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PREFACE

The goal of the Alaska Power Authority 1in identifying environmentally |
acceptable flow regimes for the proposed Susitna Hydroelectric Project is
the maintenance of existing fish resources and levels of production. This
goal 1is consistent with mitigation goals of the U.S. Fish and Wildlife
Service and the Alaska Department of Fish and Game. Maintenance of
naturally occurring fish populations and habitats is the.preferred goal in

agency mitigation policies.

In 1982, following two years of baseline studies, a multi-discip1inaﬁy‘
approach to quantify effects of the proposed Susitna Hydroelectric Project
on existing fish habitats and to identify mitigation oppor@unities was
initiated. The Insteam Flow Relationships Studies (IFRS) focus on the
response of fish habitats in the middle Susitna River to incremental
changes in mainstem discharge, temperature and water quality. As part
of this multi-disciplinary effort, a technical report series was
planned that would (1) describe the existing‘fish resources of the
Susitna River and identify the seasonal habitat requirements of selected
species, and (2) evaluate the effects of alternative project designs and
operating scenarios on physical procesges which most influence the seasonal

availability of fish habitat.

The summary report for the IFRS, the Instream Flow Relationships Report
(IFRR), (1) identifies the biologic significance of the physical processes
evaluated in the technical report series, (2) integrates the findings of
the technical report series, and (3) provides quantitative relationships

and discussions regarding the influences of incremental changes in stream-
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flow, stream temperature, and water quality on fish habitats in the middle

Susitna River on a seasonal basis.

The IFRR consists of two volumes. V01Qme I uses project reports, data and
professional judgment to identify evaluation species,' important 1jfe
stages, and habitats. The report ranks a variety of physical habitat
components with regard to their degree of influence on fish habitat at
different times of the year. This ranking considers the biologic
requirements of the.evaluation species and 1ife stage, as well as ‘the
physical characteristics of different habitat types, under both natural and
anticipated with-project conditions. . Volume II of the IFRR will
address the third objective of the IFRR and provide quantitative relation-
ships on a seasonal basis regarding the influences of incremental changes
in streamflow, stream temperature, and water quality on fish habitats in

the middle Susitna River.

138

The influence of incremental changes in streamflow on the availability and
quality of fish habitat 1is the central theme of the IFRR Volume II

analysis. 'Projéct—induced changes in stream temperature and water quality

are used to condition or qualify the forecasted responses of fish habitat

R —to —instream hydraulitTs. The influence of streamflow on fish habitat will

be evaluated at the microhabitat level and presented at the macrohabitat

level 1in terms of a composite weighted usable area curve. This composite

curve--will—describe the combined-response of fish habitat, at all sites _

within = the same representative group (to incremental changes in main-

stem discharge).
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Four technical reports are being prepared by E. Woody Trihey and Associates
in support of the IFRR Volume II analysis. The function of each report is

depicted in a flow diagram and described below.

1) Quantify Wetted 2) Assess the Representa- 3) Determine Site-
Surface Area tiveness of Modeled Specific Hydraulic
Response and Non-modeled Sites Conditions

4) Quantify Streamflow-Dependent Habitat Response
Functions for Juvenile Chinook and
Spawning Chum Salmon

1)  RESPONSE OF AQUATIC HABITAT SURFACE AREAS TO MAINSTEM DISCHARGE IN
THE TALKEETNA-TO-DEVIL CANYON SEGMENT OF THE SUSITNA RIVER, ALASKA

This report identifies five aquatic habitat types within the
middle Susitna River directly influenced by changes in mainstem
discharge and presents the necessary photography and surface area
measurements to quantify the change in wetted surface area
associated with incremental decreases in mainstem discharge be-
tween 23,000 and 5,100 cfs. The report also describes the in-
fluence of mainstem discharge on habitat transformations and
tabulates the wetted surface area responses for 172 specific
areas using the ten representative groups presented in the
Habitat Characterization Report. Surface area measurements
presentad 1in this report provide a basis for extrapolating
results from intensively studied modeling sites to the remainder
of the middle Susitna River.

2)  CHARACTERIZATION OF -AQUATIC HABITATS IN. THE TALKEETNA-TO-DEVIL
CANYON SEGMENT OF THE SUSITNA RIVER, ALASKA

This report describes the characterization and classification of
172 specific areas into ten representative groups that are hydro-
logically, hydraulically and morphologically similar. Emphasis
1s placed on the transformation of specific areas from one
habitat type to another in response to incremental decreases in
mainstem discharge from 23,000 cfs to 5,100 cfs. Both modeled
and non-modeled sites are classified and a structural habitat
index 1is presented for each specific area based upon subjective
evaluation of data obtained through field reconnaissance surveys.
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Representative groups and structural habitat indices presented in
this report provide a basis for extrapolating habitat response
functions developed at modeled sites to non-modeled areas within
the remainder of the river.

3) HYDRAULIC RELATIONSHIPS AND MODEL CALIBRATION PROCEDURES AT 1984
STUDY SITES IN THE TALKEETNA-TO-DEVIL CANYON SEGMENT OF THE SUSITNA
RIVER, ALASKA

This report describes the influence of site-specific hydraulic
conditions on the availability of habitat for juvenile chinook
and spawning chum salmon. Two aquatic habitat models are applied
to quantify site-specific habitat responses to incremental
changes 1in depth and velocity for both steady and spatially
varied streamflow conditions. Summaries of site-specific stage-
discharge and flow-discharge relationships are presented as well
as a description of data reduction methods and model calibration
procedures. Weighted usable area forecasts are provided for
juvenile chinook at 8 side channel sites and for spawning chum
salmon at 14 side channel and mainstem sites. These habitat
response functions provide the basis for the instream flow
assessment of the middle Susitna River.

4) RESPONSE OF JUVENILE CHINQOK AND SPAWNING CHUM SALMON HABