1.1.4.2. Collection Methods

Sampling methods were the same as those used during the 1983 studies in the Middle River
(Suchanek et al. 1984a) described above.

6.1.1.4.3.  Data Analysis and HSC Curve Development

Initial data analysis methods were the same as those used by Suchanek et al. (1984a) in the
Middle River. However, additional methods were used to compare the Middle (1983) and Lower
(1984) River data. Comparisons were made by plpttie suitability criteria derived for the

Middle River on the same graph with corresponding data from the Lower River. After
normalizing criteria from the two years, composite weighting factors were calculated for each
cell using the 1983 suitability iberia and revised 1984 criteria. These weighting factors were

then compared with catch. If the fit of the 1984 dathéo1983 suitability criteria were

substantially differentipon visual inspection, the 1983 criteria were modified.

6.1.1.5. Resident Fish (Suchanek et al. 1984b)

Studies related to the development of HSGCskdect resident fish speciage described by

Suchanelet al. (1984b).The microhabitat suitability for rainbow trout, Arctic grayling, round
whitefish, and longnose suckers in the Mid8&gment of thé&Susitna Rivewere evaluated

using eéctrofishing, beach seine, and hook and line catch data and habitat data collected at radio
telemetry relocation sites (rainbow trout and burbot) and spawning sites (round whitefish).

6.1.1.5.1. Site Selection

Thirteen study sites were sampled from JlyDctobey 1983 to develop HSC fadult resident
species These sites welecated between the Chulitna River confluence and B&ahyon and
consisted osix tributary mouths, three tributaries, three side slousis one upland slough
Nine slough and tributannouthsiteswith relatively high numbers of adult residdish were
selected for samplg by boatelectrofishing which occurredwice a month from miduly to
October. Supplemental observations of resident fish were also obtained during other study
efforts. The upper reaches adur tributaries were irregularsampled by hooknd line in
conjunction withother study efforts (Sundet and Wenger )984ivenile and agfv adult
resident fish weralsocaptured incidentally at 3&tes sampled during the juvengalmon
studiesdescribed above (Suchanek et al. 1984dicrohabitat was also measured at relocation
sites of 24 radio taggedinbow trout and burbabat incudedtributary mouthssloughssites in
the mainstem Susitna River between RM 100.8 and1R817 and at three tributaries.

6.1.1.5.2. Collection Methods

Adult and a small number of juvenile 200mm) resident fish were captured at accessible
locations in theMiddle Segment of th&usitna River using a boat mounted electrofishing unit.

In tributaries, adult resident fish were also captured by hook and line. Juvenile resident fish at
upland slough, side slough, mainstem and tributary sites were collected witrsbershand
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backpack electrofishing units. All resident fish were identified to species and length, sex, and
sexual maturity information were recorded. Juvenile resident fishalsyeaptured

incidentally during juvenile anadromous sampling of cellsguk located at a greater diversity
of sites using beach seining and backpack electrofishing as described above.

Each microhabitat study location was divided into one to three, ¢picisted suclthat water
guality conditions wereas uniformas possibl@ndto encompass a variety of habitgpes. At
tributary mouths, one grid wastablishedn the mainstendusitna Riveupstream othe

tributary confluencea secondyrid wasestablishedvithin or below the confluence where the
tributary was th@rimarywater source, and a third grid westablishedvhere the mainstend
tributary waters mixedSlough andributaty sites eaclmad one to three grids depending on the
water quality. Grid locations wereeestablisheduring each samplingffort to accountor
changes in hydraulic conditiong&ach grid wasubdivided intaectangulacellsof varying
lengthand width. Stream width constituted tiveidth of cells in tributaries, which were sampled
by hook and line Cell widths at sloughs and tributary mbat whichwere sampled by boat
electrofishing, wergypically five feetwhich wasthe average effective capture width of the boat
electrofishing equipment used.

Microhabitat data was collected at relocation sites of four burbot and 20 rainbowh &l

beenradio tagged in 1983. These fish were tracked from airplanes and boats and habitat
measurements were taken after a radio tagged fish was relocated by boat to an area of no greater
than 30 feet by 30 feet; in some cases, radio tagged fish wergeaxhgeor each celand radio

tagged fish relocation site, mean depth, mean velocity, turbidity, and other water quality
parameters were measured.

6.1.1.5.3.  Data Analysis and HSC Curve Development

Due to differences in habitat conditions sampled, hook and linevéaéaanalyzed separately

from boat electrofishing data. Observations were grouped according to the frequency
distribution of each habitat parameter. Turbidity values were grouped into three categ8ries (1
NTU, 1030 NTU, and >30 NTU) based on inflectipnints at which light penetration changes
considerably in glacial systems in Alaska and because Chinook salmon fry were found to use
turbidities >30 NTU for cover.

After grouping, Kendall randorder correlation coefficients were calculated between habitat

values and catch. Because cells varied in size, catch was standardized in terms of fish caught per
1,000 f of surface area, which was assumed to reflect density as well as suitability. Suitability
was determined for velocity, depth, cover type, andeyd cover. Velocity was considered an
important determinant of distribution and suitability criteria were fit by hand to the distributions
of catch using professional judgment for each species. Because data for velocities greater than
4.3 ft/s were notollected, it was assumed that suitability for all species was 0.0 for velocities
greater than 4.8/s. Depth was not considered an important determinant of distribution;
therefore, suitability criteria were not fit to depth observations. Howevenis&oamimum

depth was considered limiting, suitability was conservatively set to 1.0 for all depths greater than
0.6 ft and to 0.0 for depths less than 0.5 ft.

While percent cover and cover type both were considered to have potential importance in
determinng adult fish distribution, limited sample sizes only allowed for the consideration of
cover type. Turbidity was incorporated into suitability indices for cover type because the
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suitability of cells without cover was found to increase as turbidity iseckaThis was
accomplished by developing cover type suitability indices for both ¢fd&rNTU) and turbid
(>30 NTU) conditions.

Overall, oly round whitefish juveniles were captured in sufficient numbers at juvenile salmon
study sites to warrant develment of HSC.The habitat parameters of velocity, depth, percent
cover and cover type were examined for criteria development.

6.1.2. Results

The following sections summarize the results of HSC data collection efforts and the resulting
development of HSC curves from the various 1980s studies. Results are orgadizeported
by species and life stage and therefore include results from raudtipdies.

6.1.2.1. Chum Salmon

Chum salmon HSC curves were developed for spawning in the Msgdjment of the Susitna
River (VincentLang et al. 1984a) and for juvenile rearing in the Mid&leghanek et al. 1984
and LowersegmentgSuchanek et al. 1985). Thasis for the curves developed for each life
stage igrovided below.

6.1.2.1.1.  Spawning

A total of 333 chum salmon redds wetaveyedy VincentLang et al. (1984ajuring 1982

and 1983 for the habitat variablesdepth, velocity, substrate, atfte presence ofipwelling
groundwater Of these reddsl31 were within hydraulic simulation modeling study sites and had
associated availability dat&ecause of the limited number of measurements in Side Slough 8A
and Side Channel 21, only utilization (128 measuremantsavailability data obtained in Side
Sloughs 9 and 21 were used in the evaluation of preferdigs.information was used to

develop tum salmon spawningSC fordepth, velocity, substrate, upwelling, aaadombined
substrate/upwellingriteria indexwhich are described in the following sections

Although depths less than 0.2 ft were available, these not usetdy spawningchum salmon
Depths less than 0.2 ft wetleereforeassigned auitability indexof 0.0(Figure6.1-1). A strong
preference waidentified for depthbetween 0.8 and 2.3 (ite., thefrequency of utiliation was
greater than the frequency of availgbknd hereforethese depths were assignesugability
indexof 1.0. Based orpublished data (Hale 1981) and the opinionrofgct biologists familiar
with chum salmon in th®iddle Segment of th&usitna River, it waassumedhat deptls >2.3

ft would not limit chum salmon spawning within the range of conditions encourgtiiesl study
sites. Becausehlte maximum predictedepth at all modeled study sites was 7, Bhigsuitability
index of 1.0was extended out to 8.0 fEor depths from 0.8 to 2.3 theratio of utilized to
availablehabitatfor the 0.2 to 0.5 ft incrememtas lesghan for the 0.5 to 0.8 fincrement.
Suitability was therefore assumeditarease in an exponential fashion over the range of 0.2 to
0.8 ft, which wageflected by assigningsuitability indexof 0.2 to a depth of 0.5 ft.

A general preference was exhibiteg spawning chum salmdar velogties between 0.0 and 1.3
ft/s. Thus asuitability indexof 1.0 was assigned to this range of velociffegure6.1-2).
Suitability for higher velocities was subjectively determitedause no concurrent
utilization/availability data were collected feelocities exceeding.3 ft/s The maximum
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utilized velocity was 4.3 f; thusa velocity of 4.5 ftls wasselectechsa maximum valuand
assigned auitability indexof 0.0. Utilization from 1.3 ft/sto 2.8 ft/s was greater than fro@.8
ft/sto 4.5ft/s. Therefore, suitability indexof 0.2was assignetb a velocity of 2.8t/s.

Substrates ranging from large graveldogecobble(reported simply as cobblappear to be
preferred fochumspawning. However,publisheddata (Halel981; Wilson et ka1981)suggest
thatlargecobblesubstratesreless preferred for chum salmon spawning than large gravels and
small cobbles (reported as rubbl®jiscussions with field personnallso suggesteapotential
sampling bias for larger substrates since field persameie more likely taverestimate

substrate sized-or these reasonssaitability indexof 1.0 was assigned targe gravel and

small cobblesubstrats (Figure6.1-3). Larger cobble substrateere divided into several
incremens and assigned suitability indicesiging from0.85to 0.25, while boulders were
assigned an index value of 0.0. Silt and smaller substrates were not utilized and were assigned a
suitability index of 0.0. Asmall utilized to available ratizvas observed for sand increments,
which were assignedlaw suitability index (0.025 and 0.05). This was supported by published
information(Hale 1981; Wilson et al. 1981)ntermediatesubstrate size classes were assigned
by assumtmg a linearly increasing suitability.

A binary approaclvas used to assigmigability criteria for upwelling. Asuitability index of 1.0
was assignetbr the presence of upwelling whilesaitability index of 0.0vas assigned for the
absence ofipwelling(Figure6.1-4). This approackas considered justifidolsed on field data
that indicatedpawning chum salmon appear to key on upwelling (ADF&G &P88uitability
criteriawere alsadevelopedor the combination ofudbstrateandupwelling When upwding is
presentcriteria werddentical to the individual substrate suitability criteridoweverwhen
upwelling is not presena suitability indexof 0.0wasassigned to each substrate class.

6.1.2.1.2.  Juvenile Rearing
6.1.2.1.2.1. Middle Susitna River

Suchanek et a(1984a) captured a total of 1,157 juvenile chum salmon from 514 sample cells
during efforts to collect juvenile salmon suitability criteria data in the MiBier (Table6.1-

4). This total excludes some cells that were sampled after the period of peak chum salmon
outmigration to avoid biasing analyses based on the presence or absence of juvenile chum
salmon. Chi-square tests indicated that #sociation of juvenile chum salmpresence was
significant for depthyelocity, cover type, and percent cover.

To determine the relative importance of each habitat parameter, composite weighting factors
were developed using various combinations of habitat parameters. The effect afrdteth
distribution of juvenile salmon was not considered limiting beyond a minimum threshold, and

the inclusion of depth in composite weighting factors showed only minimal improvement in the
correlation with catch. Therefore, for juvenile chum and &kéojuvenile salmon species

considered, depths greater than or equal to 0.15 ft were assigned a suitability index of 1.0 (Figure
6.1-5). Depths less than 0.15 were assigned a suitability index of 0.0 based on professional
judgment.

Sample sizes were ingigient to develop separate suitability curves based on turbid vs: clear
water conditions. Thus, observations from electrofishing (eleder) and seining (turbidater)
were pooled for analyses. Slow velocities between 0.0 and 0.35 ft/s were foenajptiintal for
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juvenile chum salmon and were assigned a suitability index of 1.0 (FAdu63. Velocities
greater than 0.35 ft/s were assigned decreasing suitability indices, reaching 0.0 at velocities of
2.10 and greater.

Compared to juvenile sockeyehi@ook, and coho salmon, chum salmon rear for the shortest
durationin theMiddle Susitna River (ADF&G 1988. Suchanek et a(1984a) observed that
juvenile chum initially use substrate as cover and then rely on protection provided by schooling
behavior. This was reflected bg greaterelative use of large substrate for cover by chum
salmoncompared to other specieBlean catches of juvenile chum salmon were less in cells
without object cover in turbid watespggeshg avoidance of turbid conditionddowever, this

may have also beeamn artifactof clearwaterconditions predominatingear emergence areas.
Cover type and percent cover suitability are shown for juvenile chum salmon in6Ilable

6.1.2.1.2.2. Lower Susitna River

Sampling in 1984 bpuchanek et a(1985) found that the use side channels in thHeower

River of the Susitna Rivenpjuvenile chum salmon was limited by high turbidities. For this
reason, sampled cells with turbidities greater than 200 NTU were eliminated from suitability
criteria deelopment. Cells were also excluded from analyses if they were sampled before the
date when most chum salmon outmigration occurred (July 16). After applying these criteria, 249
cells were available for analysis; juvenile chum were captar88 (39.4%) bthese cells.

The distribution of chum presence by depth intervah@Lower River inl984 was similar to

that found in the Middle River in 1983Thus,the criteriadeveloped for the Middle River was
generally the same as that developed for the Lower River (Féglieg. One exception was that
the curve developed for the Lower River increased directly from a suitability index of 0.0 (at a
depth of 0.0 ft) to 1.0 (at depth of 0.1 ft). In contrast, the Mid@egmentepth curve (used

for all juvenile salmon species) increased from a suitability index of 0.0 (at a depth of 0.14 ft) to
1.0 (at a depth of 0.15 ft). Presumably, this difference represents a lackedesit tathe

Lower Rivercurve to account for a minimum depth requirement. Alternativelyit@épth
increments may have been deemed adequate for modeling efforts, making the suitability of
depths between 0.0 and 0.1 irrelevant.

With respect to veloty, data collected ithe Lower Riverin 1984 indicated thahe distribution
of juvenile chumpresence wasimilar tothe MiddleSegmentn 1983. Therefore, the suitability
criteria forchum sainon developedor the Middle Segmernih 1983 was selectedrfoase in 1984
for theLower River(Figure6.1-6).

Therelationship of chum salmon use to percent cover and tgpyemn the MiddleSegmentn
1983was the weakest of any of the four speciestheLower Riverin 1984, the &% cover
category and the "ncover" type had the highest proportiopaésence within their respective
distributions suggesting thathum salmon fry do not orient tmver during rearingBecause no
trends were apparerpver type and percenbverwere notused in the 184 analys of chum
habitat use. Thus, a suitability index of 1.0 was appbesl cover types and percentages of
cover for theLower River(Table6.1-6). Again, the lack of a relationship between juvenile
chum and cover was attributed to a reliance on schgpbkhavior for protection from predators
rather than cover.
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6.1.2.2. Sockeye Salmon

Sockeye salmon HSC curves were developed for spawnthg Middle Segmeng{Vincent

Lang et al. 1984a) and for juvenile rearing in the Mid@echanek et al. 1983 and Lower
segmentgSuchanek et al. 1985). The basis for the curves developed for each life stage are
provided below.

6.1.2.2.1.  Spawning

During 1982 and 198&total of 81 sockeye salmon redds were sampiedincentLang et al.
(1984a)for depth, velocity, substrate, atite presence of upwelling groundwatedf these

redds only one was located within a hydraulic simulation modeling studysitech precluded

an analysis of preference for sockeye salmon spawiihgs,the derived sockeye salmon
spawningHSCwerebasedsolely on utilization datsas modified by the professional opinion of
project biologists familiar with middle Susitna River sockeye salmon stocks using literature data
and accumulated field observatiorEhis information resulted iRiSC fordepth, velody,

substrate, upwelling, and a combined substrate/upwelling criteria, inthéch are described in

the following sections

Depths from 0.0 to 0.2 ft were not utilized for spawning and were therefore assigutabdity
indexof 0.0(Figure6.1-7). Depths that were most utilizezenteedaround 0.75 ftwhich was
therefore assignedlsuitability indexof 1.0. It was assumed that deptipeater than 0.75 ft
would not likely limit sockeye salmon spawning within the range of ¢mmdi in the study sites,
based on the opinion of project biologistBhesuitability indexof 1.0 waghereforeextended

out to 8.0 ft. Depths ranging from 0.2 to 0.5utere thought to bkess suitable for spawning than
depths ranging from 0.5 to 0.75 fThus asuitabilityindexof 0.9was assignetb a depth 00.5

ft.

For a velocity of 0.0 ft/s, a suitability index 1.0 was assigng@rigure6.1-8); this suitability
indexwas extended out to a velocity of T3 based on a review of literature data (USFWS
1983) and thepinion of project biologistsA suitability indexof 0.0 was assigned to a velocity
of 4.5ft/s to be consistent with the endpoint of the velocitywvefor chum salmorspawning

This rationale was applideecause it wagssumedhat velocities for soakye salmon spawning
would be no greater than for chum salmon spawningbemoduse data wenot available to
supportiower velocities as an end poiri¥.elocities ranging from 1.0 to 3ffis were thought to
be more suitable for sockeye salmon spawning ttedocities from 3.0 to 4.8/s. Thereforea
suitability indexof 0.10was assignetb a velocity of 3.Gt/s.

Large gravel andmall cobblesubstrates appesdto be most often utilized for sockeye salmon
spawning. This finding was supported by pusiied informatiofUSFWS 1983)andthese
substrates were assigneduatability indexof 1.0 (Figure6.1-9). Largecobble and boulder
substrates were also utilized for spawning but to a lesser extentever,the apparent
utilization of theselarger subtrates was thought to refleet sampling bias toward larger
substrates than smaller substrates; that is, field personnel more likely noted larger substrate sizes
than smaller substrate sizeBublished informatiofUSFWS 1983also showedhatlarge

cobde and boulder substrategrenot as preferred as large gravels anhll cobble.

Therefore, substrates between small cobble and large cobblasseyeed suitability index
from 0.90to0 0.10 respectively Boulders were assigned a suitability index of 0.0 as were
substrates of sand and silt.olferate utilization of small gravel substratese observed though
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accumulated field experience and literature information (USFWS Ke@@jested thaarger
gravelsubstrates would be maoseitabk for sockeyespawning. Thus, suitability index of 0.10
were assigned to substrates between sand and small graved €nill gravel substrate, 0.95 to
substrates between small gravel and large gravel.

Suitability critera for upwelling were assigned using a binary appraaethich a suitability
indexof 1.0 was assignesthereupwellingwaspresent and auitability indexof 0.0 was
assignedvhereupwellingwasabsen{Figure6.1-10). This approachvas considered just#d
based on field dathat indicatedspawningsockeyesalmon appeao key on upwelling
(ADF&G 198339. Suitability criteriawere alsalevelopedor the combination ofugstrateand
upwelling When upwelling is presentriteria weradentical to the idividual substrate
suitability criteria Howeverwhen upwelling is not preserasuitability indexof 0.0was
assigned to each substrate class.

6.1.2.2.2.  Juvenile Rearing
6.1.2.2.2.1. Middle Susitna River

Suchanek et a(1984a) captured a total of 1,006 juvenile sockeye salmon from 1,013 sample
cells during efforts to collect juvenile salmon suitability criteria data in the Middle SuRikea
(Table6.1-4). To avoid biasing analyses based on the presence or absence of juvenile sockeye
salmon, this total excludes some cells that were sampled in tributaries without major sockeye
salmon runs or when only a small percentage of sockeye had em@igestuare tests

indicated that thassociation of juvenile sockeye salmon presence was significant for depth,
velocity, cover type, and percent cover.

To determine the relative importance of each habitat parameter, composite weighting factors
were developed usg various combinations of habitat parameters. The effect of depth on the
distribution of juvenile salmon was not considered limiting beyond a minimum threshold, and

the inclusion of depth in composite weighting factors showed only minimal improventast in
correlation with catch. Therefore, for juvenile sockeye and all other juvenile salmon species
considered, depths greater than or equal to 0.15 ft were assigned a suitability index of 1.0 (Figure
6.1-11). Depths less than 0.15 were assigned a sutiyahdex of 0.0 based on professional
judgment.

Sample sizes were insufficient to develop separate suitability curves based on turbid-vs. clear
water conditions. Thus, observations from electrofishing (cleser) and seining (turbidiater)

were pooledor analyses. Slow velocities between 0.0 and 0.05 ft/s were found to be optimal for
juvenile sockeye salmon and were assigned a suitability index of 1.0 (Bigtk2). Velocities
greater than 0.05 ft/s were assigned decreasing suitability indicelsinggQ.0 at velocities of

2.10 and greater.

Compared to Chinook and coho juveniles;leyejuvenileswere apparently much less
dependent on cover because they more likely tause the schoolingehavioras a means of
predator avoidanceSchools of sdkeyejuvenileswere observedanging throughout areas
varyingfrom heavy cover to no coveHowever, the distribution gtivenile sockeye salmon
appearedo have some relationship tmver, reflected in the suitability indices developetiover
type and prcent cover suitability are shown for juvenile sockeye salmon in Babke
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6.1.2.2.2.2. Lower Susitna River

Sampling in 1984 bpuchanek et al. (1985) found that the uskafer Riverside channels by
juvenilesockeyesalmon was limited by high turbidities. Fbid reason, sampled cells with
turbidities greater thaB50NTU were eliminated from suitability criteria development. After
these cells were exclude@R?2 cells were available for analysis; juversieckeyewvere captured
in 117 (12.7%) of these cells.

No trend was noted in the 1984 depth distribution fatéhe MiddleRiver. Fish were captured
in 2 ofthe 20 cells sampled withdepth 00.1 ft, suggestindhat this depth was suitabl@he
distribution of chum presence by depth intervah@Lower Riverin 1984 was similar to that
found in the Middle Segmemt 1983 Thus,the criteriadeveloped for the MiddIRiverwas
generally the same asathdeveloped for theower River(Figure6.1-11). One exception was
that the cure developed for #aLower Riverincreased directly from a suitability index of 0.0 (at
a depth of 0.0 ft) to 1.0 (at a depth of 0.1 fit) contrast, the MiddIRiver depth curve (used for
all juvenile salmon species) increased from a suitability index of 0.0 (at a dépfi#dt) to 1.0
(at a depth of 0.15 ft). Presumably, this difference represents a lack of refinement to Lower
River curve to account for a minimum depth requirement. Alternativehff @epth increments
may have been deemed adequate for modeling®ffoaking the suitability of depths between
0.0 and 0.1 irrelevant.

With respect to velocityhe proportional presence juvenile sockeye in theower Riverin

1984by velocity interval was vergimilar to that foundn the Middle Segmenn 1983.
Velocitiesgreater than 1.2/ were not used by juvenile sockeye imeityear, although Middle
River sample sizes were smalldBecause no use was observed at velocities greater than 1.2 ft/s,
the curve develped in 1984 for theower Riverwas revisedusch thatvelocities greatethan 1.2

ft/s had a suitability index of 0.0 (Figui@1-12).

For percent cover, thagiribution of proportional presence waisilar to that found irthe

Middle River of the Susitna Rivan 1983. The 1983 suitabilityelationship was therefore
selectedn 1984for usein theLower River(Table6.1-6). For cover type,he distribution of
proportional presence by cover type categatiffered slightly fran that found in the Middle
Segmentn 1983. Thus, the cover type suitdibe s developed for the Middle Segmevere
deemedhppropriate for th&ower River with two exceptions. Becausample sizes were small
(less than 25) for the cover type categoaesndercut bank and overhanging riparian
vegetation, suitabilitiesalculatedor the Middle Segmemwere averaged with tHeower River
suitabilities to give aalue intermediate between the t@i@ble6.1-6).

6.1.2.3. Chinook Salmon

Chinook salmon HSC curves were develdfor spawning in th®liddle River (VincentLang et
al. 1981b) and for juvenile rearing in the MiddI8 chanek et al. 198} and Lower segments
(Suchanek et al. 1985). The basis for the curves developed for each life stage are provided
below.

6.1.2.3.1.  Spawning

A total of 265 Chinook salmon redds were sampled during ®88Be habitat variables of
depth, velocity, and substrate. Of these redds, the majority of measurements were made in

Susitna-Watana Hydroelectric Project Alaska Energy Authority
FERC Project No. 14241 Page 88 March 2013



REPORT 2012 INSTREAM FLOW PLANNING STUDY

Portage Creek (n=137) and Indian River (n=125). This information was used to dd®%€lop
for Chinook spawninglepth, velocityandsubsrate which are described in the following
sections.

Chinooksalmon did not utilize depths from €005 ft for spawning; this range of depths was
therefore assigned a suitability index of 0.0 (Fighifel13). Depths ranging from 1.0 to 1.6 ft
appeared tbe most often utilized for spawning and were therefore assigned a suitability index
of 1.0. Based on utilization patterns, a linear relationship between depth and suitability was
assumed for depths between 0.5 andtl.Becausetiwas assumed that dep greater than 1.6 ft
would not likely limit spawning, a suitability index of 1.0 was extended out to depths of 4.0 ft,
which was the maximum depth commonly encountered in tributary habitats of the middle
Susitna River.

Velocities ranging from 0:0.3 ft/s were not utilized for spawning and thus were assigned
suitability indices of 0.0 (Figuré.1-14). Velocities from 1.7 to 2.3 ft/s were most often utilized

for spawning and were therefore assigned a suitability index of 1.0. Suitability indices of 0.25
and 0.60 were assigned to velocities of 0.8 and 2.6 ft/s, respectively, based on observed
utilization. Velocities greater than 4.5 ft/s were considered unsuitable for spawning and assigned
a suitability index of 0.0.

Utilization data indicated that smalbbble substrates were the most often utilized for spawning.
These size classes were assigned a suitability index (fFigjire6.1-15). Based on literature
information (Beauchamp et.dl983; Estes et al981), the suitability index of 1.0 extended t
include large gravel substrates. Small gravel and smaller substrates were not utilized; however,
literature data (Beauchamp et1#883; Estes et a1981) indicated that small to large gravel
substrates may be used by spawning Chinook salmon. A fglationship between substrate

and suitability was therefore assumed for substrates ranging from small gravel (with a suitability
of 0.0) to large gravel/small cobble (with a suitability of 1.0). Large cobble and boulder
substrates were alsoli#ed, bu to a lesser extent than small cobble substrates. However, it was
assumed that tHeeld observations wergiased toward larger substrates and literature

information indicated that large cobble and boulder substrates were less preferred than large
gravel and small cobble substrates (Beauchamp £98B; Estes et a1981). Based on this
rationale, large cdile substrates were assigned a suitability index of 0.7, large cobble/boulder
substrates were assigned a suitability index of 0.35, and boulder substrates were assigned a
suitability index of0.0.

6.1.2.3.2.  Juvenile Rearing
6.1.2.3.2.1. Middle Susitna River

Suchanek et a(1984a) captured a total of 4,395 juvenile Chinook salmon from 1,260 sample
cells during efforts to collect juvenile salmon suitability criteria data in the Middle Sirivea
(Table6.1-4). Chinook salmon were the only juvenile salmon captured in sufficienbers to
develop separate suitability curves based on turbid vs-wigi@r conditions. Thus,
observations from electrofishing (cleaater) and seining (turbidiater) were analyzed
separately. Analysis of variance on cleater data indicated thdepth and velocity were not
significantly related to juvenile Chinook catch when considered individually, but were
significant when considered togeth@oth cover type and percent cover were significantly
related to juvenile Chinook catch. Analysis afiance on turbidvater data indicated that
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juvenile Chinook catch was significantly related to velocity but not depth. The effect of object
cover was not analyzed for significance because seining effectiveness was reduced by the
amount and type of objecover. Moreover, object cover was considered less important when
turbidity was available.

To determine the relative importance of each habitat parameter, composite weighting factors
were developed using various combinations of habitat parameters. fa¢teoétiepth on the
distribution of juvenile salmon was not considered limiting beyond a minimum threshold, and
the inclusion of depth in composite weighting factors showed only minimal improvement in the
correlation with catch. Therefore, for juvenil@i@ook and all other juvenile salmon species
considered, depths greater than or equal to 0.15 ft were assigned a suitability index of 1.0
(Figure6.1-16). Depths less than 0.15 were assigned a suitability index of 0.0 based on
professional judgment. WRiseparate depth curves were not developed for-aleaturbid

water conditionsSuchanek et a(1984a) suggested that juvenile Chinook preferred shallower
depths in turbid water.

Under cleatwater conditions, velocities between 0.35 and 0.65 ft/s feeredl to be optimal for
juvenile Chinook salmon and were assigned a suitability index of 1.0 (Fdui&). Velocities
greater than 0.65 ft/s were assigned decreasing suitability indices, reaching 0.0 at velocities of
2.60 and greater. Under turbighiter conditions, juvenile Chinook appeared to prefer slower
velocities; velocities between 0.05 and 0.35 ft/s were found to be optimal and were assigned a
suitability index of 1.0 (Figuré.1-17). Velocities greater than 0.35 ft/s were assigned
decreasinguitability indices, and like the clearater curve, reached 0.0 at velocities of 2.60 and
greater.Suchanek et a{1984a) suggested that the preference for slower velocities in turbid
water may be attributable to the absence of velocity breaks toet@adbwhen turbidity is used

for cover rather than objects.

Theuse of object cover appeared stronger in elggtercompared to turbid water. While the
limited use ofobject covempparentn turbid waterwaspartly due togear bias fronseining
Suchank et al.(1984a) found thathe distributionof juvenile Chinook salmorwas clearly
different in turbid water compared to clear watBepth and velocityvere considered the
greatestnfluenceon distributionin turbid waterwhile object covewasmoreimportantin clear
water It was concluded that turbidity was used as cover rather than object cover. Thus,
suitability criteria for various cover types and peresmter were developed for cleaater
conditions, whereas turbigater suitability criteriavas only varied based on percent cover; all
turbid-water cover types were assgghthe same suitability (Tableléb).

6.1.2.3.2.2. Lower Susitna River

Data collected in theower Riverby Suchanek et al. (1985) in 1984 showed hingth turbidity

may limit the distribution o€Chinook salmon Thus, sampled cells were excluded from analyses
if turbiditiesweregreater thar350 NTU. Of the remainind,155samplecells 400 were

sampled in water with arbidity of 30 NTU or lessas with ampling in the Middle River in

1983, 30 NTU was used as the breakpoint between turbid and clear Mater adjusted catch
was 1.3ish per cellin the 400 cleawater cellsand 1.1 fish per cell in the5% turbid cells.
Comparisons between Middle andverriver data were made independently for cleater and
turbid-water conditions.
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While Middle River efforts in 1983 suggested that depth in clear water had little effect on

juvenile Chinook catch relative to other habitat parameters, Lower Riversafid®84

suggested a more frequent use of greater depths. Based on this findingneatdebower

River depth curve was developed using professional judgment in which only depths greater than
2.1 ft were assigned a suitability index of 1.0 (Fighife16). For turbidwater conditions, the

Lower River depth curve was developed by adjusting the Middle River curve such that optimum
depths ranged from 0.3 to 1.5 ft (Fig@é-16). A depth of 0.1 ft was also modified to have a
suitability >0.0 based onbgervations of limited Chinook use at this depth.

In clear water, thdistribution ofChinookcatchin the Middle River in 1984 showgqukak
catchest velocities ranginfrom 0.1 to 0.3 fps This range suggested that under clegater
conditions, Chinookised lower velocities theLower River compared to the Middle River.
The 1984 dearwater distribution of catch by velocity interval was msimilar to the 1983
turbid-watersuitability criteria Thus, thel983 turbidwatervelocity criteriafrom theMiddle

River were selected to represent the cleater velocity criteria for the Lower RivéfFigure6.1-
17). Under turbidwater conditions, velocities used by juvenile Chinook were similar in the
Lower and Middle River and the turbwdater Middle Rivewelocity criteria was considered
appropriate for the Lower River. Thus, the selected velocity criteria for the Lower River was
identical for turbid and cleatwater conditiongFigure6.1-17).

In clear water, the observed relationship between percent anglecatch in the Lower River was
found to be very similar to the suitability criteria developed for the Middle River in 1983. Thus,
theMiddle Riversuitability criteria wereonsidered good estimate of this relationslige the

Lower River (Tables.1-6). Likewise, the turbidvater Middle River suitabilitgriteria for

percent cover werédeemed appropriate for turbwdater conditions in the Lower River.

Clearwater over type suitabilitis derived for the Lower River in 1984 differed dramatically
fromthose derived in th®liddle Riverin 1983. Compared to the Middle Riverelris was used
lessfrequently in the Lower River while emergent vegetation was more frequently Tisad,

the clearwater cover type suitability criteria for the Lowe Riversaadjusted accordingly (Table
6.1-6). Catches in cells without objecbver were also relatively highertime Lower River than

in the Middle River. However, this difference was attributed to a greater use of deeper water for
coverinthe LowerRiver,ah sui tability for fAno covero from
retained. While turbidvater cover type suitability criteria were not developed for the Middle
River, Suchanek et al. (198%fined cover type suitability criteria specific to the LowerdRiv

To account for the reduced importance of object cover under turbid conditions, a maximum
suitability index of 0.4 was applied to all cover types.

6.1.2.4. Coho Salmon

Coho salmon HSC curves were developed for spawintpe Middle River (Vincentang et
al. 1984b) and for juvenile rearing in the Middeuchanek et al. 1984 and Lower River
(Suchanek et al. 1985). Thases for the curves developed for each life stageraveded
below.

6.1.2.4.1.  Spawning

Utilization data were not collected for coho salmon spawmrbe Susitna River during the
1980s. However, Vinceritang et al. (1984b) developed HSC for the habitat variables of depth,
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velocity, and substrate based entirely on previously published information, as modified using the
opinion of field biologists famiar with Susitna River salmon stocks. Due to limited published
information available on coho salmon spawning habitat requirements in the Susitna River
watershed, the coho salmon spawning HSC developed for the Terror Lake envirbnmenta
assessment (Monet al. 1981) were chosen as the basis for modification.

The depth HSC developed for coho salmon spawning generally followed the Terror lake system
curve, with the exception that the curve developed for the Susitna River deflected upward at a
depth of 0.3t as opposed to 0.5 ft in the Terror Lake curve (Figut€l8). This was based on

the opinion of project biologists that depths less than 0.5 ft but greater than 0.3 ft, would be
suitable for coho spawning. Additionally, the suitability index of 1.6 estended out to a

depth of 4.0 ft based on the opinion of project biologists that depth alone, if greater than 2.0 ft
(the depth at which suitability on the Terror Lake curve begins to decline) would not likely limit
coho salmon spawning.

The velocity HE developed for coho salmon spawning generally coincided with the velocity
curve developed for the Terror Lake systefe curve was smoothed slightly to reflect the
opinion of field biologists familiar with coho salmon spawning in the Susitna Rivershatbr
(Figure6.1-19).

The substrate suitability criteria curve developed for coho salmon spawning in the Terror Lake
system was thought to be representative of substrate suitability for coho salmon spawning in the
middle reach of the Susitna River andafiected in the criteria presented (Fig6ré-20).

6.1.2.4.2.  Juvenile Rearing
6.1.2.4.2.1. Middle Susitna River

Suchanek et a(1984a) captured a total of 2,020 juvenile coho salmon from 1,260 sample cells
during efforts to collect juvenile salmon suitability criteria dattheaMiddle Susitn&®River
(Table6.1-4). Sample sizes were insufficient to develop separate suitability curves based on
turbid vs. cleawater conditions. Juvenile coho catches were small in turbid water and
electrofishing (cleawater) data were deemed sufficient for criteria developm€hus, juvenile
coho criteria were developed based exclusively on catches undewakearconditions.

Analysis of variance indicated that depth and velocity were significantly related to juvenile coho
catch, as were both cover type and percent coMerdetermine the relative importance of each
habitat parameter, composite weighting factors were developed using various combinations of
habitat parameters. The effect of depth on the distribution of juvenile salmon was not considered
limiting beyond aminimum threshold, and the inclusion of depth in composite weighting factors
showed only minimal improvement in the correlation with catch. Therefore, for juvenile coho

and all other juvenile salmon species considered, depths greater than or eqésfttor€rd

assigned a suitability index of 1.0 (Fig@.&-21). Depths less than 0.15 were assigned a

suitability index of 0.0 based on professional judgment.

Velocities between 0.05 and 0.35 ft/s were considered optimal for juvenile coho salmon and
wereassigned a suitability index of 1.0 (Figd-22). Velocities greater than 0.35 ft/s were
assigned decreasing suitability indices, reaching 0.0 at velocities of 2.10 and greater.
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Suchanek et a(1984a) suggested thahé distribution ofjuvenilecohosalmon fry may be
limited byalack of suitable cover typaotingvery strongpreferences focertaincover types
such as debris and undercut bankslike juvenile iinook salmon, substrate wesldomused
as coveby juvenile coho Also unlike Ghinodk salmon, coho salmoridinot appear to use
turbid water as coverThis was consistent with other studies reviewe&bghanek et al.
(1984), includingBisson and Bilby (1982) arsigler et al. (1984). In additionatches of coho
salmon were very lowniturbid side channe(®ugan et al. 1984 However, over types
preferred by cohaverealso very scarce at these sigeslalmost impossible to sample
effectively with seinesSuchanek et a{1984a) speculated thatohomayleave a site when
turbidities exceed a certain leveBased on this information, suitabilityiteriadeveloped for
percent cover and cover type are provided in Tallb.

6.1.2.4.2.2. Lower Susitna River

Sampling in 1984 bpuchanek et al. (1988apturedew cohoin habitattypes othethan
tributary mouths in theower River. Thereforenly tributarymouth data were useéd compare
suitability criteria for the Middle and Lower River.uibidities in the tributary mouths were
generally less than 30 NTU.

A total of 345 cells with completeabitat data were sampled in tributanputhsas well as
another 2 cells with partial habitat datBhe mearadjusted catch in tisecells was 1.2ish/cell.
Of the habitat parameters consideremar type was st highly correlated with coho catc

Fordepth, hecatchdistributiors from the Lower River in 1984 wekeery different fromcatch
distributions in the Middle River in 138 However, afteadjusting for the effects of velogit
percent cover, and cover type there was no trend in deftbilty. Thereforedepth suitability
criteria for the Lower River wasot changed fromhat developed for the Middle RivéFigure
6.1-21).

For velocity, the catch distribution from the Lower Riire984 matchedlosely with the
suitability criteria derivedor the Middle River in 1983TheMiddle Rivervelocity criteriawere
therefore chosen as representative folLiheer River (Figures.1-22).

In relation to percent cover, the distribution of coho catch data from the Lower River in 1984
showed slightifferences from the Middle River data in 1983. However, after adjusting for the
effects of other habitat parameters, results from the two years appeared more similar. Because
the1983sample size was larger, the percent cover suitability relatiofmhipe Middle River
waschosen for use in theower River (Table.1-6).

Initial calculations of the suitability of cover type indicated that suitabilities ih.oeer Rver
in 1984were similar to thoseound inthe Middle River. However, after adjustifay theeffects
of other habitat parameters, some differences were apparent anoy ¢intype suitability forthe
Lower River was adjusted accordingly (Tabl&-6).

6.1.2.5. Pink Salmon Spawning

Utilization data were not collected for pink salmon spawning lutaries of théVliddle River

during the 1980s. Rather, Vincdrdng et al. (1984b) developed depth, velocity, and substrate
HSC for pink salmon spawning based solely on previously published information as modified by
the opinions of project biologists famar with Susitna River pink salmon stocks. As with coho

Susitna-Watana Hydroelectric Project Alaska Energy Authority
FERC Project No. 14241 Page 93 March 2013



REPORT 2012 INSTREAM FLOW PLANNING STUDY

salmon, limited information was available on pink salmon spawning habitat suitability in the
Susitna River watershed (Estes et al.1)98hereforespawning HSC developed in the Terror
Lake envionmental assessment (Wilson et al. 1981) were chosen as the basis for modification.

Because the Terror River has hydraulic and physical characteristics similar to many of the larger
clear water tributaries of the middle Susitna River, the curves developed for pink salmon depth,
velocity, and substrate spawning suitability were considaneappropriate basis for

modification by VinceniLang et al. (1984b). The depth suitability criteria curve developed for
pink salmon spawning approximated the depth suitability curve developed for the Terror Lake
system, except that the suitability index0.0 was extended from 0.1 to 0.3 ft (Fig6r&-23). It

was also assumed that depths less than 0.3 ft would not be suitable for pink salmon spawning. A
final modification was to extend the suitability index of 1.0 out to 4.0 feet based on the opinion
of field biologists that depths greater than 2.5 ft (the depth at which suitability in the Terror Lake
curves begins to decline) would not likely limit pink salmon spawning in tributaries of the

Middle Susitna River.

The velocity suitability criteria curveeveloped for pink salmon spawning generally matched the
velocity suitability curve developed for the Terror Lake system except that velocities ranging
from 2.0 to 5.0 ft/s were assigned slightly higher suitability indices (Figar24). This

modificaion was based on the opinions of project biologists that these velocities are utilized to a
greater degree by spawning pink salmon in tributaries dfitddle River.

The substrate suitability criteria curve developed for pink salmon spawning in the Oadceor
system was considered representative of substrate suitability for pink salmon spawning in the
Middle Susitna River (Figuré.1-25).

6.1.2.6. Rainbow Trout Adult

Suchanek et al. (1984b) captured a total of 143 adult rainbow trout by boat electrofishing (n=44)
and hookandline sampling (n=99) in the Middle Susitna River (Tafle 7). Adult minbow

trout captured by boat electrofishing were typicédiyndin cells with watewrelocities less than

1.5 ft/s Preferreccover types included rocks with diameteBinches and secondarily, debris

and overhanging riparian vegetatiohhe highest densities of adudtinbow troutwere found in

cells with 6 to 25% object cover and greater than 50%éct cover

Results of bok and line sampling suggested tadultrainbow trout preferred pools witthepths
greater than 2.0.ftAs with other adult resident species however, depth was only thought to limit
the distribution of adult rainbow troas a minimum. Therefore, for all adult resident species,
depth suitability was conservatively set to 1.0 for all depths greater than 0.6 ft, and to 0.0 for
depths less than 0.5 ft (Figusel-26).

Results of bok and line sampling suggested tadtltrainbow trout preferred pools with
velocities less than Off's. However, becauselectrofishing data were collected at more cells in
a wider variety of habitat types, velocty5Cwere fit to the boat electrofishing datBased on

this information, velodies between 0.05 and 1.05 ft/s were assigned a suitability of 1.0, with
decreasing suitability values up to 4.5 ft/s, which was assigned a suitability of 0.0 @-igure
27).

Hook and line sampling also suggested that adult rainbow troutebed, undeut bank, and
riparian vegetation cover more theobble or bouldecover Abundam coverwas generally
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considered important to adu#dinbowtroutdistribution. Becauseelectrofishing data were

collected at more cells in a wider variety of habitat symever typdHSC werealsofit to the

boat electrofishing dateSince the hook and line data suggested that debris, overhanging riparian
vegetation, and undercut bank cover types were nuitiade than cobble or bouldesuitability

for these cover tygs wereadjustedo the suitability of coble and boulders, which was 1.0.
Suitability indices for each cover type are presented in Tabi® and were developed for both

clear and turbidwater conditions.

6.1.2.7.  Arctic Grayling

Suchanek et al. (1984b) captdre total of 140 adult arctic grayling by boat electrofishing
(n=138) and hoolandline sampling (n=2) in the Middle Susitna River (TaBl&7). Adult

arctic graying wereoftenfound touse rocks for coveas well asigh velocity and relatively
deep weer (Suchanek et al. 1984 As with other adult resident species, however, depth was
only thought to limit the distribution of adult arctic grayliag a minimum. Therefore, for all
adult resident species, depth suitability was conservatively set tor BID depths greater than
0.6 ft, and to 0.0 for depths less than 0.5 ft (Figute28). HSC were developed by fitting catch
distributions to values of observedlocity (Figure6.1-29) and cover typeArctic graylingwere
thought toavoid high turhility waters and makettie use of turbidity for coverSuitability
indices for each cover type are presented in Tall8 and were developed for both cleand
turbid-water conditions.

6.1.2.8. Round Whitefish

Round whitefish HSC curves were developed for adults and juvenile rearing in the Middle River
(Suchanek et al. 1984b). The basis for the curves developed for each lifis pragaled
below.

6.1.2.8.1.  Adult

Suchanek et al. (1984b) captured a total of 138 adutttdrevhitefish by boat electrofishing in

the Middle Susitna River (Tab&1-7). As with other adult resident species considered, depth
was only thought to limit the distribution of adult round whitefish as a minimum. Therefore, for
all adult resident spées, depth suitability was conservatively set to 1.0 for all depths greater
than 0.6 ft, and to 0.0 for depths less than 0.5 ft (Fi§ur80).

HSC for velocity (Figuré.1-31) and cover type were developed by fitting suitability values to
catchdistribuions. Velocity did not appear to have a strong effect on distribygtthough
observations most frequently occurred at velocitiestof2ft/s. Distribution ofadultround
whitefish was influenced by turbiditpresumably as a use of cov&ound whitefish also used
object covermost frequentlyn theform of cobble or boulders, debris, and overhanging riparian
vegetation Suitability indices for each cover type are presented in T8 and were

developed for both cleaand turbidwater condions.

6.1.2.8.2.  Juvenile Rearing

Suchanek et al. (1984b) found thatiidity hada significant (p< 0.01) effect on the relative
abundance of juvenile round whitefish. Catch rates in water with turbidity less than 30 NTU
were extremely low.The total catch (n=5§®f round whitefish by beach seines in turbid
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(greater than 30 NTU) water was predominantly comprised of age 0+ juveniles. Mean catches
by velocity, depth and percent cover suggested that velocity had the greatest effect on
distribution. Juvenile roundhitefish showed a strong preference for water without a significant
velocity. Catches in cells with little object cover were higher than in cells with large amounts of
cover, suggesting that object cover is not major determinant of habitat use. Hdeeaese

beach seining efficiency was greatly reduced by the amount and type of cover present, catch
distributions by cover type were not presented. For round whitefish fry, shallow depths were
found to be most suitable.

Round whitefish were the only junige resident species for which Suchanek et al. (1984b)
captured sufficient numbers to develop HSC. HSC Wiete the catch distributions for both
depth(Figure6.1-32) and velocity(Figure6.1-33) by hand using professional judgment.
Suitability for wurbid water for all cover types was set to 1.0 and suitability for all cover types in
clear water was set to O(Dable6.1-8).

6.1.2.9. Longnose Sucker Adult

Suchanek et al. (1984b) captured a total of 157 adult longnose sucker by boat electrofishing in
the Middle Susitna River (Tab&1-7). As with other adult resident species, depth was only
thought to limit the distribution of adult longnose suckeml miaimum. Therefore, for all adult
resident species, depth suitability was conservatively set to 1.0 for all depths greater than 0.6 ft,
and to 0.0 for depths less than 0.5 ft (Fighife34). Adult longnose sucker HSC were

developed forelocity (Figure6.1-35) and cover typéy fitting observed @tributions of catch.

Adult longnose suckers were often found to use turbid water for,dowealso emergent or

aguatic vegetation, debyisnd overhangingparian vegetationJuchanek et al. 1984 Shallow
depths and waters of lovelocity werefound to bemost suitable Suitability indices for each

cover type are presented in Tabl&-8 and were developed for both cleand turbidwater
conditions.

6.1.2.10. Burbot Adult

Suchanek et al. (1984b) captured a tofd8 adult burbot by boat electrofishing in the Middle
Susitna River (Tablé.1-7). Other atch datdrom the 1980s consistently documented adult
burbotin the mainstem during the sumn{&DF&G 1983), suggesting thegrefer areas of
moderate to high tbidities (Suchanek et al. 1983 Telemetry data also fouralirbot
consistentlyin the mainstemWhile in these mainstem areas, radio tagged burbot appeared to
preferlow velocities €1.5 ft/s) and shallow depths (approximately £ Burbotalso appared

to prefer areas witemall cobble (referred to as rubble) or lacgbble(referred to as simply
cobble)substratehowever, nearly all of the mainstem river betweenGhalitna River

confluence and DewsICanyon, where the radio tagged fisare foundhadpredominatelysmall

or largecobble substrateBurbot catches were insufficient to develop HSC for this species.

6.2. Other Relevant HSC Curve Sets

While the HSC curves developed for the Susitna River during the 1980s represent the most site
specific information available for the Susitidlatana IFS, reviewing other curve sets offers a
comparative means for evaluating similarities and differences for a given species and life stage.
VincentLang et al. (1984a, 1984b) and Suchanek et al. (1984&)wed other curve sets
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available at the time and some of the resulting comparisons are described Aétbianal

HSC data were compiled, reviewed and compared with the 1980s data as part of this evaluation.
Given the scope of curve sets already dewed for he Susitna River, theomparisonsvere

limited to information from Alaska studies

6.2.1.  Study Descriptions

Baldrige (1981)yeveloped HSC curve sets for the Terror and Kizhuyak rileated on the
northern end of Kodiak Island, Alaskahese curve were also reviewed by researchers for the
SuHydro instream flow study of the 1980s, using an alternate reference citation (Wilson et al.
1981). Fish species present in the Terror and Kizhuyak basins include pink, chum, and coho
salmon, and Dolly VardenThe Terror River basin drains a 48Quare mile area and average
annual flow is 224 cfs. The river valley is broadshhped, and supports abundant vegetation.
TheKizhuyak River basin drains approximately 54 square miles and monthly flows average
between 24 and 370 cfs. Study reaches were located in the lower and middle reaches of the
Kizhuyak River. Channel form consists of a broad, flat floodplain, leading into an intertidal
delta system. Preliminary curves were forrfredn available literaturéor the Kodiak Island

area. Field data collected from March through October of 1980 were used to refine the
preliminary curve sets. Point measurements of depth, velocity, substrate, and temperature were
made at each fish location. HSC curves for deglgcity, and substrate were produced for
spawning pink, chum, and coho salmon and Dolly Varden. Insufficient fieddwveaé collected

for development of sitgpecific curves for coho and Dolly Varden spawning. A total of 815
observations were made foink spawning, 121 for chum spawning, 752 for coho fry, 199 for
coho juvenile, 460 for Dolly Varden fry, and 344 for Dolly Varden juvenile.

Lyons and Nadeau (1985) developed HSC curve sets for the Wilson River and Tunnel Creek,
which are located in theouthcentral part of the Misty Fjords National Monument, about 50

miles east of Ketchikan, Alaska. Both streams have steep topography, high drainage density,
shallow, porous and wetirained soils and large areas of exposed bedrock. These conditions
reul t in a Aflashyo basin hydrology. Field sa
1984. The Wilson River watershed encompasses 116 square miles while the Tunnel Creek
watershed encompasses 9.9 square miles. The average annual dischargefts ih, 888 c

Wilson River and 68 cfs in Tunnel Creek. Pink and chum salmon are the most abundant fish
species present, though coho, Chinook, and sockeye salmon, steelhead, and Dolly Varden are
also present. Habitat data were collected for pink and chunosalivhile a large number of
measurements were made for pink salmon spawning, actual sample sizes are not reported. Depth
and velocity measurements were made for 27 spawning chum salmon. HSC curves for Chinook
and coho spawning, incubation, fry, and joNes were based solely on pegisting depth and

velocity curves.

Estes and Kuntz (1986) collected habitat utilization data for rearing juvenile Chinook salmon in
selected bankype habitats of the Kenai River from the mouth to the outlet of Skilak LRké&

indicated that depth, velocity, and cover could be used to assess the usability of habitat for

juvenile Chinook. Velocity and cover appeared to be the most important in determining habitat
usability, though a set dallthfesvhabitgt patameteys. f act or s

More recently, PLP (2011) has developed HSC curves for several species inhabiting the North
and South Fork Koktuli rivers (Nushugak River tributaries) and Upper Talarik Creek (a Lake
liamna/Kvichak River tributary). HSC cwes were developed using a combination of literature
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information and curve sets from other studies, as well as through collecting and analyzing site
specific data for various target species and life stages. The collectionsgesiiéic data

focused orcollecting data related to spawning and juvenile rearing habitat use for salmon, and
adult rearing habitat use for resident salmonids. HSC data collected included microhabitat data
(depth, velocity, and substrate) over redds and at observed locatjamsrofe and adult habitat

use from 2005 to 2008. HSC curves included the following species (and life stages): sockeye
salmon (spawning and juvenile), Chinook salmon (spawning and juvenile), coho salmon
(spawning and juvenile), and arctic grayling (adult)

6.2.2. HSC Data Set Comparisons

VincentLang et al. (1984a) compared some of their findingk information available in the
literature. For chum salmon spawningilization data collected within the Susitna River
drainageweresimilar to the ranges summaett inaliterature survey by Halgl981). While

Hale (1981) dichot develop criteria curvas which specific comparisons could be matie,
importance of upwelling groundwater to chwas emphasized which supported bieary

criteria developed for upwlaig by VincentLang et al. (1984a)Wilson et al. (1981) developed
suitability curves for chum salmon spawnih@t generally fell within the range of the Susitna
Basin curves, lthoughsome differences were found. Differences between these curve sets are
illustrated for depth (Figuré.1-1) and velocity (Figuré.1-2). For example, the chum salmon
velocity suitability curves developed for the Susitna River indicate a peak suitabitiydh

slower waters than do tiWilson et al. (1981) curves, althoudtetupper limits of the two
curvesonly differed by 0.5t/s. VincentLang et al. (1984a) suggehbid difference may be
attributed to the fact that upwelling was not taken into addoyVilson et al. (1981)The

substrate suitability curves for chum salmon spawning for the two studies were similar, although
the Susitna River curve had a slightly wider range.

VincentLang et al. (1984a) also reviewaddrmation related to sockegalmon spawning

criteria summarized in a literature review by the U.S. Fish and Wildlife Service (USFWS 1983).
The ranges of depth, velocity, and substrate conditions observed by Miacenéet al. (1984a)

in sloughs and side channels of the middle 8adRiver were within the ranges outlined in the
USFWS review.However, preference or suitability curves were not developed, limiting the
value of these comparison€urves developed for the North/South Fork Koktuli rivers and

Upper Talarik Creek (PLP 2@) were generally similaptthosedeveloped for the Susitna River
(Figure6.1-7). However, the velocity curves were considerably different (Figdr8); optimal
velocities were much slower for the Susitna River curves. This difference may be elheed t
importance of upwelling for sockeye spawning in the Susitna River. Curves for substrate had
similar optimal values, though a broader range of substrate size classes were deemed suitable for
the Susitna River curve (Figuéel-9). For juvenile sockes, the PLP (2011) curves were

slightly different, showing higher suitability at greater depths (Figurel1), and slower

velocities (Figures.1-12).

For Chinook spawning, the depth curve developed by Vircang et al. (1984b) for the Susitna
River shaved a slightly higher suitability for greater depths compared to the Wilson
River/Tunnel Creek curve (Lyons and Nadeau 1985) (Figurd3). However, the depth curve
for the North/South Fork Koktuli rivers and Upper Talarik Creek (PLP 2011) showed higher
suitability for greater depths. Spawning velocity curves (Figurd4) showed similar
deviations, with higher suitability for greater velocities compared to the North/South Fork
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Koktuli rivers and Upper Talarik Creek curve (PLP 2011), and lower slitiyaor slower
velocities compared to the Wilson River/Tunnel Creek curve (Lyons and Nadeau 1985).
Substrate suitability was generally similar (Figare-15) for the Susitna River curve and the
North/South Fork Koktuli rivers and Upper Talarik Creek PP2011); the slight differences may
be a function of standardizing the different substrate classifications used in each study.

The Susitna River depth curves develofirduvenile Chinook salmohy Suchanek et al.

(19844, 1985) showed a dramatic different suitability between the Middle and Lower River
and under turbidand cleatwater conditions.Suchanek et al. (1984a) also reviewed depth
criteria developed in other systems, noting that they varied significantly from the Susitna River
curves in whicloptimum depths were 1.0 to 1.5 ft in clear water and less than 0.5 ft in turbid
water. A depth probabilityof-use curve describddom Bovee (1978) showed an optimum range
from 1.2 to 3.0 ft, while described from Delaney and Wadman (1979) suggestranropif 2.5

to 3.2 ft. Findings from Burger et al. (198&¢re reviewed in which Chinook fry were observed
in pools to ten ft deep and depths of less than 0.2 ft were thought to be avidiegdvenile
Chinook depth curves for thi¢orth/South Fork Koktuli rivers and Upper Talarik Creek (PLP
2011) and the Wilson River/Tunnel Creek (Lyons and Nadeau b@@syenerally fall in

between the two Susitna River curves (Figufel6). The depth curve for the Kenai River, in
contrast, isearly identical to the Lower Susitna River turldter curve.

The various velocity curves for juvenile Chinook are generally similar, showing a decrease in
suitability beyond an optimum of roughly 0.7 ft/s (Figér&-17). Suchanek et al. (1984a)

reviewed information from Bovee (1978) and Burger et al. (1982), indicating a probability of
velocity utilization that was almost identical with the curve developed for clear water of the
Susitna River with the peaks at approximately 0.2 to 0.6 ft/sec. Mitnap&Zhinookcatch data

from the Little Susitna River was also compared (Delaney and Wadman 1979), and suggested an
optimum velocity for juvenil&Chinook salmon from approximately 0.3 to 0.6 ft /sec, with little

use of velocities greater than 1.8 ft /s.

While coho spawning HSC data were not collected by Vintang et al. (1984b), the literature
based curves for the Susitna River are generally in agreement with other studies. Suitability
reached an optimum anly a slightly greater depth (1.1 fjr the North/South Fork Koktuli

rivers and Upper Talarik Creek (PLP 2011) compared to that chosen for the Susitna River
(Figure6.1-18). Coho spawning velocity suitability was generally the same for all curves
considered (Figur6.1-19). However, optimal subyates were largeof the North/South Fork
Koktuli rivers and Upper Talarik Creaurve(PLP 201) (Figure6.1-20).

For juvenile coho, Suchanek et al. (1984a) reviewed other studies in compatis®isusitna

River. On the Terror and Kizhuyak rivergrfexample, optimum depths for coho fry were cited
as from near 0.0 ft to 1.0 ft and then declining rapidly to zero at 2.5 ft (Baldrige 1981).
Suchanek et al. (1984a) also cited data from Bovee (1978) indicating very little use until 1.0 ft in
depth withan optimum at 2.0 ft and a gradual decline to zero use at 3@tfie Susitna River,
Suchanek et al. (1984a) reported an apparent optimum suitability at approximately 1.6 to 2.0 ft
with limited data above this deptiBased on these conflicting obsetieas, Suchanek et al.

(1984a) concluded that depth suitability may vary greatly from river to river for unknown
reasons, but also suggested that the importance of depth may be highly correlated with other
habitat parametersThus, the selected depth carfor juvenile coho was fairly inclusi&igure
6.1-21).

Susitna-Watana Hydroelectric Project Alaska Energy Authority
FERC Project No. 14241 Page 99 March 2013



REPORT 2012 INSTREAM FLOW PLANNING STUDY

Suchanek et al. (1984a) also reviewed other sources of information regarding juvenile coho
depth suitability, concluding th#éte optimum velocities derived for coho in the Susitna River
were very Bnilar to velocity criteria developed for coho in other streaifisis is also generally
consistent with the velocity suitabilities plotted in Figarg22.

6.3. Susitna-Watana HSC Studies
6.3.1. 2012 HSC Studies

Just like the StHydro 1980s studies e of the major componentssociated witikompletion
of the SusitnaWatanaFS will bethedevelopment andelection of species and life stag8Ei
curves. This work was initiated in 2012 and will be continued in 2Q034. The 2012 studies
were conductedver a three month period extending from July to Septenf®esults of the
2012 surveys are presented below.

Importantly, there were no significant deviations or required revisions to the Final 2012 Instream
Flow Planning Study (March 20, 2012) relatedhe 2012 HSC data collection effort. The only
exception was the expansion of the proposed sampling area to include a portion of the Lower
River Segment (RM 95.4 to RM 77.0). HSC sampling within the lower river segment was added
when it became evidettiat IFS studies sites were being proposed for that area. As such, results
of 2012 HSC surveys are reported for both the Lower and Middle River segments of the Susitna
River. There were no changes to the timing or sampling methods proposed and atilized i
response to expansion of the 2012 sampling area.

6.3.1.1. Mainstem Susitna River Flow and Temperature i 2012

Discharge data for the Susitna Ridering the 2012 data collection periads obtained from

the USGSGold Creek Station (USGS #15292000), located apprairly 15 miles upstream of
Curry, Alaska(http://water.usgs.gov/). From 17 July to 19 September 2012, daily discharge
averaged 18,06ubic feet persecond (cfsnd ranged from a high of 29,600 cfs on 23 July to a
low of 10,200 cfs on 14 September (fig6.3-1).

Mainstem water temperature during this time period as reported at the Whiskers Creek
monitoring station ranged from a high of 16°C to a low of 5°C during the HSC sampling period
of mid-July to midSeptember, 2012(Figue3-2).

6.3.1.2.  Preliminary Selection of Target Species and Life Stages

For the 2012 HSC sampling effoat preliminary list otarget fish specie®r samplingincluded
Chinook, coho, chum, arabckeye salmgmainbow trout arctic grayling Dolly Varden burbot
longnose suckehumpbak whitefish and round whitefishThesespeciesare generally
considered the most sensitive to habitat loss throwahipulation of flows in the Susitna River.
Other species and life stages will be considered in collaboration with the TWG.

6.3.1.3.  Study Site Selection

The2012collection ofmicrohabitat use data focedon mainstem, side channsigeslough
and tributary delthabitat areas identified as having the highest abundance/use during the 1980s
surveys (Tabl®.3-1). This informationwasused to dine the relative proportion of speciasd
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life stages that utilize macro habitat types and the selection and use of species and life stage
specific microhabitat characteristics. The focus of20#E2HSC curve samplingzason the

upper portion of the bwer River £gment and thMiddle River Segmentfrom the cafluence

with Montana Creek upstream to near the proposed Watana Dam site

The selection of study sites for the 2012 collection of HSC microhabitaivdatzased on
several factorscluding:

A The dstribution ofthemost highly utilized macrohabitat types (main chansiele
slough, side channel, tributadgltg by fish species and life stage

A Having good spatial representation of sampling sites within a segment;

A Location ofthesampling siteso proposed flow routing aniFS Focus Areagsee Section
3);

A Prevailing fow conditions/visibility; and
A Accessibility and safe sampling conditions.

Table6.3-1 provides ssummary of thepecies and life stages, mdtabitat typesstudy sites,
potentialsampling techniques, and proposaanpling timing thatvas applied duringhe 2012
effort.

6.3.1.4. Field Data Collection

The 2012 HSGield effort focused primarily on collecting field measuremesrmf microhabitat
useby different species and life stages. Thdg& were then uséd developpreliminarysite-
specific HSC curesfor comparison withthe HSC curves develedduring thel98Gs studies.

Specific objectivesf the 2012 field effort werto:

A ProvideHSC data collectiotrainingto field personnel fromtber AEA contractors
involved in fish studieto ensure uniformity in data collection efforts;

A Collect microhabitat utilization data for selected target fish species and life stages;

A Recorddifferentmacro and mesmbitat typesutilized by the differenfishspecies and
life stages;

A Recommend additional/new data collectieohniques to be useftiring the 2013/2014
HSC data collection efforts

The 2012 HSGield effort consisted of three separate sampling events completed during July
17119, August 2123, ard September 1719. During 2012 sampling, sigpecific habitat data

were collected at 22 Middle River Segment sites located in tributary deltas, main channel, side
channeland side slough macrohabitéistween RM 178.0 and RM 101(Bable6.3-2). In the

Lower River Segment, 11 sites were sampledributary deltasside channel and side slough
habitats between RM 95.4 and RM 77Talfle6.3-2). Site-specific observations were obtained
using visual means in clear water areas using snorkel and pedestrian surveys and pole/beach
seining methods in turbid water areas. Specific sampling methods utilized for each of these
methods is provided in sulzggent sections.
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6.3.1.4.1. HSC Field Data Collection Training

To ensure consistent HSC data collection between field crews, field training sessions were held
with crew leadersrom HDR (James Brady, HDR Alaska) ah&L (Sean Burril LGL Alaska)

on July 17and19, 2.2, respectively. Prior to the training sessions, standardized data collection
forms were developed and distributed to representatives from each firm for review and comment.
During the training sessions, field personnel from each firm reviewed theadlataion forms,
equipment needs, sampling techniques, definition of terms, quality control checks, and data
storage and management procedures. HSC data collection efforts conducted by both LGL and
HDR were to be focused on macro and microhabitat uspdwrsng anadromous (LGL) and

resident fish species only. Data collection efforts by LGL were to beddoon the Nidle

River Segment, while HDR wdscusdtheir efforts on th&Jpper River Segment

6.3.1.4.2.  Spawning/Redd Surveys

The timing and location of spamg/redd surveys wasased in part on the periodicity data
developed from the 1980s dats well agrom information obtained during radio telemetry
surveys conducted as part of fisheries studies (LGL 2012 Interim Draft Repbig)
information wasusedto helpidentify sampling timing and@reas with the highest concentration
of spawning activity for theife salmon species (sockeye, coho, Chinook, pink, and chum
salmon).

Although several different methods were used to identify the presence of spawsiming f
(biotelemetry, pedestrian survey, and snorkel surveys), once an actively spawning fish or newly
constructed redd was identifigdthe field(Figure6.3-3), the following measurements were

made:

A Location of sample area on highsolution aerial photogphs and/or GPS location for
individual or groups of measurements

Species of fish occupying the redd or responsible for construction
Redd dimensions (length and width in feet to nearest 0.1 ft)
Water depth at upstream end of the redd (nearest Qukifty a top setting rod

> > > >

Mean water column velocity (feet per second to nearestfpgdausing a Swoffecurrent
meter

>

Substrate size (dominant, sdbminant, and percent dominant) characterized in
accordance with a Wentworth grain size scale modified teateinglish units (Table
6.3-3)

A Water temperature (to nearest 0.1 degree Celsius)

A Indications of the presence of groundwater upwelling (changes in water clarity,
temperature, or visible upwelling)

A Turbidity (using a portable turbidity me)eior each group of redds or in mainstem
habitat areas with relatively large concentrations of spawnindthghinformationto be
used for comparison to measurementsle during the 1980s survey)
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6.3.1.4.3.  Snorkel Survey/Fish Observations

Snorkel surveys were conductieg a team of two or three fish biologists with extensive
experience in salmonid species identification. These surveys were conducted in conjunction
with adult spawner surveys at those areas identified in Babie

Prior to each survey, a Secchi dislading wasaken to determine the visibility corridtor
sampling. For this, a Secchi disk wesdd underwater by the data recorder, and a tape measure
extended by the snorkeler from the&hi disk outward to a point where the disk is no longer
clearlyvisible (Figure6.3-4). As a general rulewhen visibility conditions werkess than four

feet, no underwater samplimgcured Water temperature was alsecorded at the beginning of
each survey.

Starting at the lower/downstream point within a gtaeka, the snorkelers procestin an
upstream direction making observations of all microhabitat types within their line of sight
(Figure6.3-5). The following informatiorwas recorded for each observation

A Location of sample sites or areas marked on-hégblution aerial photographs and/or
GPS location recorded for individual or groups of measurements

Fish species observed

Assumed life stage (adult, juvenile, or fry)

Total fish length(estimatednm)

Number of fish observed

Mesohabitat type

Water depth (neast 0.1 ft) using a top setting rod
Location in water column (distance from the bottom)

> > > > > > D> D>

Focal point(location fish observed in the water colunamd mean column velocity (feet
per second to nearest 0.05 fps) measured using a calibrated Swoffer current mete

>\

Substrate size (dominant, sdbminant, and percent dominant) characterized in
accordance with a Wentworth grain size scale modified to reflect English Tialitke (
6.3-3)

A Proximity/affinity to habitat structure/cover features (e.g., boulder, wood debris, aquatic
vegetation, undercut bank, and overhanging vegetation)

A Relevant comments pertaining to coassociations and/or behavioral characteristics of
the fish observed

All data wererecorded on waterproof data sheets to ensure consistent dattiaobetween
surveys.Only fish hdding over a fixed position welacluded in the micrioabitat survey.

Moving fish were noenumerated in order to minimize inaccurate habitat measurements, and to
prevent doublecounting of fish.

6.3.1.4.4. Pole/Beach Seining

Pole seining was used in turbid water areas of alhstam habitat types that could et
sampled with underwer techniques due to visibility limitations. Paleinesused in this effort
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were4 feet in depth and 40 feet in length, 3it6h mesh (nebody) with a 1/8nch mesh net
bag. The polseinewasoperatedvith one person on each paadthe net wa woked throwgh
the sample area in anstpeamdirection (Figures.3-6). The seine contains a collection bag in
themiddleto collectfish as they are directed into the net

An attempt wasnade to sample fish from relatively small areas ofaxmately 15 fet by 15
feetwith consistent depths, velocities, and substrates; however, exact sdienandions were
sometimes changedo facilitate sampling larger areas of relatively uniform haloitathen fish
densities were expected tolba. The aredlengthand width) of each sampled area was
recorded on the field form

Once captured, fish weréentified to species, counted, and reledsatdose proximity to the
capture site (Figur.3-7). Foreacharea sampled, data collection was similar to ¢odected
during snorkel surveys with the exception of fish distance from the bottom and focal velocity.
Because no direct observation of the position of the fish in the water column can be made in
turbid water, fish psition and focal velocity couldot be recorded; a single depth and velocity
measurement wdhkereforerecorded at a location with representative characteridtite@rea
seined. All data wereecorded on waterproof data shed®epresentative digital photographs
were taken of differennacro and meswmbitat types where fish of differespecies and size
classes werebserved.

6.3.1.5. Data Analysis

Prior to computation of HSCQueves, the microhabitat data wenetered into commercially

available spreadsheets and subsequently checked for dgta@ntracy (QC 2)Any necessary
edits or corrections were then made to the database and checked by a senior staff member for
completeness (QC3¥requency distributions were then generated for mean velocity, depth, and
substrate type for each speci€sequency bin widths of 0.2 were initially used to evaluate the
mean velocity and depth utilization distributions. Histogram plots of depth and mean column
velocity utilization were then produced for each species and life stage for which field
observatios were recordedA subset oHSC curves developed from the 2012 data wben
compared with HSC curve sets produced in the 1980s to see if patternsvefeisenilar HSC

data collected by LGL for spawning fish/redds was reviewed for accuracy amgarated into

the larger data setNo HSC data weneeceivedrom HDR.

6.3.1.6. Results

A total of 284 observations of sigecific habitat use were recorded during 2012 HSC surveys
of the lower and middle segments of the Susitna Rikabitat measurementgere obtained for
four different life history stages (spawning, @gmile, fry, and adult) and nirdfferent fish
species including Chinook, sockeye, chum, coho, and pink salmon; rainbow trout; Arctic
grayling; humpback whitefish, and longnose sucker prgsiously described, microhabitat
observations wereoncentrated in the Lower and Middle/& segmergof the Susitna River in
macrohabitat types where significant numbers of fish had been observed during the 1980s
studies. Figuré.3-8 displays the raitive location of the 2012 HSC observations collected by
both R2 and LGL. Spawning HSC observatiamse predominately made in the Middle River
Segment with only 17 of the 1T@dd observations made in the Lower Riveg®ent. The
number of HSC observatis for the adult, juvenile, and fry life stages welé &orly equally

Susitna-Watana Hydroelectric Project Alaska Energy Authority
FERC Project No. 14241 Page 104 March 2013



REPORT 2012 INSTREAM FLOW PLANNING STUDY

between the Lower andildle Rver segments with 69 observations in the lower river and 98 in
the middle river. A summary of results of the 2012 HSC data collection are preseloteddy
each of the eight species mentioned above.

6.3.1.6.1. Chinook Salmon

In 2012,no Chinook salmon were found spawg in the mainstem Susitna River (Talol&-4).
Radio telemetry surveys conducted by LGL indicated that adultoGkiwere holding in the
mainchannel of thé&usitna River, but there was no evidence that any of the 3§2ddigh
spawned in the main chanrfelGL 2012). A total of 11 Chinook juvenile and 31 Chinook fry
microhabitat measuremeswere recorded, with nearly half (42.8%) of the t@hinook rearing
observations occurring in side channel macrohabitat areas @atg Side slough and
tributary celta habitats had nearly equmlmbers of observations with 12 and 11, respectively
(Table6.3-5). Half of the Chinook salmon rearingsssvations occurred during the August 21
23 sampling effort. Thirgpne percent were made during the sdidy sampling and the
remaning nineteen percent occurrddring the midSeptember sampling (Tale3-6).

Microhabitat depth measurementgasfinookfry utilization ranged from 0.9 feet with the
highest frequency occurring at a depth of 1.1 feet (Fi§u&8). For velocity, fry utilization

ranged from 0.41.7 feet per second (fps) with the highest frequency occurring at a velocity of
0.1 fps (Figire6.3-9). Chinook juvenile were most frequently observed in slightly deeper water
with depths ranging from 0-8.1 feet with peak utilization occurring at a depth of 1.5 feet
(Figure6.3-10). The range of observed velocity utilized by Chinook juvends also higher at
0.1-1.9 fps with the highest frequency occurring at velocities of 0.1 fps and 0.9 fps (E:Bure
10). Although substrate utilization for both the fry and juvenile life stages of Chinook were
greatest fofifineso particle sizes (Tabl6.3-3), some utilization was observed at nearly every
substrate size (Figus®.3-9 and6.3-10).

6.3.1.6.2.  Sockeye Salmon

All of the 43 observations of sockeye spawning in the mainstem Susitnanireefound in the
Middle River gment in side slough macrohabit@table6.3-4). Only six sockeye fry

microhabitat measurement were recorded, with all but one of the observations occurring in side
channel macrohabitat areas (TaBl@5). Asexpected, no juvenile sockeye were observed

during the HSC surveys as outmitioa in the Susitna River occushortly after fry emergence
(Table6.3-7 periodicitytable). Although ackeye spawning was observed during all three of the
HSC surveys, the largest number of redd measurements occurred during-Bepteichber
sampling. All of the sockeye fry observations occurred during the-Aidust sampling (Table
6.3-6).

Sockeye spawning depth utilization ranged from2)¥feet with the highest frequency

occurring at 1.3 feet (Figu@3-11). For velocity, spawning utilizationmged from 0.11.5 fps

with the highest frequency occurring at a velocity of 0.1 fps (Fi§i&41). The low velocity

utilized by spawning sockeye is not surprising since all observations were made in side slough
macrohabitat areas with low mean columtoegies. Substrate utilization ranged from sand to

small cobble with the highest frequency occurring in areas with medium gravel substrates (Table
6.3-3 and Figures.3-11). Water depths associated with the six sockeyeainged from 0.-1.7

feet (Figue 6.3-12), whereas the range of water velocities Wiraged to 0.1-0.9 fps (Figures.3-
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12). Substrate utilization for sockeye fry was equally split between sand and small gravel
(Figure6.3-12).

6.3.1.6.3. Pink Salmon

Spawning pinksalmon(n=17)were found in botlhe Lower and Middle Rer segments with

the largest number of observatidns14)occurring in tributary delta macrohabitats (Tabl@

4). No fry or juvenile pink salmon life stages were observed during the 2012 HSC surveys. The
absence of observationgrearing pink salmon is probably duethe early outmigration of

young fish pior to midAugust when the first 2012 HSC survey occurred (Téak3e/

periodicity table). All of the pink salmon spawning observations occurred during the mid
August samphg (Table6.3-6).

Pink salmon spawning depth utilization ranged fromI%feet with the highest frequency
occurring at 1.7 feet (Figu&3-13). For velocity, spawning utilization ranged from-@.3. fps

with the highest frequency occurring at a velparf 2.5 fps (Figuré.3-11). The relatively high
range of velocities utilized by spawning pink salmon is not surprising since most (14 of 17) of
the observations were made in tributary delta macrohabitat areas which generally have higher
mean column velkitiesthan sloughs Substrate utilization ranged from small gravel to small
cobble with the highest frequency occurring in areas with large gravel subshiaiéss(3-3

and Figures.3-13).

6.3.1.6.4. Chum Salmon

Observations of chum salmon spawning were widdiributed in both the lower and middle
Susitna river segments with the largest number of observatigA8)(occurring in side sloing
macrohabitats areas of the Middle RivegBient (Tabl®.3-4). Overall, chum spawning HSC
measurements were collectedsix different side sloughs, two tributary deltas (n=4), and one
side channel (n=10) macrohabitat area. Eight chum salmon fry and no juvenile chum were
observed during the 2012 HSC surveys. Observations of chum fry were nearly equally split
between sidehannel, side slough, and tributary delta macrohabitat types. Chum salmon
spawning was observed during both the-iidjust and mieSeptember 2012 HSC samplings
(Table6.3-6).

Depth utilization by spawning chum salmon ranged frorrd033feet with the higest frequency
occurring at 0.7 feet (Figu@3-14). For velocity, spawning utilization ranged from-@.5 fps
with the highest frequency occurring at the lowest measured velocity of 0.1 fps (ERyark.

Like spawning sockeye salmon, the low vdlies utilized by spawning chum is a result of most
of the microhabitat use observations being made in side slough macrohabitat areas which
generally have low mean column velociti€ubstrate utilization ranged from fines to small
cobble with the highestequency occurring in areas with large gravel substratsl€¢6.3-3

and Figures.3-14). For chum fry, water depthtilization ranged from 0-8.7 feet (Figuré.3-

15). Water velocity utilization ranged from 0113 fps with the highest frequency oatng at

0.1 fps (Figures.3-15). Substrate utilization for chum fry ranged from fines to large cobble with
the highest frequency of use found in areas with fine sediment (Fgi&).
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6.3.1.6.5. Coho Salmon

Like Chinook,there wasio coho salmon spawning obsennedhe mainstem Susitna River

during the 2012 HSC surveys (Tabl&-4). Although a total of 184 adult coho salmon were

radio tagged and their movement tracked as part ofte@tult salmon distribution study, there

was no evidence opawning activity n the main channel of thever (LGL 2012). A total of 19
juvenile and 53 coho fry microhabitat measurements were recorded 6Tab)le Coho fry
observations were nearly equally split with 24 measurements made in side slough habitats and 20
measuremestn tributary delta macrohabitat areas (Ta®l@5). For juvenile coho, side slough

and tritutary delta habitats had equmimlers of observations with eigbbservations in each
(Table6.3-5). The remaining three observations were made in side slough macrohabitats. Over
98 percent of the coho salmon rearing observations occurred during tdelgnahd mid

August sampling effort, with only one observation made during theSepdember samiplg
(Table6.3-6).

Microhabitat depth measurements for coho fry utilization ranged frof8.Q.8et with the

highest frequency occurring at a depth of 0.9 feet (Fi§u&46). For velocity, fry utilization

ranged from 0.41.7 feet per second (fps) withe highest frequency occurring at a velocity of

0.1 fps (Figures.3-16). Cohojuvenile were most frequently observed in slightly deeper water

with depths ranging from 0:8.1 feet with peak utilization occurring at a depth of 1.3 feet
(Figure6.3-17). The range of observed velocity utilized by coho juvenile was slightly lower

than for fry at 0.41.3 fps with the highest frequency occurring at velocities of 0.1 fps (Figure
6.3-17). Although substrate utilization for both the fry and juvenile life stajesho occurred

over a wide range of particle sizes, the frequency of use by both life stages has the highest for the
fines substrate size (FiguBe3-17).

6.3.1.6.6.  Arctic Grayling

Observations of arctic grayling were limited to the adult, juvenile and fry &fgestas no

grayling spawning was observed. Although arctic grayling were observed in all four
macrohabitat types, only two of the 19 total observations were made in main channel
macrohabitat areas (Tal®e3-5). Arctic grayling obsevations were made imoth the Lower and
Middle River segments. Eight of the 19 arctic grayling observations were for the adult life stage
and ten for the fry life stage (Tal®3-5). No juvenile arctic grayling were observed during the
2012 HSC surveys. Arctic grayling mahabitat use observations wenade during all three
samplingefforts (Table6.3-6).

Depth utilization by adult grayling ranged from B3 feet with the highest frequency occurring
at 1.5 feet (Figuré.3-18). For velocity, adult utilization ranged fro0.1-3.9 fps with the

highest frequency occurring at the lowest measured velocity of 0.1 fps (Bigtt8). Substrate
utilization was limited to small and large cobble (Figbu&18). Only one observation was

made for the juvdte life stage; épth was 1.1 feet and velocity was 0.3 {jpsgures6.3-19 and
6.3-20). For grayling fry, water deptttilization ranged fron®.5-1.7 feet(Figure6.3-20).

Water velocity utilization ranged from Q117 fps with the highest frequency occurring at 0.1 fps
(Figure6.3-20). Substrate utilization for grayling fry ranged from fines to large cobble with the
highest frequency of use found in areas with fine sediment (FégBHz0).
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6.3.1.6.7. Rainbow Trout, Humpback Whitefish, and Longnhose Sucker

A combined total o0 HSC measurements were made foraotherthree speciesf fish
sampledduring the surveysainbow trout, humpback whitefish, and longnose sucker (TaBle
5). The lowest number of microhabitat measunmetm&vas for longnose sucker with only two
observations. No spawning observations were made for any of the three species.- Seventy
percent of the observations for these species occurred in side channel and tributary delta
macrohabitats (Table 3-5). Noneof the three species were detected during sampling iof ma
channel macrohabitat areas.

Adult rainbow trout and juvenile humpback whitefish were the only species and life stage
combinations with multiple HSC observations and so only those results anetedesere.For

rainbow trout adult, depth utilization ranged from-8.2 feetandvelocity utilization range

from 0.2:1.5 fps(Figure6.3-21). Substrate utilization ranged from small cobble to boulder
(Figure6.3-21). For juvenile humpback whitefisdepth utilization ranged from 1.5 feet
andvelocity utilization ranged from 0-1.1 fps (Figures.3-22). Substrate utilization for juvenile
whitefish ranged from fines to large cobble with the highest frequency of use found in areas with
fine sedimen(Figure6.3-22).

6.3.1.7. Recommendations for 2013 HSC Surveys

This TM summarizd relevant information from the 198@+Hydro studies and presesd
preliminary results of the 2012 HSC surve®ne of the goals of the 2012 HSC surveys was to
evaluate the timingnd distribution of HSC sampling efforts and the methods used for detecting
and measuring microhabitat use by different species and life stages of fish. The following are
preliminary recommendatiommsed on results of the 2012 surveys that are desigriesdp

refine the 2013 surveys. It is expected that these recommendations dvdtbssed ancefined
during TWG meetings planned for Q1 2013.

A Coordinate with LGL to better identify the beginning of the upstream migration period
for each fish species bgviewing fish wheel capture records. Initiate spawning/redd
surveys immediately following reports of fish wheel capture of adult fish.

A Work closely with LGL to utilize the results of retiine radio telemetry surveys of adult
fish to assist in determing the timing and use of different macrohabitat types.
Coordinate HSC spawning/redd sampling to take full advantage efmeahabitat use
information obtained from the radio telemetry surveys.

A Review testing results of use of sistsan and DIDSON sonao detectspawning in
turbid main channel and side channel macrohabitat types completed by LGL in
September 2012. If these methods show promise for detecting spawning in turbid water
areas, work with LGL to expand the use of these methods to both Iodieniedle river
segments to identify spawning/redd areas for microhabitat measurements.

A Based on results of 2013 Winter Pilot studies, include winter surveys of microhabitat use
at a representae subset of the IFS Focuseas. If possible, hcorporatenighttime HSC
surveys to detect any variations in diurnal microhabitat use by juvenile fish.

A Pursue the use of electrofishing techniques to determine meso and microhabitat use of the
target species and life stages in turbid water areas. Although théaisk seining does
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appear effective in capturing fish in turbid water areas, use of this method is somewhat
restricted to areas with shallow depth (<4 ft), low vdig@nd small substrate sizes.

A Utilizing results of mainstem habitat mappimgnduct sgtematic sampling of all
representative macro and mesdatattiypes within each of th&S Focus AreasSpecial
effort shouldbe made to ensure that HSC sampling occurs within each of the main
channel mesohabitat types presefie proposed number andtitibution of 2013 HSC
sampling sites will be presented to the TWG during the Q2 2013 meeting

A Increase the frequency, duration, and distribution of summertime HSC surveys to detect
potential difference in microhabitat use by different species and |ldestzased on
spatial and/or temporal variability. HSC sampling crews will work closely with fish
distribution survegto ensure that sampling priority can be given to those macro and
mesohabitat types that support the largest diversity and number of fish.

Continue to build HSC database utilizing ssfgecific microhabitat observations. Utilize

database to identify relationships between macro, meso, and microhabitat use by target species
and life stages as well as differences in use of clear water vaerbigswater and areas with and
without groundwater upwelling.

6.3.2. Proposed 2013-2014 Studies

The HSC surveys completed in 2012 provided an initial opportunity to test various gear sampling
techniques and to collect a preliminary set of microhabitat datareShits of those surveys will

be useful in refining and implementing the more rigorous HSC data collection program in 2013
2014 as specified in RSP Section.8.5.5
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7. TECHNICAL MEMORANDUM i REVIEW OF HABITAT MODELING
METHODS APPLICABLE FOR THE SUSITNA RIVER

Instream flow studies invariably result in the collectior@biousamounts of data that are

typically evaluated via application of one or more models. These can range from empirically
derived models such as those derived from expert habitat ngafpailsback and Kadvany

2008) to more sophisticated methods involving a suite of hydraulic and habitat models such as
are available via the Physical Habitat Simulation (PHABSIM) package of programs that is often
referenced as part of the Instream Floarémental Methodology (IFIM) (Stalnaker et al. 1995;
Bovee 1982). There are many other methods that have been developed and used as part of
instream flow studies, some of which are described below, while others can be found in
reference documents suchthsse of Annear et al. (2004), Locke et al. (2008) and otféns.

TM first describes the types of models that were used as part of the 19B@si®ustudies and

then summarizes the methods and models that are being proposed as part of-2@42013
SustnaWatana IFS studies.

7.1. Su-Hydro 1980s Studies

The nstream flow studiesompletedduring the 1980s were conducted in the Middle and Lower
River segments of the Susitna River downstream of Devils Can$ardies during the 1980s
were designed to evaluathanges in fish habitat relative to changes &nstem Susitna River
discharge, and employed a variety of techniques that inchwtidulic and/or habitat modeling
and habitat mappinglin the MiddleRiver, modeling and mappingfforts were performed at 36
sites between River Mifg§RM) 148 and RM 101 during 1983 and 1984 (Tablel, Figures

7.1-1 and7.1-2). In theLower River hydraulic and habitat modeling was completed at 20 sites
between RM 92 and RM 35 (Taliel-1). Fsh habitat availabilityt different locationsvas
modeled over a range of Susitna River discharges osia@r more othe following habitat
models: IFIMT IFG3 (HABTAT), Direct Input Habitat (DIHAB), and Resident Juvenile Habitat
(RJHAB). The IFIM HABTAT model was used in conjunction with Instream Flow Group (IFG)
hydraulic modelgIFG-4), whereas no hydraulic modeling was completed in association with
DIHAB or RJHAB models.In addition to these modeling techniques, “avmensional mapping
was used tguantify available habitat at tributary mouths and extrapolation analyses were
proposed that were designiedorojectmodeling result$so nonrmodeled areas throughout the
Susitna River.

Habitat model selection during the 1980s studies was based-spestéc channel and

hydrologic characteristics, the desired resolution of microhabitat simulation, and the field
logistics associated with each method. The output provided by IFIM HABTAT, DIHAB, and
RJHAB habitat models was igerally similar to that prodiedby the habitat mapping method

used at tributary mouthd€£ach method characterized changes in fish habitat by relating the
amounts of wetted surface area and wetted usable area for juvenile and adult fish to Susitna
River discharge More detail concering each of the methods applied in the 1980s is provided
below. More specific information concerning overall locations of methods application including
numbers of transects and flows measured can be found in ApgBndix

6 River mile designations are those used in the 1980s studibdesignated within R&M (198)L
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7.1.1. PHABSIM Models
7.1.1.1. Description

ThePHABSIM group of modelsvere developed in the late 1970s and early 80s by the USFWS
Instream Flow Group (IFG) in Fort Collins, Colorado (Milhous et al. 1984; Bovee and Milhous
1978) For this reason, many of the models coined the prefix of IFG as parirodiéiseription;

e.g, IFG-2, IFG-3, IFG4 etc.). These models include both hydraulic and habitat modelsiand
commonly used within thé=IM as a means to predict changes in fish habitat quantity relative to
incremental changes in stream dischargethe 1980s, all of the hydraulic models were-one
dimensional (1D) models with therectororientationuni-directional The IFG models are
generallysuitable in areas characterized by steady or uniform flow conditions and rigid stream
channels and whergtream flow isassumed to be the primary determinant of fish habitat quality
(Trihey 1979; Hilliard et al. 1985). The IH@draulicmodels predict conditions (i.e., water

depth and velocity) within a stream section over a range of discharges based e mesais

recorded at points along multiple transects. Water depth, velocity, substrate and cover conditions
are recorded at each transect measurement point at multiple discharge levels. Within the IFG
model, each measurement point is a cell within whefan depth and velocity and substrate and
cover conditions are assigned based on measured values. The wetted surface area of the cell is
calculated within the model based on measurement point spacing.

The output of the hydraulimodels are mtered intchabitat moded (e.g, HABTAT) with

additional data pertaining to habitat parameter preferences (e.g., depth, velocity, substrate, cover)
of individual fish species and life stages to obtain an index of fish habsa(dVeighted Usable

Area [WUA]). Habitt preferences often vary among fish species and life stages and are
characterized for each target fistdéor life stages (see Section 8Vithin measurement cells,

the fish/life stage preference values for each habitat variable are multipliethewdtil area ¢

obtain a weighted area for thall. All transect cells are summed to provide the waaghted

useable areaNUA) at the measured discharge. The final model redejsctWUA

(normalized to 1,000 square feet of strgaersus flow relatinships by species and life stage.

7.1.1.2. Summary of Results

Duringthe 1980sSu-Hydro instream flow studies, IFG and HABTAT models were used to

model changes in juvenile fish habitath flow at 15 sites in the Middle Segment during 1983
and 1984 and at 6 sitestheLower Riverin 1983 (Table7.1-1; Appendix3) (VincentLang

1984b, Hilliard et al. 1985, Suchanek et al. 1985). IFG modeling sites in the Middle and Lower
River segments were located in side channel and side slough héitatsin channel habitat

were modeled with PHABSIMAnd were primarily used to describe changes in rearing habitat
for juvenile Chinook salmoralthoughtheywere also applied to juvenile sockeye and chum
salmon (Hilliard et al. 1985, Suchanek et al. 198}amples of IFGrarsectlocations in

various side channel habitats in the Middle Susitna River are depicted in Fity3rand Figure
7.1-4. At IFG sites in the MiddI&®River gment, data were measured at Susitna River discharge
levels ranging from approximately 6,000 &ds22,000 cfs (USGS Gold Creek gaging station,

RM 136.6) and juvenile Chinook rearing habitat area was modeled at discharge levels ranging
from 5,000 cfs to 35,000 cfs (Hilliard et al. 1985). In tlmever River IFG models were used to
model changes in yenile Chinook, sockeye, and chum habitat at Susitna River discharge levels
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ranging up to approximately 60,000 cfs to 70,000 cfs (USGS Sunshine gaging station, RM 83.9)
(Suchanek et al. 1985).

In the Middle Segment, WUA for juvenile Chinook at IFG sites wasitively and negatively
associated with Susitna River discharge among sites (Hilliard et al. 1985). Habitat area at lower
discharge levels was typically limited by depth, wiaiténigher flows negative trends in WUA

were attributed to increased watetocity (Hilliard et al. 1985). In theower River Susitha

River discharge was a very important factor in determining habitat conditions in side channels
and side sloughs (Suchanek et al. 1985). For example, suitable habitat for juvenile Chinook
salmontypically increased as side channel and slough habitats became breached by increasing
Susitna River discharge, but WUA decreased at elevated discharge levels due to unsuitable
turbidity and water velocity levels (Suchanek et al. 1985).

7.1.2.  Direct Input Habitat (DIHAB) Model
7.1.2.1. Description

The DIHAB model was created by Trihey and Asatesduring the1980s StHydro studies for
stream reaches that were not compatible with IFG model assumptions of stegdgually
varied streamflow conditions (Hilliard et al. 1985). Sites in which the DIHAB model was
applied were characterized by very low and spatially varied water velocities (Hilliard et al.
1985). In the Susitna River, such areas were often locatstleam margins or in areas affected
by backwater from the Susitna River main channel (Hilliard et al. 1985).

The DIHAB model was used to evaluate changes in fish habitat based on habitat conditions
measured at points on multiple transects and at two or more Susitna River discharge levels. Data
collection for DIHAB models was simildo that of IFG models, but flered in that the presence

or absence of upwelling at each site was recorded in addition to water depth, current velocity and
substrate data. Upwelling presence was a binary variable (i.e., present, not present) in DIHAB
models. In contrast to IFIM molde DIHAB models did not incorporate hydraulic models;

changes to fish habitat area over the rangagdiricallymeasured stream flows was estimated

using hydraulic and channel geometry data.

The output provideddy the DIHAB model wasimilar to that suplied by the IFG and HABTAT
models in thathanges in preferred fish habitat in terms of WatAother habitat metrsovere
presentedelative to Susitna River dischargas noted, he DIHAB model does not incorporate
hydraulic modeling, so WUAr other haitat indices wee estimated by linear interpolation for
discharge values thavere not directly measured but wevithin the range of measured
dischargegHilliard et al. 1985).

7.1.2.2. Summary of Results

The DIHAB model was applied at 14es in the Middle Rer :=gment on main channel margins

and side channein 1984 (Tabler.1-1; Appendix3) (Hilliard et al. 1985). DIHAB modeling

during the 1983 studies targeted adult chum salmon spawning which often occurred in areas with
low and/or variable current vedity and groundwater upwelling (Hilliard et al. 198%n

example of DIHABtransectdocation in mainstem margin and side channel habitat in the Middle
Susitna River is depicted in Figurel-4. Among the 14 Middle Segment sites, measured

discharge levalranged from approximately 7,500 cfs to 20,000 cfs (USGS Gold Creek gaging
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station, RM 136.6) and habitat conditions were modeled between Susitna River discharges of
5,000 cfs and 25,000 cfs (Hilliard et al. 1985).

In general, WUA(habitat)for adult clum spawning at backwater sites was positively associated
with discharge until water depth was not limiting to chum spawning preference, at which point
WUA flattened (Hilliard et al. 1985). In contrast, adult chum spawning WUA in mainstem
margin areas wasegatively associated with Susitna River discharge, as higher velocities limited
suitability for chum spawning (Hilliardt al. 1985). In side chanr®hbitats, trends in WUA

were positive at lower discharge levels but became negative as velocitieseexspawning
preference values at higher discharges (Hilliard et al. 1985). In all areas, the amplitude of the
WUA curve was positively associated with presence of upwelling and substrate quality (Hilliard
et al. 1985).

7.1.3. Resident Juvenile Habitat (RJHAB) Model
7.1.3.1. Description

The RIJHAB habitat model was a simplified means of estimating changes in fish habitat without
using hydraulic models. Data collection methods for the RJHAB were generally similar to that
of the DIHAB modelalthough measurement points each transect were apportioned

differently. For the RJHAB model, multiple cressctions were established and two shoreline
cells and one mighannel cell were created for each transect at each site (Figitbe In each

cell, the mean values for watdepth, current velocity, substrate, and cover were recorded.

WUA (habitat)was calculated for each cell and the total site WUA was derived from the sum of
WUA from all shoreline and midhannel cells among all transects at the @tarshall et al.

1984) WUA weas calculated only for meared discharge levels, so WUA svaterpolated for
intervening discharges and extrapolated for flow conditions outside the measured range
(Suchanek et al. 1985).

7.1.3.2. Summary of Results

RJHAB modeling was applied at six sideannel, side slough, and upland slough sites in the
Middle Segment in 1983 and at 16 side channel, side slough, and tributary mouth sites in the
Lower Riverin 1984 (Tabler.1-1; Appendix3) (Marshall et al. 1984; Suchanek et al. 1985i.
exampleof RJHAB transect locatiom side slough habitah the Middle Susitna Rives

depicted in Figur€.1-4. RJHAB modeling in the Middle and Low&iver segments targeted
juvenile Chinook, sockeye, chum and coho salmon rearing habitat (Marshall etdal. 198
Suchanek et al. 1985). Model measurements in the MRigkr '£gment were recorded at
Susitna River discharges ranging from approximately 10,000 cfs to 30,000 cfs (USGS Gold
Creek gaging station, RM 136.6) and WUA were calculated for discharge hepaisen 5,000

cfs and 45,000 cfs (Marshall et al. 1984). RJHAB modeling in the MKlidier gment

indicated that in side channel habitats, WUA peaked during a narrow range of flows that
occurred following breaching of the side channel (Marshall eB84)1 In side and upland
sloughs, WUA was affected by backwater effects from the Susitna River main channel (Marshall
et al. 1984). At all habitat types, WUA was strongly affected by cover (Marshall et al. 1984).
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7.1.4. Habitat Mapping
7.1.4.1. Description

Two-dimensimal habitat mapping was conducted at tributary mouths in the Miidé

segment in 1983 to characterize changes in habitat independently of hydraulic modeling
(Sandone et al. 1984). The habitat mapping method targeted adult chum spawning at the
confluerces of &' of July Creek (RM 131.1) and Lane Creek (113.6) with the Susitna River main
channel (Tablg.1-1). The two tributary mouth sites were considered to be representative of the
14 major tributary confluences in the Middle Segment (Sandone e84dl). 1®%/ater depth,

velocity and substrate data were collected at points on multiple transects and at several discharge
levels (Sandone et al. 1984). These data were used to creat@rtermsional parametapecific

maps delineating the area of suitablearmhspawning habitatThe three separate parameter

specific maps were then overlaid to identify the composite area of habitat suitability that was
available at each measured flow level (Sandone et al. 1984).

7.1.4.2. Summary of Results

Habitat mapping was condieciat four separate Susitna River stream flows ranging from
approximately 8,000 cfs to 24,000 cfs (USGS Gold Creek gaging station, RM 136.6). Results of
the mapping exercise indicated a positive association between usable habitat'&afalaly4

Cre& (RM 131.1) and Susitna River discharge, while at Lane Creek (RM 113.6) the relationship
was slightly negative (Sandone et al. 1984).

7.1.5.  Aerial Photography Interpretation 1 Habitat Surface Area Mapping
7.1.5.1. Description

In addition to methods that involved fietlata collection, the Sdydro instream flow studies

also utilized aerial photography interpretation as a means to identify and map aquatic habitat
types in the Susitna River under different flow conditions. Separate emalgse completed for

the Midde River Klinger-Kingsley et al. 985) and Lower RiverR&M Consultants et al. 1985)

but both employed similar analytical techniques. These generally included completion of aerial
photography of each of the river sections under different flow conditimhshen identifying,
delineating and digitizing specific habitat tygese Section J)ccurring within specific

segments of the river under each of the flow conditions. This provided the ability to plot habitat
areas (of specific habitat types) versus\ficonditions for the different habitat types which could
then be rolled up to provide estimates of total surface areas by habitat type for the entire river
corridor (for the Middle River) or river segments (for the Lower River)

7.1.5.2. Summary of Results

Analysis of the Middle River involved aerial photo interpretation of photographs taken at
mainstem discharges of 23,000 cfs, 16,000 cfs, 12,500 cfs and 9,080rgsitKingsley et al.

1985), along with surface area measurements taken at four other dischi&860 cfs, 10,600

cfs, 7,400 cfs, and 5,100 cfs. The analysis allowed for an interpretation of habitat
transformations as flows change which are well depicted in the series of photo plates presented
in Trihey and Associates (1985).
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Analysis of theLower River involved aerial photo interpretation of photographs taken at 75,200
cfs, 59,100 cfs, 36,600 cfs, 21,100 cfs, and 13,900Bézause of the complexity of the Lower
River, the analysis was organized into different river segments and hab#sigpe delineated.
Representative areas were then identified for which habitat types would be mapped and wetted
surface areas measured. These included; Side Chanddbbated within RMs 32:36;

Willow Creek Side Channel located within RMs-89; Casvell Creeki RM 64, Sheep Creek

RM 66.1, Goose Creek Side Channel located within RMs 682.5, Montana Creek Side

Channel located within RMs 778, Sunshine Slough Side Channel located within RM8@88

and Birch Creek Slough located within RMs 88%(R&M Consultants et al. 1985). More

details concerning the Lower River analysis can be found in Tetra Tech (2013).

7.1.6.  Extrapolation Analyses
7.1.6.1. Description

Extrapolation of habitat modeling results from modeled sites tenmuateled areas is typically
perfomed as part of habitat analyses to evaluate the response of fish habitat quantity and/or
guality in the entire stream system to discharge levels (Aaserude et al. 1985). During
extrapolation analyses, it is important to assess the representativenesgletiniiads to non
modeled areas. Extrapolation is typically applied as part of IFIM in stream segments that exhibit
homogenous hydrologic, hydraulic and morphological characteristics (Bovee 1982). Modeling
results obtained within a reach that is represére of a homogenous segmeah therbe

applied to normodeled areas in the segment on a proportional length basis (Bovee 1982). In
singlethread rivers, it is possible to derive a sysigiie response of habitat change relative to
discharge using thimethod (Bovee 1982Aaserude et al. 1985). In braided or multifileead

rivers such as the Susitna River, extrapolation of modeling results based on this method cannot
always be done reliably (Mosley 138 Although multiplethread rivers can be dividento
homogenous sgnents, it is often not possilie extrapolate hydraulic characteristics laterally
across braided channels, which are frequently quite variable and highly dynamic (Mogpy 198

The extrapolation methods develoghdingthe 1980s mdeling studies for the multiptdread

Susitna River differed from that of IFIM extrapolation techniques in three important ways (Table
7.1-2) (Aaserude et al. 1985, Kling&lingsley et al. 1985, Steward et al. 1985). First,

extrapolation from modeled e# to noAmodeled areas was performed based on proportional

area rather thaaproportional length basis to reflect the greater variability in channel widths in a
multiple-thread system relative to a single channel stream (Tab{®) (Aaserude et al. 198.

Secondly, Aaserude et al. (1985) noted another distinction between singlsultiplethread

rivers was that although morphologically similar areas existed in braided rivers, these areas never
occurred withina continuous homogenous segm@rable7.1-2). Areas that were

mor phol ogically similar were termed O6Represen
were identified by an approach that consisted of comprehensive reconnaissance level surveys in
addition to intensive study reaches where nindeoccurred. A third primary difference

between traditional IFIM and 1980s Susitna River extrapolation techniques was that results from
1980s modeldsites applied to neamodeled areas were adjusted to account for the greater

degree of variability in stictural habitat in a multipléhread river gstem relative to that

typically present in a singlhread river (Tabl€.1-2) (Aaserude et al. 1985). Areas that are

similar in terms of hydrology and/or hydraulics may exhibit disparate structural attribates

affect fish habitat quality (Aaserude et al. 1985).
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7.1.6.2. Summary of Results

Extrapolation analyses wedevelopedas part othe1980s habitatnodeling studies as a means

to expanchabitatstreamflow relationships developed at modeled sa@onmodeled sites. As

a basishabitats were characterized in terms of hydrologic (e.g., side channel breaching flow),
hydraulic (e.g., water depth, velocity, groundwater upwelling), and structural cover (i.e.,
vegetation, debris, and/or substrate) atitiels over a range of stream discharge levels using

aerial photography and aquatic habitat survey data (Aaserude et al. 1985). Representativeness
between modeled and nomodeled sites was evaluated using these data (Aaserude et al. 1985).
All habitat types (e.g., mainstem, side channel, side slough, upland slough) throughout the
Middle River ssgment were characterized, except tributary areas, at multiple discharge levels.

The methodology used by Aaserude et al. (1985) consisted of quantificatioricatratif and
simulation pathways. A preliminary step of quantification was to delineate areas of homogenous
habitat types (e.g., mainstem, side channel, side slough, upland slough) using aerial photos (see
Klinger-Kingsley et al. 1985). The response abliat surface area to changes in discharge was
measured for each habitat over several discharge levels (KKmnggsley et al. 1985). Wetted
surface area (WSA) was used as the metric of habitat quantity for this exercise (Aaserude et al.
1985, KlingerKingsley et al. 1985).

The stratification pathway classified delineated habitats into similar groups and provided a
means to associate modeled and-nmueled areas. Each habitat area was classified into
Representative Groups, based on hydrologic, hyaraunll structural characteristics (Tabl&-

3). Important hydrologic features used to classify habitats included breaching flow, the presence
and extent of groundwater upwelling, and the transformational response of the habitat to changes
in Susitna Rivedischarge (Aaserude et al. 1985). Primary hydraulic characteristics used to
distinguish Representative Groups were mean channel current velocity, dominant substrate type,
and channel morphology, as an index of site hydraulics (Aaserude et al. 1988jur&ticover
conditions in each habitat area were used in conjunction with cover suitability data for individual
fish species and life stage to derive a Structural Habitat Index (SHI). The SHI was used to
associate a modeled habitat area with-mmueledareas and was not intended to be an index of
overall habitat qualityAaserude et al. 1985).

The simulation pathway consisted of hydraulic and/or habitat modeling at representative habitats,
which predicted the relationship between habitat area anth&Ul&iver discharge. Habitat

models used as part of this exercise consisted of the IFG/HABTAT, DIHAB, and RJHAB

models. The available habitat at each modeled streamflow was represented as WUA.

For extrapolation of modeled results to rrandeled sitesa Habitat Area Index (HAI) was used

to represent the response of available habitat relative to stream discharge for a given habitat type
and was calculated as the quotient of WUA and WSA (Aaserude et al. 1985). Modeled results
were extrapolated using th#Al at the modeled site and representative grouping, breaching
flows, and SHI at the modeled and Aoodeled habitat areas (Aaserude et al. 1985). During
extrapolation, HAI were adjusted for differences in breaching discharge and SHI between
modeled and on-modeled areas (Figuiel-6). Assumptions ofheextrapolations included: 1)

HAI curves of modeled areas were representative oinmodeled areas within the same
Representative Group, 2) breaching flows appear on the same relative position on H&l curve
and 3) linear adjustment of HAI versus discharge curve amplitude can be derived-for non
modeled areas using the ratio of SHIs for modeled ananwoteled areas (Aaserude et al.
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1985). Once relationships were derived frommodeled areas, it was theagsible to integrate
results intcan overall assessment of habilaiv responses within each representative group;
these were presented in Steward et al. (1985). The next proposed step in the extrapolation
process would have been to conduct a systehe (at least for the Middle Riveegment)
evaluation of habitatiow responses that would have aggregated the responses into a system
wide habitatflow response relationshigdowever, thastep was never compést as part of the
1980s studies since the project was cancelled.

7.2. Susitna-Watana 2013-2014 Studies

There have been substantial advances in the development and application of instream flow
methods and models since the 1980s and many of these new to@mgrprbposed for use as
part of the 2012014 SusitnaWVatana IFS programOf particular note is the proposed
application of two dimensionalydrodynamic modeling for much of the workwo-

dimensional model@-D) were not available in the 1980s and #fere it was not possible to
model large, contiguous sections of the river over a wide range of flosed, habitait flow
modeling of the main channel of the Susitna River was not even attempted during the 1980s
studies. As a point of reference, Persal Computer (PC) development was just in its infancy so
that data entry, data analysis and modeling was largely handled adfieldaattivity and likely
often involved maifframe computer systems.

Data collection instrumentation has likewise impidaad has facilitated the application of 2D
models. Most notablythe advent of thécousticDoppler Current Profiler (ADCR3llows for
themeasurment and recording of\aelocity array that spans the majority of the entire water
column across a river cresection efficienty, safely, and relatively quickly. Coupled with Real
Time Kinematic (RTK) GlobaPositioningSatellite(GPS) survey instrumengdbathymetric
sonars, this suite of instruments now allows for the collection of accurate river bechfiipog
relatively long reaches of large river systerisiese data allow for development of 2D
hydrodynamic models that can be used not only for evaluating hiftatatrelationships via a
PHABSIM analysis, but also for sediment transport modeling lanéaf geomorphological

analysis. Contemporary software packages allow for much more detailed and complex analysis
of large amounts of data than was possible in the 1980s and when linked within a Geographical
Information System (GIS) framework, providesthbility for largescale detailed spatial

depiction of information. fielFS methodsproposed for 2012014 will rely on many of these

new technologies and analytical tools. Those methaus been prested in RSP Section 8.5

with portionsreproduced he forconveniencend to alloncomparisorwith approaches applied

in the 1980s.

7.2.1. Target Range of Flows

In conventional instream flow studies involving field data collection, one ahiti&@ planning
activities relateso the identification of a targeange of flows that are of interest in terms of
modeling and field data collection. These flows typically represent the range of flows over
which project operations would have a notable effect and that would occur during biologically
sensitiveperiods. The objective then is to collect sufficient data and information that would
allow the development of models and analytical tools that can evaluate habitat conditions over
the range of operational flows that may occur during those biologically sensitivder
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During the 1980s studies, ranges of flows were identified for both the Middle River (5,000 cfs to
23,000 cfs) and Lower River (& 13,000 cfs to
surface area analysis completed by Klingergsley et al(1985 and R&M Consultants et al.

(1985. As noted by KlingeKingsley et al(1985, the discharge rangerfthe Middle River

was assumetb be adequate fadertifying the transformation of areas from one type of habitat

to another as a result fductions in flow due tproject operations, and the range of flows

highlighted for the Lower River was presumably selected with that in mind.

For the 2013014 studies, these same general ranges of flow will likely serve as targets for the
two respectie segments Recent results of hydrologicanalysis completed by Tetra Tech

(2013 provide a comparison of average annual and monthly flows undearté>osi project
operations at four gage stations in the Middle and Lower segments of theTiinse data along

with resultsof the operwater flow routing model (R2 et al. 2013), other hydrologic information
(e.g, monthly exceedance flower the Susitna River at Gold Creek (USGS No. 15292000
(Figure 7.21), an evaluation of channel characteristiosl habitat types and their sensitivity to
flows, and the periodicities of the target fish species and life statjé® used to identify
appropriate ranges of flows for analysis within the two river segments. In conventional
PHABSIM modeling, a rule ahumb for extrapolation dID hydraulic models is that the range

of extrapolation can extend 0.4 x the lowest measured flow and 2.5 x the highest measured flow.
Based on that convention, the range of target flows identified above would provide an
extrapdation rangegenerallywithin the flow ranges foundnder Preproject hydrologies.

However, it should be noted that there is no convention regarding the range of extrapolation for
the 2D hydrodynamic models which are being proposed for application irAke

7.2.2. Habitat Model Selection

Identifying and quantifying the predicted changes in aquatic habitat in the Middle and Lower
segments of the Susitna River under the proposed Project operational scenarios will require the
use of several different hydraulicdibiological models Each of the models proposed for use

has been selected to assist in the evaluation of the physical and biological effects of the proposed
Project. Development of these models will require careful evaluation of existing data and
information as well as focused discussions with technical representatives from the TR&%&

models will rely in part on information and technical analyses performed in other study
components as a basis for developing model structures (e.g., Habitat Magpéngiverine

process studies).

As noted above,lpysical habitat models are often used to evaluate alternative instream flow
regimes in rivers (e.g., the Physical Habitat Simulation [PHABSIM] modeling approach
developed by USGS; Bovee 1998; Waddle 2004¢thods available for assessing instream flow
needs vary greatly in the issues addressed, their intended use, their underlying assumptions, and
the intensity (and cost) of the effort required for the applicatMany techniques have been

used, rangingrbm those designed for localized site or specific applications to those with more
general utility. The summary review reports of Wesche and Rechard (1980), Stalnaker and
Arnette (1976), EA Engineering, Science and Technology (1986); the proceedings of the
Symposium on Instream Flow Needs (Orsborn and Allman eds. 1976); Electric Power Research
Institute (2000); and more recently the Instream Flow Council (Annear et alaB@(4cke et

al. 208) provide more detailed information on specific methoblse nmethods proposed in the

IFS include a combination of approaches that vary depending on habitat types (e.g., mainstem,
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side channel, slough, etc.) and the biological importance of those types, as well as the particular
instream flow issue (e.g., connectivitgh passage into the habitats, provision of suitable habitat
conditions in the habitats, etcfrield efforts will be concentrated within Focus Areas (within the
Middle Segment) and at representative habitat types (within the Lower Segment) andawill ent
collection of data suitable for2 modeling (Middle Segment) and 1D modeling (Lower
Segmenths well as other analysi©f particular note is that the models and analysis include a
directed effort toward evaluating potential project effects of load following and the resulting
fluctuations in flow that can occur on a daily basis. This type of analysis was not needed during
the 1980s studies since the project configuration involved two damef which was a re

regulating dam. Thus, project operations in the Middle River were proposed as baseload
operation and such effects (j.@aily/hourly flow fluctuations) were not daipated. The overall
methods proposed for the 202814 studiesire described in more detail in RSP Section

8.5.2.1.8 and areummarizedelow.

Development of the modetkat will be used in the 201014 studies will involve coordination

with other resurce studieand consultation with the TWQDncefinal study areagFocus

Areas)and transects/study segments have lemtified, proposed methods of analysis and
modeling will be reviewed witthe TWG The modelwill be tailored based on habitat Bgto

be measured and the selected models to be Uges will involve a combination of-D and 2

D modeling approachesd may also involvepplication of empiricallbased methodsTable

7.2-1 provides a listing of potential models/methods that vélcbnsidered as part of the IFS.

The most appropriate methods for selected study areas will be determined via careful review of
site conditions and the underlying questions needing to be addressed.

The following section provides an overview of the hatstind hydraulic models proposed as part
of the evaluation of Projectlated effects including boundary conditamnansects,-B

modeling, single transect PHABSIM-(Q), stranding and trapping, and fish
passage/connectivity.

7.2.2.1. Boundary Condition Transects

The upstream and downstream boundaries as well as the lateral extent of the Focus Areas have
been chosen so that appropriate boundary conditions can be established for the hydraulic and bed
evolution modeling.Consideations includeencompassing potentigiflow and outflow points

to preserve the mass balance and minimize difficulties and assumptions associated with inflow
points. Potential upstream connections for side channels, side sloughs, and upland sloughs were
also identified and included in the dwling domain.The upstream and downstream limits on

the main channel were identified to either provide relatively uniform flow conditions or

sufficient distance upstream and downstream from areas of interest so that flow conditions in the
area of interdsare not significantly affected by the flow directions at the boundary.

Water levels measured during the cresstion and bathymetric surveys for each boundary

condition transect will be used to assist in calibrating ter@odels for each Focus Arel

addition to water surface elevations, the depths and velocities measured at the boundary transects
will be used to assist with hydraulic modeling for the single transect PHABSIM sites.
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7.2.2.2. 2-D Modeling

Determining the relationship between river flow andghgsical and hydraulic characteristics of
a river system as dynamic as the Susitna River is a complex undertaking that requires
considerable investigation and coordinatidrnis is especially true for assessing projetated
impacts to small, locadcde channel areas containing unique morphology and habitat features
(e.g., fish spawning, groundwater upwelling, stranding and trapping, fish passage/connectivity).
To assist with this effort,-® hydraulic modeling will be used to evaluate the detailettduylic
characteistics of the Susitna River within the Focus Areas wherenégssary to consider the
more complex flow patterns to understand and quantify project effects under various Project
operation scenariosThe 2D model will be applied to spEfic Focus Areas that are
representative of important habitat conditions and the various channel classificationTtypss.
sites will be chosn in coordination with the TWGA detailed discussion of the[2 modeling is
presented in RSP Section 6.6.

Selection of the appropriate mesh size for i 2ed evolution mode is dictated by several

factors including the size and complexity of the site feature(s); the desired resolution of output
information such as water surface elevation, velocity, depthbad material gradation; and any
limitations on the maximum number of elements that the model can simuil&#e2D models

being considered for this study are formulated with a flexible mesh, allowing the size of the
model element to be variedrigure7.2-2 provides examples of a relatively coarse and relatively
fine mesh applied to the potential Focus Area at Whiskers Slough in the Middle River Segment.

Examples of areas that may require finer mesh sizes include sloughs, smaller side channels,
spawningareas, stranding and trapping areas, hydraulic control features, and tributary mouths.
Areas where lower spatial resolution may be appropriate include main channel, floodplains, and
large side channeldn the areas of higher resolution, the mesh sidiebeion the order of

several feet to 25 feetn areas where lower spatial resolution is appropriate, the mesh size may
be in the range of 25 to 100 feet (RSP 6.6.4).

At some Focus Areas, two model meshes may need to be devef@pednesh would be for
executing the bed evolution model, which requires orders of magnitude more time to execute
than the 2D model without the moveable bed options runniiige other mesh would be
associated with a fixed bed representation of the site that would be usépluiotio hydraulic
conditions at a finer resolution for development of aquatic habitat indides2D

hydrodynamic models will be linked with PHABSIM habitat models and appropriafe HS
criteria to enable developmeotthabitatflow relationships withirFocus Areas.

7.2.2.3. 1-D Modeling Single Transect PHABSIM

Consideration will also be given to the use @) Inodeling and application and development of

a singe transet PHABSIM model The PHABSIM model (Milhous et al. 1981) wilkely be

applied to somef the openwater flow routing model transects to develop relationships between
main channel flow and habitat for the spawning and rearing life stages of the target fish species.
Supplemental main channel transects will be established as needed to moteafaltyerize

main channel habitats, either as part of the Focus Area analysis or at separate locations
associated with specific habitat typda.addition, the single transecii modeling approach

will also be applied to the Lower Segment studies to capapresentative habitat types.
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7.2.2.4. Breaching Flows

The breaching or topping of eéhamel habitat features by main chanrieér flows not only

affects the quantity of water within these features but water quality (turbidity and temperature)
and habitat qality as well. During the 1980s study of the Susitna River, researchers reported
that although breaching flows typically increase the availability of juvenile rearing habitat in
small offchannel areas, as mainstem discharge increases the qualityroj resbitat declines

as velocities in nearshore areas increase (Schmidt et al. ®8%ilar finding was reported

for the effect of water turbidityAlthough some turbidity did increase affiannel use by

juvenile Chinook salmon, high turbidity resalli from mainstem flows topping reduced juvenile
fish use (Steward et al. 1985Yining et al. 1985, reported that the winter topping of cold
mainstem river water into etfhannel habitats was the most significant factor contributing to
high levels of emlyo mortality in habitats used for chum salmon incubation in the Middle River
Segment.Determining the relationship between mainstem river flow and overtopping or
breaching of sensitive offhannel features will allow for the assessment of potential impdct
proposed winter Project operation scenarios.

7.2.2.5. Weighted Usable Area Habitat Metrics

The methods proposed in the IFS include a combination of approaches depending on habitat
types (e.g., mainstem, side channel, slough, etc.) and the biological impartdhose types, as

well as the particular instream flow issue (e.g., connectivity/fish passage into the habitats,
provision of suitable habitat conditions in the habitats, ef2uring the 1980s studies, methods
were designed to focus on both mainsterd offchannel habitats, although mainstem analysis
was generally limited to nearshore areB$1ABSIM-based 1D models, juvenile salmon rearing
habitat models, fish passage models, and others were employed and will be considered as part of
the IFS plan.As part of the 20132014 study efforts, more rigorous approaches and intensive
analyses will be applied to habitats determined as representing especially important habitats for
salmonid productionAs noted abovehts will include both 1D and2-D hydraulic modeling

that will be linked to habitabased models.

As part of the Geomorphology Modeling Study (see RSP Section 6.6), sex®mbdelsare

being considered includi ngD,t hleS BAE éesa UA doa p tRievcd
Hydraulics ADMMD, StWwWsS BWIG$es DHI 6s MIKE 21, and
models (RSP Section 6.6 for a description of varielsrodel attributes and reference3he

River2D model is a twalimensional, deptlaveraged finiteelement hydrodynamic model

developed at the Uwersity of Alberta and is capable of simulating complex, transcritical flow
conditions. River2D also has the capability to assiess habitat using the PHABSIM Weighted

Usable Aea approach (Bovee 198XHlabitat suitability indices are input to the nebdnd

integrated with the hydraulic output to compute a weighted useable area at each node in the

model domain.While evaluation of habitat indices is directly incorporated into the River2D

suite of models, otherR models are also complementary to habitat evaluatiSetection of

potential 2D models for fish and aquatics evaluations wilkcberdinated with dter pertinent

studies and th&WG.

In response to the effect of potential Ifatlowing operations, habitat modeling using weighted
usable area indices may need to be developed using both daily and hourly tim&gadyesting
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the effects of changes Irabitat conditions on an hourly basis may require additional habitat
specific models such as effective habitat and varial zone modeling.

7.2.2.6. Effective Spawning/Incubation Habitat Analyses

Operation of thé&usitnaWatanaProject has the potential to influertbe quantity and quality of
spawning habitat by altering stream flow in the main channel arthafinel areas of the

Susitna River.While changes in physical conditions (i.e., depth, velocity, and substrate) will
determine the suitability of habitat fealmon spawning, the subsequent survival of eggs and
alevins can be influenced by a different suite of H@hated processed.he eggs of Pacific

salmon are laid in nests, or egg pockets, dug by the female in the gravel of the stréeEmebed.
female thercovers the egg pockets with several inches of gravel by vigorous body and tail
movements.Eggs within the spawning site (redd) incubate through the winter and depending on
water temperature, hatch in late winter through spring, then remain within thagedevin until
emergenceMortality during the incubation period, which includes the egg and alevin stages, is
generally high and can be caused by scour associated with flood flows or dewatering and
freezing during low flow conditionsThe location ofedds within the river channel may have a
major influence on redd survivalf redds are constructed toward the center of the channel when
mainstem flows are low, redds may be scoured by winter flood eémégids are constructed

along the channel mgins or in offchannel areas when mainstem flows are high, redds are at
risk of dewatering or freezing when flows drop during the winter incubation selstre

Susitna River, as elsewhere, upwelling areas provide stable intergravel conditions aead warm
temperatures during the winter incubation period, providing some protection from dewatering or
freezing.

Flow changes can influence the prevalence of groundwater upwelling, which in turn can affect
the rate of survival and development for eggs andradewn the Susitna River, Vining et al.

(1985) suggested that upwelling is the single most important feature in maintaining the integrity
of incubation in slough habitat as well as localized areas in side channel hdthatslling and
intergravel flowalso play an important role in determining the water quality at redd sites,
particularly with respect to temperature and dissolved oxygen concentrafim®r increases

in mainstem flow or stage may affect upwelling by:

A Decreasing the rate of groundwatgwelling from the adjacent floodplain.

A Diluting relatively warm, stable, upwelling habitats when side channels are breached by
mainstem flow.

A Changing the rate of intergravel flows associated with hydraulic gradients between main
channel and ofthannehabitats.

The risks posed by flowelated processes on salmonid redds and egg/alevin incubation will be
assessed by developing an effective spawning/incubation model that incorporates separate but
integrated analyses for each procebse spawning/inculieon model will be based on

identifying potential use of discrete channel areas (cells) by spawning salmonids on an hourly
basis. Use of each cell by spawning fish will be assumed to occur if the minimum water depth is
suitable and velocity and substratetability indices are within an acceptable range defined by
HSC/HSI. Speciesspecific HSC/HSI information used to identify potential use of a cell by
spawning fish will be developed as described in RSP Section 8.H.415table spawning

conditions aist, that cell will then be tracked on an hourly time step from the initiating time step
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through emergence to predict whether eggs and alevin within that cell were subject to interrupted
upwelling, dewatering, scour, freezing, or unsuitable water.

This piocess will be repeated for each hour of the potential spawning period based on the species
and life stage periodicitiedf sufficient sitespecific periodicity information is available, each

hour can be weighted depending on whether it occurs duringetiieor offpeak of the

spawning periodIf hydraulic conditions during the spawning season were considered suitable
for spawning in a particular cell during the initiating time step, and conditions remained suitable
for egg viability every hour throughmeergence, then the cell area at the initiating time step

would be considered effective spawning/incubation habithts process is repeated for each

cell within the habitat unit containing suitable spawning habitat at time step 1, and the entire
processepeated for each time step through the end of incubaifiba.resulting areas will then

be summed to determine the cumulative total effective spawning/incubation area for the habitat
unit under existing conditions and alternative operational scenamadbr hydrologic year under
consideration.

All of the analyses associated with the effective spawning/incubation model will be performed at
each of the Focus Areas with suitable spawning habitag. results of the effective
spawning/incubation analysigll be a reackaveraged area calculated by weighting the effective
spawning area derived for each Focus Area by the proportion of Focus Area within the
geomorphic reach (RSP Section 8.5.4The results are calculated in terms of weighted area
(similarto PHABSIM results) and do not represent actual area dimensitrwstesults cannot

be used to calculate numbers of emergent fry but instead provide habitat indicators that will be
used to conduct comparative analyses of alternative operating scendeosamous hydrologic
conditions.

7.2.2.7. Varial Zone Analysis

Fluctuations in flow will cause shallow portions of the river channel to alternate between wet and
dry conditions; this area of alternating wet and dry is referred to as the varial zone TR2eR)re

Flow reductions along the channel margins can cause stranding and trapping of juvenile fish and
benthic macroinvertebrates within the varial zoRepeated dewatering of the varial zone can

result in reduced macroinvertebrate and algae density, divexsd growth (Fisher and LaVoy

1972; Dos Santos et al. 1988).

Analyses of Project effects on the downstream varial zone can be quantified as the frequency,
magnitude, and timing of downramping events exceeding specified downramping rates; the
frequencynhumber, and timing of downramping events that occur following varying periods of
inundation; and the frequency, timing, and magnitude of potential stranding and trapping of
aguatic organisms.

The proposed loatbllowing operations of the Project will affehourly flow fluctuations
downstream of the Watana Dam siigased on analyses of studies of the effects of hydropower
load-following operations in Washington State, it is generally assumed that faster rates of water
surface elevation reduction are aated to an increased risk of stranding of aquatic organisms
(Hunter 1992).Salmonid fry are particularly susceptible to stranding and the daily and seasonal
timing of downramping events will influence the potential risk to aquatic organisms.

The goal otthe downramping analysis will be to quantify the frequency, magnitude, and timing
of downramping rates by downramping event by geomorphic reach downstream of the Watana
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Dam site. The objectives of this analysis will be to quantify reasleraged downrannpg

events by rate under existing conditions and under alternative operating scenarios for selected
hydrologic years.Using the results of the mainstem flow routing models, apastessing

routine will be used to identify those specific hourly time gasiwhen the water surface

elevations are decreasing (i.e., downrampirkgr those time periods, the hourly reduction in
water surface elevation will then be computed and expressed in units of inches pe& hour.
frequency analysis will be conducted dwe hourly downramping hours by downramping event

by geomorphic reachThe frequency analysis will determine the number of downramping events
exceeding selected numeric categori€sese categories will be selected in collaboration with

the TWG, but for anning purposes, the following categories are proposed:

A Greater than 0 but less than 1 inch per hour

>\

Greater than 1 but less than 2 inches per hour

>\

Greater than 2 but less than 4 inches per hour

>\

Greater than 8 inches per hour

>\

Exceeding downrampinguidelines developed by Hunter (1992).

The number of events where downramping rates exceed these categories will be tabulated by
month and by annual total under existing conditions and for alternative operating scenarios.

The frequency, number, and timinffdownramping events that occur following varying periods

of inundation will be quantified to evaluate the effects of downramping events on organisms
exhibiting a range of colonization rateBhis varial zone analysis can be conducted by total

Focus Areaor can be conducted by discrete habitat types within a Focus Area (e.g., main
channel, side channel, sloughs) using an hourly time step integrated over a specified period that
considers antecedent fluctuations in water surface elevations.

7.2.2.8.  Fish Stranding and Trapping

Though stranding and trapping are related processes, there are differences that require two
separate analyses for the effedBmth analyses develop indices that represent the potential effect
of reductions in water levels during downrampéwgnts on fish and other aquatic organisms.
Stranding involves the beaching of fish as the water levels recede and is typically associated with
low gradient shoreline areas or cover conditions that attract fish to areas where dewatering
occurs. Mortality occurs when stranded fish are beached on dewatered portions of the channel
bed. As water levels recede, some fish may become trapped in channel depressions or pools.
Although trapped fish may survive for short periods of time, the potential for mortality increases
based on factors including temperature fluctuations, reduction in dissolved oxygen, predation,
and stranding as the water in the pool infiltrates the satlestr

The approach to theranding and trapping analyses will fienilar to other analyses involving

the evaluation of the effects of water surface elevation fluctuations in the varialStaeding

and trapping indices utilize results of the mainstkw fouting models to determine the water
surface elevations on an hourly basis within Focus Ar8gasge fluctuations are applied within
Focus Areas using the digital terrain models to quantify the frequency, timing, and magnitude of
stranding events ued existing conditions and alternative operational scenafibs.results of

the mainstem flow routing models and the digital terrain models are also combined to quantify
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the frequency, timing, and duration of trapping events for discrete channel fedthres-ocus
Areas. The stranding and trapping analyses determine evaluation indices based on each water
level fluctuation cycle.

The stranding and trapping analyses track the period of dewatering (stranding) or the period of
disconnection (trapping)Fish are assumed to return to potential stranding and trapping areas
shortly after the water surface elevation rises to once again inundate/connect the side channel
areas.Stranding and trapping indices are not treated as values that are summed onyan hourl
basis; instead, stranding and trapping are viewed as a series of events, and part of the index
expression includes this frequency of everitserefore, the results are computed at the end of

an event based on the duration of the event, and then rm&itsmmed over the series of

events.

Downramping rates will be determined as part of the stranding analyses including the
exceedance of specific numeric categories ranging from 1 inch per hour to over 8 inches per
hour. For trapping analyses, rampingasitwill not be directly incorporated as a factor in the
calculation of the indicesStrong relationships between ramping rate and incidence of trapping
are not consistently demonstrated in previous studies (Hunter 1992; Higgins and Bradford 1996;
R.W. Bek and Associates 1989).he results of both stranding and trapping evaluation

indicators can be quantified under existing conditions and alternative operational scenarios for
selected hydrologic conditions.

The indices for stranding and trapping are basedquations that relate physical characteristics

of the stranding and trapping sites to the potential for stranding and trapping to Dloeur.
information for the physical site characteristics will be derived from the bathymetry and mapping
through theapplication of GIS.The index equations have physical factors related to site area,
depth, and cover conditiong.he observations and data collected during the stranding and
trapping field surveys will assist in developing the ratings for several af thetors (RSP

Section 8.5.4.5).

For planning purposes, potential stranding areas are defined as areas with a bed slope of 4
percent or less, excluding depression areas that are included in the trapping area analysis.
Stranding areas are also defined r@aa with features, such as emergent vegetation found
alongside slough margins, which are observed to contribute to an increased risk of stranding
regardless of bed slope based on the results ed@eific surveysSpecific stranding zones are
definedat elevation intervals to allow for tracking of dewatering of stranding areas as the water
surface elevation rises and fallStranding areas are also defined as contiguous areas of 1,000
square feet or greatef.he potential presence of fish in a strisgdsite is assumed to be directly
proportional to the size of the stranding area. RSP Section 8.5.4 presents a detailed description
of the equations and indexes use to calculate the potential for stranding and trapping events.

7.2.2.9. Fish Passage/Off-channel Connectivity

Several environmental variables may affect fish passage and connectivity within sloughs and
side channels and tributary deltds.general, at a given passage area the water conditions
(primarily depth) interact with conditions of the chanfiehgth and uniformity, substrate size) to
characterize the passage conditions that a particular fish encounters when attempting to migrate
into, within, and out of a slough, side channel, or tributary délkee likelihood of a particular
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fish successfly navigating through a difficult passage reach will depend on the environmental
conditions as well as the individual capabilities and condition of the fish.

Depth passage in sloughs, upland sloughs, side channels, and at tributary delta mouths will be
assessed following the methods of Sautner et al. (1984) that focus on salmon passage in sloughs
and side channelsTwo-dimensional modeling, not available in the 1980s, will also be applied.
Although salmon passage remains a key concern, the passagesvathgdnerally applicable

to other species where depth passage criteria are known or can be devélmethin goal of

the fish passage and afhannel connectivity is to evaluate the potential creation of fish passage
barriers within existing habitafsributaries, sloughs, side channels;dffinnel habitats) related

to future flow conditions and water surface elevatidrstther details concerning the fish barrier

and passage analysis are presented in RSP 9.12.

7.2.3. Temporal and Spatial Habitat Analyses

The IFS will result in the collection of data and development of different types of Haditat
relationships from spatially distinct locations within each of the Focus Areas, and from selected
crosssectional transects outside of the Focus Areas thé&tioos variety of habitat typed.ypes

of relationships will include but not be limited to those founded on PHABSIM that depict WUA
or habitat versus flow by species and life stage; effective habitat versus discharge relationships
that define how spawnirgnd incubation areas respond to flow changes; varial zone analysis that
guantifies areas of stranding and trapping relative to flow change; and grounswédee water

flow relationships relative to upwelling and spawning habitatiditional componerst that will

factor into the habitdt flow relationships will include those associated with breaching flows,
upwelling, water temperature, and turbidifihese relationships will be part of the analytical
framework and conceptual models that will be usegvaluating the operational effects of the
Project (RSP Section 8.5.4.8) on different habitatsis will require both a temporal analysis

that focuses on how the various habitat response variables change with flow over biologically
important time perids (i.e., periodicity), and a spatial analysis that can be used not only for
evaluating specific relationships on a site/transect specific or Focus Area basis, but also for
expanding or extrapolating results from measured to unmeasured habitats withiarth€his

latter analysis is needed in order to assess systdmProject effects.

7.2.3.1. Temporal Analysis

Temporal analysis will involve the integration of hydrology, Project operations, the Mainstem
Openwater Flow Routing Model, and the various hakitatv response models to project
spatially explicit habitat changes over tinfeeveral analytical tools will be utilized for
evaluating Project effects on a temporal baSisis will include development and completion of
habitattime series that represdmbitat amounts resulting from flow conditions occurring over
different time steps (e.g., daily, weekly, monthly), as well as separate analysis that address
effects of rapidly changing flows (e.g., hourly) on habitat availability and suitability.

The Mairstem Operwater Flow Routing Model and habitat models will be used to process
output from the Project operations mod&his will be done for different operating scenarios,
hydrologic time periods (e.g., ice free periods: spring, summer, faloeceredperiod: winter
[will rely on Ice Processes ModelSection 7.6]), Water Year types (wet, dry, normal), and
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biologically sensitive periods (e.g., migration, spawning, incubation, rearing) and will allow for
the quantification of Project operation effectsthe following:

A Habitat areas (for each habitat tyipmain channel, side channel, slough, etc.) by species
and life stage; this will also allow for an evaluation of the effects of breaching flows on
these respective habitat areas and biologically semgieriods (e.g., breaching flows in
side channels during egg incubation period resulting in temperature change).

A Varial zone area (i.e., the area that may become periodically dewatered due to Project
operations, subjecting fish to potential stranding aapiping and resulting in reduced
potential invertebrate production).

A Effective spawning areas for fish species of interest (i.e., spawning sites that remain
wetted through egg incubation and hatching).

A Other riverine processes that will be the focushef@eomorphology (see Sections 6.5
and 6.6), Water Quality Modeling (see Section 5.6), and Ice Processes (see Section 7.6)
studies including mobilization and transport of sediments, channel form and function,
water temperature regime, and ice formation @echy timing. The IFS studies will be
closely linked with these studies and will incorporate various model outputs in providing
a comprehensive evaluation of instream fi@lated effects on fish and aquatic biota and
habitats.

As an example, using theabitat versus flow relationships (based on HSC and HSI metrics
described in RSP Sections 8.5.4.5.1.1 and 8.5.4.5.1.2) developed within the different Focus
Areas and at selected cressctions, an evaluation of habitat change over time can be completed
using habitat time series analysishe basic premise of a habitat time series analysis is that the
physical habitat in a stream at any given time can be calculated from the stream flow using the
equation:

HA(t) = WUA{Q(t)}

where WUA = physical habitatversus flow relationship for a given species and life
stage;

Q(t) = stream flow at time t; and
HA(t) = habitat area for time t.

The results of the time series analysis will be compared under baseline (unregulated) conditions
with one or more Project @pational ScenariosThis type of analysis will be done for each
biologically relevant period (e.g., adult migration and holding, spawning, incubation, juvenile
rearing, and others) for a given species and life stage, and for different Water Year.types (e
wet, normal, dry).Consideration will also be given to identifying year types that reflect cold,
normal, and above average air temperatufése analysis will include development of habitat
duration curves that depict habitat exceedances based bgdiologic record.

7.2.3.2. Spatial Analysis

How the data and habitfbw relationships collected and developed from one location relate to
other unmeasured locations is the focus of the spatial analyssanalysis is crucial to

providing an overall undstanding of how Project operations may affect habitats and riverine
processes on a systemde basis and will feed directly into the Integrated Resource Analysis
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(RSP Section 8.5.4.8)This analysis will be completed #014 dter all data are collectedd
respective models have been developagst like the temporal analysis, the final procedure(s)
for completing spatial analysis will be developed collaboratively with the TWG and with input
from other resource disciplines.

Completion of spatial analysef the Susitna River will be challenging given its length, widely
variable size (width), diverse geomorphologies, and complex habitat typesvariability is

readily apparent in the Middle River Segment and becomes even more pronounced in the Lower
River Segment with the addition of flow from the Talkeetna and Chulitna rivers and resulting
expanded floodplainThis will require the development of an approach that considers the
distinctiveness of the different habitat types within a given area dhd aame time the

similarity of these habitat types to other areBsvelopment of habitat flow relationships for
specific habitat types (e.g., side channel, side slough) and mesohabitat types (riffle, run, pool,
etc.) from one area should then, witlpegpriate adjustment for dimensional differences and
other distinguishing factors, be expandable to unmeasured areas containing similar
characteristics.

A substantial effort was already advanced toward development of a spatial habitat analysis
approach apart of the 1980s studies (Aaserude et al. 1985; KliKgmgsley et al. 1985;

Steward et al. 198F¥ee Section 7.1.6)nspection of those studies indicates that although the

tools and computational techniques that were applied may be outdated, the general principles and
precepts that served to guide development of the approach remain soundd®daesult, they

provide a good starting point from which to build a more contemporary approach founded on

new sampling technologies and more sophisticated models that will provide for a more robust
spatial analysis, including procedures for extrapolation of hatotatrelationships from

measured to unmeasured areas.

Importantly, the 1980s studies made a clear distinction regarding extrapolation approaches that
are suited for single thread channel versus those for-thtdthd channelsAaserude et al.

(1985) correctly notethat for single thread channels, it is appropriate and is routinely done
today to utilize extrapolation procedures that are based on proportional lengths of mesohabitat
types that are identified as part of a habitat mapping exerttgs.approach was iginally

fostered by Morhardt et al. (1983) and has remained in use $imdeed, this approach, or some
modification thereof, will be utilized for extrapolating PHABSBased habitatlow

relationships derived from main channel mesohabitat specifisgcts (e.q., riffle, run, pool,

etc.) as identified from the Characterization of Aquatic Habitats Study (RSP Section 9.9) to
unmeasured mesohabitats within a given geomorphic réddh.will be done in a series of

steps that include the following:

A Compktion of habitat mapping (see Section 9.9) that will delineate main channel
mesohabitats into categories of cascades, riffle, pool, run, and glide as described in
Section 8.5.4.2.1.1.

A Determination of percentages of each mesohabitat type within each géareach.

A Assignment of existing transects (those already established as input to thead@en
flow routing model (RSP Section 8.5.4.3) and new main channel transects established
either as part of the detailed Focus Area studies (RSP Section 8.3)46ddded to
capture a specific main channel habitat not represented by the existing transects to a
specific mesohabitat category.
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A Weigh each of the transects within a given geomorphic reach based on the percentages of
mesohabitats represented in thechege.g., in a reach that is 30 percent riffle with 6 riffle
transects; each transect would be assigned a weighting factor of 5 percent (30 percent/6)
of the total reach length).

A Apply additional transect weighting based on location to account for tryoaak
accretion flow.

A Derive habitafflow relationships (by species and life stage) for a given geomorphic reach
based on transect specific habilatv relationships by mesohabitat type weighted by the
percentages of the reach (based on lineal distano#gining each mesohabitat type (as
determined from habitat mapping).

This latter step will then result in a composited halitat relationship that considers all
mesohabitat types within a given geomorphic redalrther compositing of relationships fall
geomorphic reaches (with consideration for flow accretion, etc.) will allow for the derivation of
habitatflow relationships (by species and life stage) for the entire segment of the main channel
Susitna River.Coupled with the opewater flow routhg model, these relationships can then be
used to evaluate how main channel habitats may vary under different operational scenarios and
will provide one of the tools necessary for completing the spatial analysis.

A different approach will be needed for ltthread channels because they contain multiple
habitat types (e.g., side channel, side slough, upland slough, etc.) within which each may contain
multiple mesohabitat types (e.g., riffle, run, pool, ettn)addition, flows within some of the
habitattypes may be governed by groundwegarface water interactions that cannot be modeled
directly by PHABSIM. The framework for evaluating muithannel habitats described in

Aaserude et al. (1985) provides a logical construct for achieving this and dsbote, is the

starting point for the current Instream Flow Studlinlike the approach for a single thread

channel where a reasonable assumption is that hébitatesponse relationships will generally

be similar among mesohabitat types, the diverdityabitats within a mukthread channel

means that habitdlow responses are dynamic and highly variabbireaddition, multithread

channels are spatially discontinuous and disconnected so that it is not possible to extrapolate
entire multichannel urts to others.As noted by Aaserude et al. (1985), the braided river
environment is too dynamic and variable for the development of quantitative relationships
between discharge and physical habitat variables such as depth, velocity, and channel structure
on a river corridotwide basis for use in extrapolatiomstead, an approach for evaluating

habitat is needed that focuses on portions of the river corridor but then relates the findings of
those portions to other areas of similar character.

The method pesented by Aaserude et al. (1985) was based on the provision of two separate
databases, the first containing habftatv response relationships for the full range of habitat and
mesohabitat types found within selected portions of the river, the secexgamsive database
consisting of aerial imagery and targeted measurements of a select number of habitat response
variables from essentially all of the habitat types found within the primary-thtgthded

channels in the Middle River Segmeirtput to tre first database was provided largely by a
number of sitespecific studies that included application of PHABSIM (IFG), DIHAB, and

RJHAB models to define habitdbw response relationships in different habitat types, as well as
surveys to determine breangiflows. However , the fAone size fits
for expansion of mesohabitat types does not apply to the-thrdad network of channels in the
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Susitna River.Consequently, further stratification of the habitat types (side chasidelslough,

upl and slough, etc.) was needed and resulted
that provided a sulevel of categorization to the habitat types (Steward et al. 1985; Aaserude et
al.1985).These 10 gr oups aldecontinaidneodflowrf e Ina tdeechtatftiri b
(Steward et al. 1985) that were deemed readily distinguishable and included the following:

A Group Ii Predominantly upland sloughéreas are highly stable due to persistence of
nonbreached conditionsAreahydraulics characterized by pooled clear water with
velocities frequently near 0 fps and depths > Pfols commonly connected by short
riffles with velocities < 1 fps and depths < 0.5 ft.

A Group Ili Side sloughs that are characterized by relativedi breaching flows
(>19,500 cfs), clear water caused by upwelling groundwater and large channel length to
width ratios (> 15:1).

A Group Illi Areas with intermediate breaching flows and relatively broad channel
sections.These areas consist of side chasméhich transform into side sloughs at
mainstem discharges ranging from 8,200 to 16,000Tdf&se areas are distinguishable
from Group Il by lower breaching flows and smaller length to width ratifgswnelling
water is present.

A Group IVi Side channelthat are breached at low flows and possess intermediate mean
velocities (25 fps) at a mainstem discharge of approximately 10,000 cfs.

A Group Vi Mainstem and side shoal areas that transform to clear water side sloughs as
mainstem flows recedelransforméons generally occur at moderate to high breaching
flows.

A Group VIi Similar to Group V.Sites within this group are primarily overflow channels
that parallel the adjacent mainstem, usually separated by sparsely vegetated gravel bar.
Upwelling may or my not be presentdabitat transformations within this group are
variable in type and timing.

A Group VIIT Side channels that breach at variable yet fairly low mainstem discharges and
exhibit characteristic riffle/pool sequenceools are frequently laegoackwater areas
near the mouth of the sites.

A Group VIII'i Area that dewater at relatively high flowSlow direction at the head of the
channels tends to deviate sharply (> 30 degrees) from the adjacent mainstem.

A Group IXi Secondary mainstem channgiat are similar to the primary mainstem
channels in habitat character, but distinguished as being smaller and conveying a lesser
proportion of the total dischargdéreas within this group have low breaching discharges
and are frequently similar in size farge side channels, but have characteristic mainstem
features, such as relatively swift velocities (> 5fps) and coarser substrate.

A Group Xi Large mainstem shoals and margins of mainstem channels that show signs of
upwelling.

Another element of the rtteod described by Aaserude et al. (1985) that was used as part of the
representative group designation was its consideration of habitat transformation wherein
mainstem areas may functionally transition from side channels to side sloughs and ultimately
becane dewatered as flows reced®total of 11 habitat transformation categories were defined
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and considered when comparing flow conditions; these included comparative categories of clear
vs. turbid water, upwelling present vs. absent, and distinct vstinadiside channel formation.

Model development from which to base habftatv response relationships within each of the

groups relied upon the sigpecific models applied at different study arelasaddition to

traditional metrics of weighted usablea (WUA), a number of other metrics were derived that
included Wetted Surface Area (WSA), Gross Habitat Area (GHA), a Habitat Availability Index
(HAI), a Habitat Distribution Index (HDI), and a Habitat Quality Index (HQihese
relationships were therppliedtounmo d el ed areas assigned to diff
taking into account two important distinguishing characteritstsuctural habitat quality and
breaching flow. Structural habitat quality was evaluated for each site based owldidhat

considered cover type, percent cover, dominant substrate size, substrate embeddedness, channel
geometry, and riparian vegetatioRrom this, a Structural Habitat Index (SHI) was computed for
each uamodeled areaBreaching flows were likewiseetermined for each unmeasured area.

These two elements were then used as adjustment factors for defining the deriveatetd

habitati flow response relationship. Once relationships were derived fromoaieled areas, it

was then possible to integeatesults into an overall assessment of hablidat responses within

each representative group; these were presented in Steward et al. [885gxt step in the

process would have been to conduct a systeahe (at least for the Middle River Segment)

evaluation of habitaflow responses that would have aggregated the responses into a system

wide habitatflow response relationshigdowever, this step was never completed as part of the
1980s studies.

7.2.4. Instream Flow Study Integration

As described irSection 2, onstruction and operation of the proposed Project will change
downstream flow conditions on an hourly, daily, and seasonal Hasastfollowing operations

will increase the frequency, timing, and magnitude of hourly and daily flow fluctsatioml
increased flow releases during winter months will be followed by decreased flow releases as the
reservoir refills. The effects of such flow changes will vary depending on the operational rules
guiding power generationlhe suite of Project operatial rules governing hourly, daily, and
seasonal dam releases are termed operational scertacEsarios developed to benefit one
specific resource may have a detrimental effect on another reséimcenstance, maintaining
high flow releases during ¢hspring salmon smolt cmigration period may delay reservoir refill
and could affect Project releases for late summer coho reaimgperational scenario designed
to benefit one resource, such as cottonwood germination, may have an unintendedtdetrimen
effect on another resourc€onstraints on Project flow releases to benefit one natural resource
may affect the ability of AEA to meet its energy neeltentifying an operational scenario that
satisfies the interests of all parties requires an atialu of multiple resource benefits and risks.

Tools to inform the evaluation of flow scenarios have been developed in support of other water
control decisions A Decision Support System (DSS) was developed to support the evaluation of
alternative flow rgimes on resources of the Black Canyon of the Gunnison National Park (Auble
et al. 2009).The DSS developed by Auble was intended to provide deemsakers with the

tools to manage large data sets of simulated flow alternatives and evaluate the relative
desirability of those alternatives with respect to natural resoufdesintent was not to evaluate
alternatives, but to provide a tool for informing the evaluation of alternatiMes.basic

approach was to array differences among alternative flownesgby calculating values of
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indicator variables representing different habitat characteristics or processes of the riverine
ecosystemAuble noted that the scientific understanding and quantitative relations between flow
and the physical and biologicasponses of riverine systems are complex and may be
imperfectly represented by the indicatoRisagreement about the relative importance or
weighting of multiple resource concerns can delay or derail the deos&img process.

Ideally, a DSS requires balance between simplification of assumptions to reduce complexity
and oversimplification that does not reflect the constituent variables and calcul#idsis.

produced a set of indicators grouped into several areas of natural resources carerns.
indicators were replicable calculations that reflected conditions or processes within each area of
concern.Alternatives were compared directly in terms of these indicators, each of which could
be individually understood and challenged in terms of teemaptions involved in the
calculations.Different users could make different decisions using this system because they
might weight the importance of multiple indicators differently or value different aspects of the
system.Thus, the goal of the DSS wastrio make a decision, but rather to reduce the

complexity of information and focus attention on trad#s involved in the decision.

The Yakima River DSS (Bovee et al. 2008) was designed to quantify and display the
consequences of alternative water managy@ scenarios to provide water releases for fish,
agriculture, and municipal water suppl@utput of the Yakima River DSS consisted of a series
of conditionally formatted scoring tables that compiled changes in evaluation indicators.
Increases in the \izes of selected indicators were reflected in a eotmted scoring matrix to
provide decisiormakers with a quick visual assessment of the overall results of an operating
scenario.The scoring matrix required that evaluation indicators used to desesibarces be
rated as comparative valueA.variety of weighting strategies were provided during the
decisionmaking process to reflect the relative importance of different indicators.

In support of relicensing decisions for the Baker River Hydroeletogect, FERC No. 2150, a
DSSstyle matrix was developed to evaluate multiple resource concerns under alternative
operational scenarios (Hilgert et al. 2008he focus of the operations and aquatic habitat

analyses was to identify a mode of operation W@uld protect aquatic resources while meeting
multiple licensing participant interestéquatic habitat analyses were run concurrent with

analyses of economic, flood control, and other resoun¢agous licensing participants

championed different appaches to the relationships between minimum and maximum flow
releases, minimum and maximum reservoir pool levels, and downrampingTatesigh study

and analysis, some scenarios were proven infeasible and abandoned, others were modified, and
others weralissected and recombined with other approachA#srnative operational scenarios

were evaluated using a matrix that presented indicators of resource concerns without applying
comparative weighting factor<ollaboration among licensing participantsdyrally led to

consensus on a preferred flow management plan that contributed led to a Settlement Agreement.

Evaluation of Project effects on Susitna River resources will require inventive modeling
approaches that integrate aquatic habitat modeling wiluation of riverine processes such as
groundwateisurface water interactions, water quality, and ice proce3desnumber of

reaches, habitat types, target species and life stages, and resaaifie models will result in

large data sets for multiptesources that will be difficult to comprehend when evaluating
alternative operational scenario&.DSStype process will be needed to evaluate the benefit and
potential impacts of alternative operational scenariam. illustration purposes, an example
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matrix was developed éble 7.22) to display a range of potential indicator variables including
the following:

A Power

>\

Hydrologic

>\

Reservoir

>\

Ramping rates

>\

Stranding and trapping

>\

Salmon spawning and incubation

>\

Salmon rearing

>\

Other fish species

>\

Riparian

Recration

A Other aquatic conditions

As habitatspecific models are developed, they will be used to evaluate existing conditions and
the effects of alternative operational scenarios for multiple resources and riverine progesses.
Project operations model witle used to simulate Project inflow, outflow, power generation, and
reservoir pool levels for alternative operational scenarios under a range of hydrologicTyears.
operations model will be used to quantify revenue from power generation based on igleratio
constraints selected for each alternative scendiypes of constraints may include maximum
and minimum instream flow releases, ramping rates, and reservoir |&hase constraints may
be varied within a hydrologic year according to schedules specified for each alternative.
Operations model output may include simulated reservoir elevations, turbine, spill, and total
outflow, as well as hourly stream flow immedigtbelow the powerhouseOutput from the
operations model will be used as input for the downstream habitat métirlsly flows
immediately below the powerhouse will be routed downstream using the mainstemvaipen

flow routing models (seBSPSection8.5.4.3) and Ice Processeadiél (see RSP.6).

Each habitat and riverine processes model can be used to develop large data sets of hourly
habitat conditionsThe DSStype process will be used to focus attention on those attributes that
the TWG believesra highest priority in evaluating the relative desirability of alternative

scenarios with respect to natural resourd®gluation indicators selected for a D&fe matrix
represent a preliminary analysis to identify the most promising scen&iosn dscussion of
alternatives focuses on only a few remaining scenarios, those final scenarios will be evaluated
using the larger data set of habitat indicators to ensure that environmental effects are consistent
with the initial analyses.

The selection oindicator variables will be developed in collaboration with the TWGt

planning purposes, it is assumed that values for each evaluation indicator will be developed and
presented for a range of alternative operational scenarios without rating or coraparat

weighting of various resourceélthough incorporating a relative weighting system similar to

the Yakima River DSS (Bovee et al. 2008) would simplify the evaluation process, reaching
consensus on weighting factors may divert attention from undenmstpadd discussing the
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merits of constituent variable§.able 7.22 represents one option to present Project decision
makers with information on the effects of alternative operational scenarios on resource values.
Development of a DS§/pe process, and gporting software to efficiently process data

analyses, will be initiated in collaboration with the TWG after the initial results of the various
habitat modeling efforts are available in 20Te intent is to prepare the D®#e evaluation
process byaly 2015to assist scenario evaluations in support of the License Application.
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8. TECHNICAL MEMORANDUM T BIOLOGICALLY RELEVANT
PHYSICAL PROCESSES IN THE SUSITNA RIVER

From a riverine ecosystem perspective, flow regime of a given system serves not daly
createand maintain the structure of the habitat (channel morphology) thas defined by the
interaction of flow with the local geology, but also the associated physical processes that can
express themselves in biologically meaningful waysderstandinghoseprocesseand their
linkageto flow regimeis an integral componemthen considering stream flows for fish,
aguatics, and riparian natural resour@specially when considering the effects of flow
regulation. Importantly, suclphysical processesango beyond thostypically defined at the
microhabitat level such akd parameters of depth, velocity and substrate that are part of the
elements comprising HSC.

This TM serves to describe the processes that were identifted Susitha Riveduring the

1980s StHydro studieghat were considered biologically relevanigdéhow those processes may
beinfluenced by flow regulationThis is followed by a brief discussion of how the 2213 4
studies will be addressing these processes.

8.1. Su-Hydro 1980s Studies

A number of biologically relevant physical processes waggtified diring the early 1980Su
Hydro studies of the Susitna Riviecluding groundwater, turbidity, water clarity, ice, and
substrate compositionThese processegere investigated primarily as part of biological studies
to determine their influenaen fish distribution and abundance and salmon egg incubation and
survival. Investigeors concluded relatively earlyn that these factors in addition to, or in
combination with, discharge were important components to fish and aquatic habitat and could be
affected by the proposed hydroelectric development (Trihey 1982, Estes and Bingham 1982).
During late pha®s, thestudies became more focused on acquiring specific information that
could be used in the development oftieam flow modelssee Section 7) Thosestudies

included investigatios of species and lifestage specific HSI models that considered turbidity,
water clarity, and the presence of groundwater upweltag Section 7, Habitat Utilizatiomd
Habitat Suitability Curve Development Studies

8.1.1. Groundwater Upwelling

During the winter of 1981982 Trihey (1982) investigated water temperatures at 13 sites in the
Middle River Segment between RM 125 and RM 143 and compared surface water to intergravel
measurements. These sites were selectedibethey had observations of salmon spawning
earlier in 1981and theywere the firssites evaluated thatiggestdthe importance of

groundwater upwelling to fish species in the Susitna River. Measurements of surface and
intergravel water temperature thiese sites revealed thatergravel temperatures were higher

and more stable than surface water temperaturesKeggre 8.11). Trihey (1982) offered the
following threehypothesesleveloped from his observations:

1. Mid-winter water temperatures in ethsloughs are independent of mainstem water
temperatures.

2. River stage appears to be influencing groundwater upwelling in the sloughs.
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3. Spawning success at upwelling areas in side channels appears to be limited by
availability of suitable substrate (streardbmaterials).

Flow changes can influence the prevalence of groundwater upwelling, which in turn can affect
the rate of survival and development for eggs and aleyimthe Susitna River, Vining et al.

(1985) suggested that upwelling is the single mopbmant feature in maintaining the integrity

of incubation in slough habitat as well as localized areas in side channel hdbyjtatslling and
intergravel flow also play an important role in determining the water quality at redd sites,
particularly withrespect to temperature and dissolved oxygen concentrafitws, increases in
winter discharge and stage that may result from the operation of a hydroelectric prayect

affect upwelling by:

A Decreasing the rate of groundwater upwelling from the adjdlosatplain.

A Diluting relatively warm, stable, upwelling habitats when side channels are breached by
mainstem flow.

A Changing the rate of intergravel flows associated with hydraulic gradients between main
channel and ofthannel habitats.

In addition to themportance to incubating salmon eggs, groundwater inflows to sloughs were
also considered potentially importagoverwintering habitafDugan et al. 1984)Groundwater
upwelling locations were mapped at a huntdfesurvey locations in th®liddle andLower River

as part of the Stlydro Aquatics Studies. Estes and Schmidt (1983, Appendix F) reported the
location of approximately 90 upwelling sites in the Middle River (Fi@ute2). Examples of
upwelling locations at Slough 8A and Slough 21, whichensarmpled as DFH sites during 1982
and sampled during winter studies by Hoffman et al. (1983), are provided in Rgu&t® 8.1-

4,

Intensive winter studies were implemented in March 1983 (Hoffman et al. (1983) anti9ggB4
(Vining et al. 1985; desdyed in the previous section). Hoffman et al. (1983) reported on surface
andintergravel water temperature monitoring at seven sites during the winter of 1982 to 1983
and also conducted incubation and emergences studies. In addition to water temperature,
Hoffman et al. (1983) also monitored dissolved oxygen, pH, and specific conductance levels and
noted the importance of dissolved oxygen exchange as a factor affecting egg incubation.
Continuous surface andtergravel monitoring sites were establishediatsloughs (Sloughs 21,

19, 16B, 11, 9, and 8A) and the mainstem at LRX 29 and Gold Creek. Measurements were
collected from late August 1982 through early June 1983. Sites were chosen because they were
known chum salmon and/or sockeye salmon spawncggitms.

Incubation and emergence studies were conducted at seven sites during the winte#88f 1982
(Sloughs 21, 20, 11, 9 and 8A) and two side channels (A and B located at RM 136.2 and 137.3,
respectively; Hoffman et al. 1983). Standpipes located aanl bank of the selected sloughs
were used to measuirgergravel water temperature and chemistry (10 per bank, 20 total per
location). Sampling at these locations occurred during April 1B tand April 29 to May 2.

Eggs were sampled once per montnirSeptember 1982 through May 1983 usitggh

pressure water jet to dislodge eggs into a mesh sack.

The 19821983 winterstudy (Hoffman et al. 1983) and 19&985 study (Vining et al. 1985)
confirmed patterns of surfacand grounedwvater temperature obsed by Trihey (1982).
Intergravel water temperatures in slough habitats tend to be relatively stable (Hoffman et al.
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1983). Vining et al. (1985) observed similar patterns for sloughs and side channels where
upwelling was present. At tributary and ma@ms sites Vining et al. (198®bserved that

intergravel temperatures were variable and approach 0°C in October, which inthtergavel
waters were originating from surface waters. The continuous monitoring stations demonstrated
intergravel water teqeratures in areas with upwelling were warmer than surface waters during
the ice covered period. As the spring thaw begins (aboutmridlin 1983),intergravel

temperatures then become cooler than surface water temperatures.

Monitoring during three dayin mid-April and four days in laté\pril, 1983, at sites with

standpipes placed along slough banks indicated substantial variability in upwelling water
temperatures with no consistent relationship between right bankfabéhk standpipes at a site
(Hoffman et al. 1983). Averagstergravel temperatures were cooler than surface waters, which
was consistent to the patterns observed from continuous monitoring.

Meanintergravel dissolved oxygen measurements ranged from 4.6 mg/L at Slough 8A during
both sampling periods to 8.5 mg/L at Slough 11 during the first sampling period of 1983
(Hoffman et al. 1983)Intergravel dissolved oxygen was substantially lower than surface water
dissolved oxygen that ranged from a mean of 9.1 mg/L at Slough 21 duringsttsafirpling

period to 11.2 mg/L at Slough 8A during the second sampling period. Measurements of pH were
found to be within suitable levels for batitergravel and surface water. Significant differences
and a significant interactionerefound for specit conductance between sites and between left
and right banks within the sites. Hoffman et al. (1983) concluded that multiple water sources
were the cause of these differences. Vining et al. (1985) observed similar patterns for dissolved
oxygen and pH.For specific conductance, Vining et al. (1985) observed similar patterns in
sloughs; however, specific conductance was lower in tributary sites, which were not studied by
Hoffman et al. (1983), than slough and mainstem sites.

Bigler and Levesque (1985) mitored surface and intergravel water temperature, egg
development, outmigration, and substrate composition at three Lower River side channels where
relatively high levels of chum salmon spawning was documented. The three sites included the
Trapper Creekide channel (RM 91.6), Sunset Side Channel (RM 86.9), and Circular Side
Channel (RM 75.3). Chum salmon surveys and instream flow modeling were also conducted at
these sites. Egg development was also monitored at the Birch Creek Camp Mainstem (RM 88.6)
site and a fyke net deployed for two days in early May 1984.

Similar to Hoffman et al. (1983), Bigler and Levesque (1985) observed that most of these chum
salmon spawning areas had upwelling artergravel temperatures were higher than surface
water tempeatures. In general, eggs developeddhgh the alevin and emergence stage at all
sites. The upper portion of the Sunset Side Channel did not have groundwater upwelling and
eggs laid in this portion of the study site froze.

As described above, substangéfiort was expended to understand groundwater effeets
temperature and dissolved oxygémt are important to salmon egg incubation rates and
survival. The results of these studies led to the developohatternative HSC curves for chum
and pinksalmon spawninthat could beaisedin theinstream flow modelssée Section 7, Habitat
Utilization and Habitat Suitability Curve Development Studlies

Determining overwintering locations and habitat conditions for juvenile salmon addnesh
species wadlifficult during the 1980s because fish captures in general déglthe winter
period. In additionbecause of logisticand safetyconsiderations relatively few sites could be
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sampledn the winter and those were infrequently samplddvertheless, studies concluded that
upwelling in sloughs was an important factor contributing to favorable overwintering habitat for
Chinook and to a lesser extent coho salmon (Roth and Stratton 1985, Stratton 1986). Roth and
Stratton (1985) reported thabung of the year Chinook salmon became more concentrated in
upwelling areas of sloughs as temperatures declined during late September and early October.

8.1.2. Turbid and Clear Water Zones

Typical of glacial fed streams and rivers, the Susitna River is extréarblg during most of the
year(HarzaEbasco 1985) Turbidity, as measured in nepbmetric turbidity units (NTUSs}s a

metric of light penetration which is an important factor affecting primary productivity. Turbidity
in the Susitna River was primaritietermined by levels of inorganic glacial flour suspended in

the water. Glacial water from the Chulitna River, with turbidity measured as high as 1,920 NTU,
is a major contributor of turbidity to the mainstem Susitna River. The maximum turbidity level
measured in the Talkeetna River during 1982 was 272 NTU. Turbidity is affected by the amount
of glacial melt and precipitation in the form of rain. Consequently, turbidity tends to be high in
the summer and low in the winter (HaiZbasco 1985rigure 8.15). Turbidity levels tended to
decline in a downstream direction below the Three Rivers Confluence. Maximum turbidity
measurements at Sunstiand Susitna stations wdr@®56 and 790 NTU, respectively.

Turbidity in side channels and side sloughs wascédd by inflows from clear water tributaries
and groundwater (HarZgbasco 1985). In addition, breaching at the heads of side sloughs or
side channels allowed turbid mainstem water to flow through. When flows were below
breaching levels, turbidity wasilsstantially lower and less variabEidure 8.16).

While turbidity information was collected at fish sampling sites during 1981, the study design for
1982 explicitly considered turbid mainstem water, clear water from tributaries or groundwater,
and mixirg zones, as well as water velocity and how the mainstem river stage influenced
conditions. During 1982, 17 sites referred to as Designated Fish Habitat (DFH) sites were
surveyed twice monthly from June through September during the open water seasam(Estes
Schmidt 1983). Twelve sites were located in the Middle River (Whiskers Creek and Slough to
Portage Creek Mouth) and five were located in the Lower River (Goose Creek and Side Channel
to Birch Creek and Slough; Tables-4.2nd 4.22).

Habitat zones ere delineated within each DFH site based upon the influence of mainstem flow,
tributary flow, and water velocityl@able 8.11; Figure 8.17). Because the zones were based

upon flow characteristics, the size of the zones may have varied from surveyetyp siis part

of the statistical analysis the nine zones were aggregated into Hydraulic and Water Source Zones
(Table 8.12). In addition to statistical tests to determine associations between fish species catch
per unit effort and aggregate hydraulic avater source zones, tests were also run to examine
correlations between catch per unit effort and habitat variables including water temperature,
turbidity, and velocity (Schmidt and Bingham (1983, Appendix E).

Similarly, sampling of Juvenile Anadromoushitat Study (JAHS) sites during 1983 and 1984
occurredn a systematic fashion within grids delineated at eachFEgere 8.18; Dugan et al.
1984, Suchanek et al. 1984a, 1985). Each 6 ft by 30 ft sampling cell was intended to be
relatively homogeneousith respect to temperature, turbidity, depth, velocity, cover and
substrate composition. Cells within a site were then selected such that the full range of
conditions were sampled. Analysis of the fish collections by beach seine and backpack
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electrofishing and the physical factors measured within each cell were used in the development
of habitat suitability curves (HSC) for juvenile salmon species (Suchanek et al. 1984a, 1985; also
see Section 8.1.1.3 Juvenile Salmon Rearing in the Middle Susitna River).

Surveys for juvenile anadromous and resident fish with monitoring of turbidity in areas sampled
led to a number of conclusions regarding the influence of turbid and clear water zones on habitat
utilization. Turbidity was found to be a significant fadtoanalysis of variance of catch rates

for Age 0 Chinook and coho juveniles (Dugan et al. 1984). Chinook juveniles were found to use
relatively turbid water greater than 30 NTU as cover (Dugan et al. 1984, Suchanek et al. 1984a).
In contrast, coho juvelais were found to prefer relatively clear water zones. Nevertheless,
separate HSC for turbid (>30 NTU) and clear water (<30 NTU) were only developed for

Chinook salmon juveniles, because there was insufficient data for coho salmon (Suchenek et al.
1984).

Turbidity was also considered an important factor incorporated into cover HSC for rainbow trout
adult, Arctic grayling adult, round whitefish adult and juveniles, and longnose sucker adult
(Suchanek et al. 1984b). Suchanek et al. (1984b) found thesessptiized cover differently
depending upon whether using turbid or clear water. In general, rainbow trout and Arctic
grayling had higher catch rates in areas with lower turbidity levels while round whitefish and
longnose sucker had higher catch ratemdame turbid areas (Suchanek et al. 1984b). Turbidity
levels were also considered an important factor affecting habitat utilization by burbot, humpback
whitefish, and Dolly Varden (Schmidt and Bingham 1983), but catch rates were insufficient for
developirg HSC (Suchanek et al. 1984b). Adult burbot tended to be more common in turbid
mainstem and mixed water sources. Similar to round whitefish, humpback whitefish were also
more commonly captured in turbid mainstem and mixed water rather than clear waser ar

Dolly Varden were more commonly associated with tributaries and tributary mouths with
relatively low turbidity.

8.1.3. Ice Processes and Open Water Leads

A discussion of ice processes and open water leads was presented as part of RSP Sedtion 7.6 an
is sumnarized hereibecause of thewverall relevance when discussing physical processes. As
noted in Section 7.6¢é affects the Susitna River for approximatsdyenmonths of the year,
between October and MayVhen air and water temperatures drop bel@eZmgin September

and Octoberborderice grows along the banks of the rivand frazil ice begins accumulating in
the water column and flowing downstreafiowing ice eventually clogs the channel in shallow
or constricted reaches, or at tidewater, forming ice bridgeazil pans flowing downstream
accumulateaganst ice bridges, causing the ice cover to progress upstrBgrdanuary much of

the river isunder a stable ice cover, with the exception of persistent open leads corresponding
with warm upwelling water or turbulent, higfelocity flows Flows generally drop slowly
throughout the winter until snowmelt commences in A@ilring April and May, iver stages

rise and the ice cover weakens, eventually breaking into pieces and flushing downR&&am (
19823. Ice jams are recurrent events in some reaches of the Msaverejamscan flood
upstream and adjacent areas, drive ice overbank ceweldrars and into sloughs and side
channelsshearoff or scarriparian vegetation, and threaten infrastructure such as the Alaska
Railroad and riverbank properfR&M 1982a).

Ice processes were documented between the mouth of the Susitha River (RMh@) an
proposed dam site (RM 184) between 1980 and (R&8/ 1981b, 1982h, 1983, 1984, 1985,

Susitna-Watana Hydroelectric Project Alaska Energy Authority
FERC Project No. 14241 Page 139 March 2013



REPORT 2012 INSTREAM FLOW PLANNING STUDY

1986). Winter observations have spanned a range of climatiditions. The freezeup period

of 1985 was unusually cold, with about twice the accumulated freeeiggeedays as the lorg

term averagéR&M 1986), while the freezep period of 1984 was warm (R&M 1989n the

1980s modeling studies, cold, average, and warm conditions were simulated using records from
the winters of 19711972, 19761977, and 19811982, respectively (Harz&basco 1984)The

winter of 19711972 still stands as one of the coldest on record at Talkeetna; however, according
to the Western Regional Climate Data Center, the warmest winter on record occurred in 2002
2003. Both freezeup andbreakup progressiasiwere monitored using aerial reconnaissance
Locations of ice bridges during freemp and ice jams during breaip were recorded each

season.

In addition to its effect on river morphology, riparian function, and sediment tenise

processes influence tlfieezeup ard ice cover on salmon spawning anderwintering habitat
areas.Water levels at certain sloughs in the Middle River and Lower River were monitored

during the winter to determine whether staging during fregzandice cover diverted water

into side channels and sloughs (R&M 1984). Changes in water levels in spawning sloughs and
side channels as a result of ice processes can have adverse effects in several ways (Vining et al.
1985). First, inflows of cold mainstewater into areas with warmer groundwater upwelling can
result in longer incubation times. Secondly, large decreadkesvs relative to flows during

spawning can result in some redds being dewatered and sdletieezing.

Ice processes can also affédte quality of overwinter habitat (Brown et al 2011). For example,
anchor ice can reduce the amount of interstitial space between large cobbles and boulders, which
is used as cover and resting locations by salmonids. Large amounts of frazil icg uiriftie

water column can also cause fish to move location, which can be stressful under low temperature
conditions (Brown et al. 2011).

As part of winter studies, ADF&G mapped the location of open leads. Open leads typically
occurred in areas of groundter upwelling or in areas of relatively high water velocity where
turbulence tends to maintain open areas. Barrett et al. (1985) reported that upwelling, bank
seepage, or open leads were present during the winter 1983 at 10 of 12 mainstem/side channel
sites in the Lower River with chum salmon spawning observed during 1984. Spawning in

sloughs was also associated the presence of upwelling, bank seepage, or open leads as well as the
presence of tributaries (Barrett et al. 1985).

Freezeup and mehout processes in thdiddle River (between Gold Creek and Talkeetna) were
modeled using ICECAL, a numerical model developethkeyUSACE Cold Regions Research

and Engineering Laborator€ RREL) (HarzaEbasco 1984)The model utilizedhe outputs

from a temperature model developed for the river (SNTEMP) and empirical data on frazil
production and iceover progression derived from observatioRepresentative year types were
modeled underdth theproposed 1980¢/atanaonly and Watandevils Canyon operations

including a cold winter (197111972), a very warm winter (1976977), a warm winter (1982

1983), and an average winter (198282). The results of the model included predictions of the
extent of ice covethe timing of icecoverprogressionice surface elevationand the inundated
areabeneattthe ice cover for selected cressctions The elevation of water flowing beneath

the ice was compared to the elevation necessary to overtop slough berms at selected fish habitat
study aeas in the Middle River in order to assess the impacts of Project operation on winter flow
in these sloughsEmpirical data on frazil production and icever progression was used to
estimate changes in i®ver progressiobhetween tidewater antalkeetra. Reservoir ice was
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simulated using a DYRESM model and calibrated to conditions at Eklutna Lake {Elzagao
1986).

Key findings of the 1980s modeling effort included the following (for the Wateuha
scenarios):

A The open water reach would likely exte44 57 miles downstream of the dam site.

A Ice thicknesses were generally similar under project conditions, where ice was predicted
to occur.

A Winter water surface elevations under ice would ibéf2et higher under project
conditions, and would result ih¢ flooding of some sloughs with mainstem water in the
Middle River without mitigation.

A Freezeup would be delayed byi 8 weeks in the fall, and ieeut would occur 57 weeks
earlier in the spring.

A Ice jams during breakp would be reduced in severity pgsbject because of the
regulation of spring snowmelt flows.

8.1.4. Substrate Composition

Substrate composition is determined primarily by geomorphic processes that acdatseof
dynamic equilibrium with the upstream water and sediment supply by adjustingltlgsical
characteristics to the imposed conditions (Chorley.dt%84; Lane 1955)These physical
characteristics, that include gradient, channel geometry, plajdoigrboundary materials
(stream bed and bank$prm the habitat that is used by thguatic and riparian organisms, and
they occur and adjust at a variety of spatial and temporal scales.

Substrate composition is an important factor contributing to quality of spawning, rearing, and
overwintering habitat quality (Bjornn and Reiser 199Dring the 1980s S#lydro studies
substrateeomposition was typically described as part of characterizing the physical environment
at sampling sites. Species and life stage specific suitability of substrate can be described and
incorporated into instreaffow modeling. Habitat suitability curves (HSC) development and
collectionof substrate composition data at instream flow modeling sites was in important part of
the 1980s StHydro studiegsee Section 7, Habitat Utilizatiomd Habitat Suitability Curve
Development Studigs

In addition, substrate composition, and more specifically the level of fines (particles less than
0.08 inches in diameter), were studied as part of chum and sockeye egg incubation studies (e.g.,
Vining et al. 1985). The presenceeaxicessive amounts of fines may result primarily in two

types of adverse effects (Bjornn and Reiser 1991). The first is that fines can reduce the amount
of intergravel flow such that eggs do not receive sufficient oxygen and that waste products are
not renoved from the redd. The second is that influxes of fines during incubation can entomb a
redd and prevent alevins from emerging. Vining et al. (1985) observed that slough habitats had
the highest level of fines, followed by side channel, tributary, andstesn habitatsHigure 8.1

9). However, sediment composition sampled directly from redds were much Eigerg 8.1

10). The difference in the amount of fines between redd samples and overall can be at least
partially explained by the redd digging pess by salmon females which can remove substantial
amounts of fines (Bjornn and Reiser 1991). Vining et al. (1985) suggested that egg survival at
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Susitna River study sites approached zero when fines (< 0.08 inches in diameter) in redds
exceeded 16 perce(figure 8.1Figure8.1-11).

One of the early conclusions from the surveys conducted during 1981 and 1982 was that little to
no salmon spawning occurred in the main channel habitats because of high water vehakities a
unsuitable spawning substrate. Mainstem substrates generally consisted of boulder and cobble
size materials with interstitial spaces filled with a gritkeé mixture of small gravels and glacial
sands (Estes and Schmidt 1983). In contrast, the motecped side channels and side sloughs
often included smaller substratthat wereccasionally disturbed during high flow events that
breached berms at the head of the channel or slough. In addition, many side channels and
sloughs had upwelling from hygeeic or groundwater sources that provided more stable and
higher temperatures during egg incubation than mainstem whi#m@an et al. 1983

Fines can also adversely affect overwintering habitat for juvenile salmon. As temperatures cool
during the latdall and winter, salmonids tend to use areas with low water velocity such as deep
pools, high levels of cover such as large woody debris or coarse substrate (large cobble and
boulders), and areas with upwelling (Brown et al. 2011). High levels of fare8licthe

interstitial spaces between coarse substrate which reduces the amount of available habitat and
can reduce upwelling groundwater (Vining etl&5).

8.2. Susitna-Watana 2013-2014 Studies

In terms of the 2012014 studiesessentially all of the paesses identified during the 1980s
studies and described above (eggoundwaterupwelling,intergravel water temperature, water
turbidity and water clarity, ice processes, and substrate composvilbbg evaluated as part of
one or more of the proped studies In addition, several other processes that were not explicitly
studied or that were not studied in any detaiing the 1980will also be evaluated. These
includedetailed fluvial geomorphology studies/processes RSP 6.5 and 6.6), stuslief large
woody debris recruitmensgée RSP 6.5.4.9) and an extensive evaluation of riparian community
processes and interactions with flowwsg RSP 8.6).
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Table 2.1-1. Types of instream flow and fish related studies conducted as part of the $iydro Fish and Aquatics Study Program during 1981 to 1986.

Year

Adult Anadromous Studies

Resident and Juvenile Studies

Aquatic Habitat Studies

1981

Mainstem escapement tong (gillnet,
electrofishing, fishwheel, and sonar sampling]
tracking, run timing, age and length, sex ratio
and foot spawning surveys between Cook Inlq
Devils Canyon plus the Yentna River and sel¢
tributaries (ADF&G H)81

Resdent fish distribution, abundance, age, lern
sex composition, and floy tagging from Cook
Devils Canyon (Delaney et al. 1981a) and up
of Devils Canyon (Delaney et al. 1981b);

Juvenile anadromous winter and summer dist
abundancege, and length (Delaney et al. 198

Measurement of physical parameters includin
hydrology (flow), hydraulics (water stage and
velocity), water quality, and morphologic map
selected sites (Estes et al. 1981).

1982

Mainstem escapenmohitoring (fishwheels, so
downstream of Devils Canyon, tagging, radio
tracking, run timing, age composition, fecundi
aerial and foot spawning surveys, eulachon a
Bering cisco spawning surveys (ADF&G 1983

Chum and sockeye egg incubatiomegcvel
water monitoring in the Middle River (Hoffmai
1983);

Distribution and abundance of resident fish af
juvenile salmon downstream of Devils Canyo
tracking of resident fish, emergence and outn
of juvenile salmon, food habitfusenile salmon
(Schmidt et al. (1983);

Distribution and abundance of resident fish uj
of Devils Canyon, tributary habitat, passage 4
and fish distribution/abundance, lake habitat
distribution (Sautner and Stratton 1983).

Charagtrization of spawning and rearing habit
anadromous and resident fish (Estes and Sch
1983);

Slough hydrogeology (Burgess 1983);

Side slough access by spawning salmon (Tril
1982);

1983

Mainstem escapement monitoring (fishwheels
downseram of Devils Canyon, tagging, run tim
age composition, fecundity, aerial and foot sp|
surveys, eulachon and Bering cisco spawning
surveys (Barrett et al. 1984).

Outmigration of juvenile salmon upstream of
Talkeetna, distribution and abundgucerulie
salmon upstream of Talkeetna (Schmidt et al
1984a);

Temperature effects on chum and sockeye s§
egg development (Wangaard and Burger 198

Access and transmission corridor aquatic stu

(Schmidt et al. 1984b)

Collection of hydrologic anergaality informati
and information needed for modeling adult sa|
spawning habitat and access into selected sl
used for spawning (Sautner et al. 1984);

Juvenile salmon and resident fish rearing suit
criteria and habitat modeling (Sdatrald 1984a);

Assessment of access into Indian and Portag
creeks by spawning salmon (Trihey 1983).
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Year Adult Anadromous Studies Resident and Juvenile Studies Aquatic Habitat Studies
Mainstem escapement monitoring (fishwheeldy Migration and growth of juvenile salmon (Rotlf Collection of hydrologic and water quality infoj
downstream of Devils Canyon, tagging, run ti{ Stratton 1985); and information needed for modeling spawnir
age composition, aerial and foot spaunviegs rearing flow:habitat relationships (Quaneg®)a
(Barrett et al. 1985). Abundance and distribution of juvenile salmo
(Suchanek et al. 1985); Instream flow relationships for juvenile salmo
(Suchanek et al. 1985);
Abundance, distribution, andtradiang of
resident fish in the lower Middle(Rinetet and | Access of spawning salmon into tributaries
Pechek 1985); downstream of Talkeetna (Ashton and Trihey
1984
Invertebrate food sources for Chinook salmor] Chum spawning habitat in the Lower River in
juveniles (Hansen and Richards 1985). flow model development (Bigldrearesque 1984
Water quality monitoring and chum egg incub
study in the lower Middle River (Vining et al. 1
Inegravel water temperature, substnagositior
chum spawning habitat, and egg incubation i
Lower River (Bigler and Levesque 1985)
Mainstem escapement monitoring (fishwheel{ Winter distributiorbafbot and rainbow trout Characterization of aquatic habitats in the low
downstream of Devils Canyon, tagging, run ti| (Sundet 1986); Middle River (Aaserude et al. 1985);
age composition, aerial and foot spawning su
(Thompson et al. 1986); Winter distribution, abundance, movement, al Juvenile Chinook salmon instream flow mode
length of juvenile Chinook and coho salmon (| (Steward et al. 1985);
Summary of fishery data (Hoffman 1985). 1986);
Response of waseirface area to discharge in t
1985 Migration and growth of juvenile salmon (Rotll Yentna to Talkeetna Reach (Ashton and Kling
1986). Kingsley 1985) and Talkeetna to Devils Cany
Reach (Klinger Kingsley et al. 1985).
Preliminary results of primary productivity and Development of quantitative relationships reg
macroinvertebrate monitoring in the Susitna g the influences of incremental chargjesaimflow,
Kasilof rivers (Wilson 1985), stream temperature and water quality on fish
in the Middle River (Trihey and Associates an
1985).
1986 No field, laboratory, or desktop studies. No field, laboratory, or desktop studies. Chum salmon spawning instreamdld&ling
(Trihey and Hilliard 1986).
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Table 3.1-1. Designated Fish Habitat Sites surveyed June through September 19&aurce: Estes and Schmidt (1983).
Reach Site Historic River Mile
GOOSE CREEK 2 AND SIDE CHANNEL 73.1
WHITEFISH SLOUGH 78.7
Lower River RABIDEUX CREEK AND SLOUGH 83.1
SUNSHINE CREEK AND SIDE CHANNEL 85.7
BIRCH CREEK AND SLOUGH 88.4
WHISKERS CREEK AND SLOUGH 101.2
SLOUGH 6A 112.3
LANE CREEK AND SLOUGH 8 113.6
SLOUGH 8A 125.3
SLOUGH 9 129.2
Middle River 4hOF JULY CREBKOUTH 131.1
SLOUGH 11 135.3
INDIANRIVER MOUTH 138.6
SLOUGH 19 140.0
SLOUGH 20 140.1
SLOUGH 21 142.0
PORTAGE CREEKOUTH 148.8
Table 3.12. Description of habitat zones sampled at Designated Fish Habitat Sites: June through September 1982 (From
Estes and Schmidt 1983).
Zone Codk Description
1 Areas with a tributary or ground water source which are not influenced by mainstem stage anc
have a significaatirface water velocity.
2 Areas with a tributary or ground water source which have né apgeaciatéder velocity as a result
hydraulic barrier created at the mouth of a tributary or slough by mainstem stage.
3 Areas of significant surface water velocities, primarily influenced by the mainstem, where tribu
water mixes wittetmainstem water.
4 Areas of significant water surface velocities which are located in a slough or side channel abo
confluence (or in a slough where no tributary is present) when the slough head is open.
5 Areas of significant water suvialocities which are located in at slough or side channel below a t
confluence when the slough head is open.
Backwater areas with no appreciable surface water velocities which result from a hydraulic ba
6 mainstem stage whictuoat a slough or side channel above a tributary confluence (or in a sloug
channel where no tributary is present), when the head of the slough is open.
Backwater areas with no appreciable surface water velocities which result foamier fyydedatichy
7 mainstem stage which occur in a slough or side channel below a tributary confluence, when th
slough is open.
8 Backwater areas consisting of mainstem eddies.
9 A pool with no appreciable surface water surface vettcitesered by a geomorphological featu
freeflowing zone or from a hydraulic barrier created by a tributary; not created as a result of m
Notes:

1 ASignificanto and fAappreciabl e0d s uO5sfit/aec.eHoweeet,thare vel oci t

are sitespecific exceptions to this, based on local morphology.
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Table 3.1-3. Aggregate Hydraulic (H), Water Source (W) and Velocity (V) zonesSource: Estes and Schmidt (1983),
Schmidt et al. (1983).

Aggregate Zone HabitaZone Included Definition
HH 1,4,5,9 not backed up by mainstem
HHI 2,6,7,8 backed up by mainstem
H 3 mainstem
WA 1,2 tributary water and/or ground water only
WA 4, 6, 8, sometimes 3 mainstem water only
WA 5, 7, sometimes 3 mixedvater sources
V-1 1,3,45 Fast water
V-t 2,6,7,8,9 Slow water
Notes:

1 The habitat zones included in aggregate zonés™l V-1l were not provided in the source documents. Zone
descriptions were used to classify which zones were fast anwdislter.
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Table 3.1:4. JAHS sample sites for the AJ and AH components of the Aquatic Studies Program during 1983
and 1984.

1983/1984 Sampling
Fish
Macre | Distri RJHAB IFIM 1982 | 1982| 1981
River | habitat | bution | Modeling | Modeling| DFH | SFH| Sample
Site Mile Typé Site Site Site Site | Site Site
Eagles Nest Side Chahnel 36.2 SC X X
Hooligan Side Chadnel 36.2 SC X X
Kroto Slough Head 36.3 SS X X
Rolly Creek Mouth 39.0 T X X X
Bear Bait Side Channel 42.9 SC X X
Last Chance Si@&annel 44.4 SC X X
Rustic Wilderness Side Chan| 59.5 SC X X
Caswell Creek Mduth 63.0 T X X X X
Island Side Channel 63.2 SC X X X
Mainstem West Bank 74.4 SC X X
Goose 2 Side Channel 74.8 SC X X X
Circular Side Channel 75.3 SC X X
Sauna Side Channel 79.8 SC X X
Sucker Side Chaginel 84.8 SC X X
Beaver Dam Sloégh 86.3 T X X
Beaver Dam Side Channel 86.3 SC X X
Sunset Side Charinel 86.9 SC X X
Sunrise Side Chadnel 87.0 SC X X
Birch Slough 89.4 T X X X X
Trapper Creek Side Channel| 91.6 SC X X X
Whiskers Creek Slough 101.2 | SS/sC X X X X
Whiskers Creek 101.2 T X X X
Slough 3B 101.4 SS X
Mainstem at head of Whisker 101.4
Creek Slough ' SC X
Chase Creek 106.9 T X X
Slough 5 107.6 us X X
Oxbow | 110.0 | SC/SS X
Slough 6A 112.3 us X X X X
Mainstem above Slough 6A | 112.4 SC X
Lane Creék 113.6 T X X X
Slough 8 113.6 SS X X X
Mainstem I 114.4 | SC/SS X X
Lower McKenzie Creek 116.2 T X X
Upper McKenzie Creek 116.7 T X X
Side Channel below Curry 117.8 SC X
OxbowAl 119.3 | SC/SS X
Slough 8A 125.3 SS X X X
Side Channel 10A 127.1 SC X X
Slough 9 129.2 | SS/sC X X X
Slough/Side Channel 10 133.8 | SC/SS X X X X
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1983/1984 Sampling
Fish
Macre | Distri RJHAB IFIM 1982 | 1982| 1981
River | habitat | bution | Modeling | Modeling| DFH | SFH| Sample
Site Mile Typé Site Site Site Site | Site Site
Lower Side Channél 11 134.6 SC X X
Slough 11 135.3 SS X X X
Upper Side Channel 11 136.2 SC X X
Indian Rivavouth 138.6 T X X X
Indian RivérRM 10.1 138.6 T X
Slough ¥9 140.0 us X X
Slough 20 140.1 | SS/sC X X X
SideChannel 21 140.6 SC X
Slough 21 142.0 | SS/SC X X
Slough 22 144.3 | SS/SC X X
Jack Long Creek 144.5 T X X
Portage Creek Mouth 148.8 T X X X
Portage Creek TRM 4.2 148.8 T X
Portage Creek TRM 8.0 148.8 T X

Notes:

1 Sitesfrom RM 36.2 to RM 91.6 were sampled in 1984 (Suchanek et al. 1985). Sites from RM 101.2 to 148.8

were sampled in 1983 (Dugan et al. 1984).

2 T7 Tributary
UST Upland Slough
SSi Side Slough
SCi Side Channel

3 Located within representative side chanmeslough complexes mapped by AshamdKlinger-Kingsley

(1985).

4  Sites sampled less than 3 times in 1983.
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Table 3.31. Locations, descriptions and selection rationale dfnal Focus Areas for detailed study in the Middle River Segment of the Susitna RiveFocus Areaidentification numbers (e.g.Focus Areal84) represent thetruncated Project River Mile (PRM) at the downstreamend
of eachFocus Area

Habitat Types Present

(]
o | =
. = a
Location (PRM a9 < . | 3 |Fishusein Instream Flow
2|9 || 2 o | & 1980s Studies in 19809
IS c c et o = S I
@ clecs|lecs|=2|2|2]|a9a
= o s | 8| s| =S| 2|l O =)
@ = S| sl < g8 N = )
o [z Area | Q| Q|0 | 8| | B | c| £ £ o | 2
) = g c c o > o I > ; — < <
Focus Common Geomorphic| & 3 length | 3 | 3|5 |2 |||l 8| 8| F|o| |35
Area ID Name Description Reach 2 ) (mi) = | =2 |0|F|®|D|o]|®n o L o @ | Rationale for Selection
Focus Area approximately 1.4 . . .
. Focus Ares84 length comprises 50% ef MBRch length (2 miles long) and contains §
igza Watana Dam g;g(laesdownstream of dan MR1 185.7| 184.7 1.0 X X X N/A| N/A|[ N/A| N/A| N/A main channel and side channel habitat present in this reach.
. Focus Areha73 contains a complex of main channektaadmdf habitats within wide
Focus | Stephan Lake] Wide channel near . . oo ; .
Area | Complex Stephan Lake with MR2 175.4| 1736| 18 | X X | x| x N/A| Na| Na| Na| nja | floodplain. Represents greatest channel complexityavitRiealtiRMRis 15.5 miles lon
) and channel is generally straight with few side channels and odptenatédib-82main
173 Channel complex of side channe :
channel widths).
Focus Area with single side The single main channel with wide bars, single side channel and moderate floodp
Area | Siotle Chann| Chanel and vegetated | MR2 | 1730 1716 | 14 | X || X | X A | A | NIA [ A | A | aht with few Sice channels and moderate flood gammmickadel
171 P island near Stephan Lal \?vidths) y 9
Focus Sinale channel area at Focus Areabl is a single main channel and thus representative of the confinéd Re
Area Portage Creel 9 MR5 152.3| 151.8 0.5 X X X X Portage Creek is a printrésytary of the Middle Segment and the confluence suppori
151 Portage Creek confluen use
Side channel and side Focus Aredd4 contains a wide range of main channetizusheff habitats, which are
,'f\(r)g;s Side Channel | slough complex MR6 1457 | 144.4 13 x| x| x| x| x X X X X common features of Reactt M&de Channel 21 is a primary salmon spawning area
144 21 approximately 2.3 miles ' ' ' MR6 is 26 miles long (30% of Middle Segment length) and is chamutieleziodalplain
upstream Indian River and complex channel morphology with frequent channel splits and side channels.
Focus Area covering Indian Ril Focus Areadl includes the Indian River confluence, which is a primary Middle Sug
Area Indian River | and upstream channel MR6 143.4| 141.8 1.6 X X | X X X X X X X trlbutaryz and a range of main _channelcr—.traiméﬂ habitats. Chgnnel and habl?at type
141 complex present in Focus Allgd are typical of complex Rgaéh MiRyh fighse of _the In.dlan Riv¢
mouth has been documented and DIHAB modeling was performed in main chann
. The Focus Ard@8primary feature is a complex of side channel, side slough and up
Focus Channel complex includ habitats, each of which support high adult and juvenile fish use. Complex channe
Area | Gold Creek | Side Channel 11 and MR6 1400| 1387 13 | X | X | X X | x| x| x| x| X ’ . pport g juven ' piex
Focus Area38 is characteristic of Reach.MRG modeling was performed ohaiteel
138 Slough 11 habitats
Focus Channel complex includ Focus Ared28 consists of side channel, side slough and tributary confluence habit
Area Skull Creek Slough 8A and Skull Cr¢ MR6 1297 1281 16 <1 x | x| x| x X X X X that are ch_aracterlstlc of the braldédek&l@_h. Side channel and side slopgh_ habitats
Complex . high juvenile and adult fish use and habitat modeling was completed in side chanr
128 side channel .
slough habitats.
Focus Area 0.6 mileewnstrean Focus Areal5 contains side channel and upland slough habitats that are represen
Area | Lane Creek | of Lane Creek, including ~ MR7 1165| 1153 12 | x| x | x X | x X | x x | /- Reach MRis a narrow reach with few braided channel biihitatisSIough 6A is a
3 primary habitat for juvenile fish and habitat modeling was done in side channel an
115 Upland Slough 6A areas
Focus Whiskers Focus Ares04 contairdiverse range of habitat, which is characteristic of the braide
Area Whiskers Slough Comp MR8 106.0 | 104.8 1.2 X[ X[ X | X | X ]| X X X X X X | unconfined Reach-BIRFocus Ard®4 habitats support juvenile and adult fish use an
Slough . . L .
104 range of habitat modeling methods were used in side channel and side slough arg
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Table 4.2-1. Deployment of fishwheel (F) and sonar stations (S) frorh981 to 1985Sources: ADF&G (1982, ADF&G (19831, Barrett et al. (1984, Barrett et al. (1985,
Thompson et al.(1986.

1981 1982 1983 1984 1985
Period of Period of Period of Period of Period of

Station River Mile] Gear Operation Gear Operation Gear Operation Gear Operation Gear Operation
Flathorn Statio 22 4F 6/29t0 9/3 | 4R6F 5/26 to 9/3
Susitna Statior]  26.7 2F,2S| 6/27t09/2 | 2F, 2S 7/1to 9/5
Yentna Station 28, TRM| 2F, 2S| 6/29t09/7 | 2F,2S| 6/27t09/5 | 2F,2S| 6/30t09/5 | 2F, 2S 7/1to 9/5

04

Sunshine 80 4F, 2S| 6/23t09/15| 4F,2S| 6/41td0/1 4F 6/3 to 9/11 4F 6/4 to 9/10 4F 6/3 to 9/10
Station
Talkeetna 103 4F, 2S| 6/22t09/15| 4F,2S| 6/5t09/14 4F 6/7 to 9/12 4F 6/3 to 9/11
Station
Curry Station 120 2F 6/15 to 9/21 2F 6/9 to 9/18 2F 6/9 to 9/14 2F 6/9 to 9/14 2F 6/10 to 9/12
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Table 4.1-2. Number of fish radio-tagged by year in the Middle Susitna River (MR) and Lower Susitna River (LR).
Source: ADR& G (1981), ADF&G (1983a), Schmidt et al. (1983), Sundet and Weger (1984), Sundet and Pechek (1985),

Sundet(1986).

Species 1981 1982 1983 1984
Chinook salmon 1671 MR 1671 MR
Coho salmon 101 MR 161 MR
Chum salmon 111 MR 181 MR

Rainbow trout 5T LR 291 MR 361 LR

131 MR

Burbot 51 LR 47 MR 147 LR

3i MR

Arctic mayling 67 MR

1. Theposition of three raidigged burbot were reported in Sundet and Pechek (1985), but the number t
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Table 4.1-3. Deployment ofincline plane trapsfrom 1982 to 1985. Stations with two traps had one each river bank. S=Stationary, M=MobileSources: Schmidt et al.
(1983), Roth et al. (1984), Roth an8tratton (1985), Roth et al. (1986)

1982 1983 1984 1985
River No. Period of No. Period of No. Period of No. Period of
Station Mile Traps Operation Traps Operation Traps Operation Traps Operation
Flathorn Station 22.4 1S 5/20 to 10/1 2S 5/27 to 9/23
1M 7/12 t®/13 1M 6/6 to 8/24
Talkeetna Station | 103.0 1S 6/18 to 10/12 2S 5/18 to 8/30 2S 5/14 to 10/6 1S 5/27 to 10/12
Susitna-Watana Hydroelectric Project Alaska Energy Authority
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Table 4.21. Sites sampled in the Middle Susitna River 1981 to 198Boes not includedselected habitat sites (SFH) sampled during 1981 and 198®lacrohabitat type
was not reported for all sites. Source: Delaney et al. (1981 Schmidt et al. (1983), Schmidt et al. 1984, Suchanek et al. (1985), Sundet and Pechek (1985), Sundet (1986),

Stratton (1986).

1984 1985
JA
Macre 1981 1982 1983 Tagging/ JA
habitat Habitat DFH JAHS Marking | Resident Sampling
Site RM Type Locations Site Site Site Fish JAHS Site
Whiskers Creek Slough 101.2 SS/SC X X X X
Whiskers Creek 101.2 T X X X
Slougt3B 101.4 SS X
Mainstem at head of Whiskel 101.4 SC X
Creek Slough
Chase Creek 106.9 T X
Slough 5 107.6 us X
Oxbow | 110 SC/SS X
Slough 6A 112.3 usS X X X X X
Mainstem above Slough 6A 112.4 SC X
Lane Creek 113.6 T X X X X
Slough 8 113.6 SS X X
Mainstem Il 114.4 SC/SS X X
Lower McKenzie Creek 116.2 T X
Upper McKenzie Creek 116.7 T X
Side Channel below Curry 117.8 SC X
Oxbow I 119.3 SC/SS X
Mainstem Susith&urry 120.7 X
Susitna Side Channel 121.6 X
Slough 8B 122.2 X
Moose Slough 123.5 X
Mainstem Susith&ravel Bar 123.8 X
Skull Creek 124.7 X
Slough 8A 125.3 SS X X X X X X
Side Channel 10A 127.1 SC X X
Slough 9 129.2 SS/SC X X X
Fourth of July Crédidouth 131.1 X X X
Slough 9A 133.6 X
Slough/Side Channel 10 133.8 SC/SS X X X X
Lower Side Channel 11 134.6 SC X
Slough 11 135.3 SS X X X X
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1984 1985
JA
Macre 1981 1982 1983 Tagging/ JA
habitat Habitat DFH JAHS Marking | Resident Sampling
Site RM Type Locations Site Site Site Fish JAHS Site
Slough 14 135.9 X
UppefSide Channel 11 136.2 SC X X
Mainstem Susitna Gold Cree 136.9 X
Slough 15 137.2 X
Slough 16 137.7 X
Mainstem West Bank 137.3t0138.3 X
Indian RivérMouth 138.6 T X X X X X
Indian RivérTRM 1.9 138.6 X
Indian RivérTRM 2.3 138.6 X
Indian RivérTRM 10.1 138.6 T X
Indian RivérTRM 11.9 138.6 X
Indian River TRM 0.0 to 12.3 138.6 X X
Slough 17 138.9 X
Slough 19 140 us X X X X
Slough 20 140.1 SS/SC X X X X X X
Side Channel 21 X
Slough 21 142 SS/SC X X X
Anna Creek Slough 143.2 X
Slough 22 144.3 SS/SC X X X
Jack Long Creek 144.5 T X X
Mainstem Susithésland 146.9 X
Mainstem 147.0 to 148.0 X
Portage Creek Mouth 148.8 T X X X X X
Portage Creek TRM 4.2 148.8 T X
Portage Creek TRM 8.0 148.8 T X
Mainstem Eddy 150.1 X
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Table 4.22. Sites sampled in the Lower Susitna River 1981 to 1984oes not included selected habitat sites (SFH) sampled during 1981 and 198Racrohabitat type
was not reported for all sites. Source: Delaney et al. (1981 Schmidt et al. (1983), Schmidt et a[1984, Suchanek et al. (1985), Sundet and Pechek (198Sundet
(1986), Stratton (1986).

1984
JA
Macre 1981 1982 1983 Tagging/
habitat Habitat DFH JAHS Marking | Resident
Site RM Type Locations Site Site Site Fish JAHS

Alexander Creek 10.1 X
Anderson Creek 23.8 X
Kroto Slough Mouth 30.1 X
Mainstem Susitna Slough 31.0 X

Eagles Nest Side Channel 36.2 SC X

Hooligan Side Channel 36.2 SC X

Kroto Slough Head 36.3 SS X
Mid Kroto Slough 36.3 X

Rolly Creek Mouth 39.0 T X
Deshka River 40.6 X

Bear Bait Side Channel 42.9 SC X
Delta Islands 44.0 X

Last Chance Side Channel 44 .4 SC X
Little Willow Creek 50.5 X
Rustic Wilderness 58.1 X

Rustic Wilderness Side Chani 59.5 SC X
Kashwitna River 61.0 X

Caswell Creek Mouth 63.0 T X X

Island Side Channel 63.2 SC X
Slough West Bank 65.6 X
Sheep Creek Slough 66.1 X
Goose Creek 72.0& 73.1 X

Mainstem West Bank 74.4 SC X X

Goose 2 Side Channel 74.8 SC X X

Circulaide Channel 75.3 SC X
Montana Creek 77.0 X

Sauna Side Channel 79.8 SC X

Rabideaux Creek and Sloug| 83.1 X

Mainstem 1 84.0 X

Sucker Side Channel 84.8 SC X
Sunshine Creek 85.7 X
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1984
JA
Macre 1981 1982 1983 Tagging/
habitat Habitat DFH JAHS Marking | Resident
Site RM Type Locations Site Site Site Fish JAHS
Sunshine Creek and &itlannel 85.7 X
Beaver Dam Slough 86.3 T X
Beaver Dam Side Channel 86.3 SC X
Sunset Side Channel 86.9 SC X
Sunrise Side Channel 87.0 SC X
Birch Creek Slough 88.4 X
Birch Creek 89.2 T X X
Birch Creek and Slough 88.4 X
Trapper Creek Side Channe 91.6 SC X
Whitefish Slough 78.7 X
Cache Creek Slough 95.5 X
Cache Creek 96.0 X
Susitna-Watana Hydroelectric Project Alaska Energy Authority

FERC Project No. 14241 Page 171 March 2013



REPORT

2012 INSTREAM FLOW PLANNING STUDY

Table 4.31. Fish community in the Susitna River drainage.Source: Jennings (1985), Delaney et g[1981b).

Susitha River Segment
Middle Rivér
Common Name Scientific Name Lower Lower Upper Upper Tributaries Lakes
Arctic grayling Thymallus arcticus X X X X X
Dolly Varden Salvelinus malma X X X X X
Humpback whitefish Coregonus pidschian X X X
Round whitefish Prosopium cylindraceum X X X X X
Burbot Lota lota X X X X
Longnose sucker Catostomus catostomus X X X X X
Sculpif Cottid X X X X X
Eulachon Thaleichthys pacificus X
Bering cisco Coregonus laurettae X
Threespine stickleback Gasterosteus aculeatus X X X
Ninespine stickleback Pungitius pungitius X
Arctic lamprey Lethenteron japonicum X X X
Chinook salmon Oncorhynchus tshawytscha X X X X X
Coho salmon Oncorhynchus kisutch X X X
Chunsalmon Oncorhynchus keta X X X
Pink salmon Oncorhynchus gorbuscha X X X
Sockeye salmon Oncorhynchus nerka X X X
Rainbow trout Oncorhynchus mykiss X X X
Northern pike Esox lucius X ? X X
Lake trout Salvelinus namaycush X X
Notes:

1 The Lower Middle River is from the confluence of the Chulitna River to Devils Canyon. Upper Middle River is from Dewl$oGheeproposed Watana
Dam Site.

2 Sculpin primarily include slimy sculpirC( cognatuy but may also include coastrange scul@naleuticu}, sharpnose sculpitC( acuticepy Pacific
staghorn sculpinleptocottus armatgsand possibly others.
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Table4.32. 1 nf or mati on from Buckwalter (2011) Synopsis of ADF&G6s Upper Susitna Drains

Number of

Stream RiverMile Date Lifestage Fish Method Reference
AboveDevils CanyofRM 152)
Fog Creek 176.7 8/1/2003 adults 2 helicopter/foot Buckwalter 2011, AWC Survey ID: FSS03USUO01
Tsusena Creek 181.3 8/1/2003 adults 1 helicopter/foot Buckwalter 2011, ABivey ID: FSS03USU02
Fog Creek 176.7 8/13/200] juveniles 5 electrofishing Buckwalter 2011, AWC Survey ID: FSS0305A01
Fog Creek Trib 176.7 8/6/201] juveniles 8 electrofishing Buckwalter 2011, AWC Survey ID: FSS1104c01
Fog Creek 176.7 8/6/2011 redds Survey ID: FSS1104B01
Above Watana Dam Site (RM 184)
Kosina Creek 201 8/14/200] juveniles 1 electrofishing Buckwalter 2011, AWC Survey ID: FSS0306A01
Oshetna River 225 8/14/200] juveniles 3 electrofishing Buckwalter 2011, AWC Survey ID: FSS0306A05
Kosina Creek 201 8/15/200] juveniles 2 electrofishing Buckwalter 2011, AWC Survey ID: FSS0307A06
Kosina Creek 201 7/27/201] adults 1 helicopter/foot Buckwalter 2011, Survey ID: FSS1101G04
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Table 4.3 3. Estimated Arctic grayling population sizes in tributaries to the upperMiddle and Upper Susitha
River during 1981 and 1982Source: Delaney et al. (1981b), Sautner and Stratton (1983).

1981 1982
95%
Point Estimatg Confidence Intervd Point Estimatg Point Estimate
Stream River Milg) (fish) (fish) (fish) (fish/mile)
Oshetna River 233.4 2,017 1,5252,976 2,426 1,103
GooseCreek 224.9 1,327 1,0161,913 949 791
Jay Creek 203.9 1,089 8681,462 1,592 455
Kosina Creek 202.4 2,787 2,2283,720 5,544 1,232
Watana Creek 190.4 3,925 324
Deadman Creek 186.7 979 6042,575 734 1,835
Tsusena Creek 181.3 1,000 7431,530
FogCreek 176.7 176 115369 440
Upper Susitna Riv 10,279 9,19411,654 16,3486

Notes:
1 Fish densities were not reported for 1981. Confidence intervals were not reported for 1982.
2 Total of point estimates from 1982 plus 1981 point estimateEdasena and Fog creeks.
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Table 4.34. Chinook salmon escapement survey results from 1982 1885 upstream of RM 152. Surveys conducted by helicopteBource: ADF&G (19831), Barrett et
al. (1984), Barrett et al. (1985 Thompson et al. (1986).

1982 1983 1984 1985

o[ 5]5] Sel2]_515] So 2]w515] 8. |2]25]5] 8

= S Lo = | o Qo = S Qo = S Qo

5| 20|38 |x88|5 /83|38 | <38|5|8|38| 238 |5| 23|38 |g3%

L | 8% | ¥ |<32 | T | 8% | ¥ | <32 | |83%|% <5 L | 8% || <3%

# | Qo | o oW | x| Qo | o oW | 4 | Bo | o ou 3 0o o} ou

Stream o o 2] o o 2] o o 2] o o n

Cheechako Cr| 9 | 6-Aug| 16 | 589/314| 2 1-Aug | 25 | 1450/111| 7 1-Aug | 29 | 2748/60,506 11 | 24Jul | 18 | 3412/127
Chinook Cr 5 | 6Aug| 5 589/314| 2 1-Aug | 8 1450/111| 7 1-Aug | 15 | 2748/60,506 11 | 23Aug | 1 3412/128
Devil Cr 5 0 589/314| 1 T-Aug | 1 1450/111| 6 0 2748/60,504 11 0 3412/128
Fog Cr 0 2748/60| 0O 2748/60| 4 | 22Jdul | 2 2748/60,506 3 0 3412/128
Bear Cr 0 0 2748/151| 4 0 2748/506 3 0 3412/128
Tsusena Cr 0 0 2748/151| 4 0 2748/507 3 0 3412/128
Deadman Cr 0 0 3 0 2748/507 0
Watana Cr 0 0 2 0 2748/507 0
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Table 5.1-1. Periodicity of Chinook salmon utilization among macrehabitat types in the Middle (RM 184i 98.5) and Lower (RM 98.5 0.0) segments of the Susitna
River by life history stage. In the Upper Segment (RM 260° RM 184), adult Chinook are believed to exhibisimilar habitat use to that shown for the Middle Segment,
while juvenile Chinook rearing and migration timing in this segment is not known. Shaded areas indicate timing of utilization by macrehabitat type and dark gray

areas represent areas and timing of peak use.

Habitat Type

Main Channel
Side Channel
Tributary Mou
Side Slough
Upland Slough

Life Stage

Tributary

Jan

Feb

Mar Apr May | Jun Jul Aug Sep Oct Nov Dec

Middle Susitna River

Adult Migration

Spawning

Incubation

Fry Emergence

Age 0+ Rearing

Age 0+ Migration

Age 1+ Rearing

Age 1+ Migration

Lower Susitna River

Adult Migration

Spawning

Incubation

Fry Emergence

Age 0+ Rearing

Age 0+ Migration

Age 1+ Rearing

Age 1+ Migration
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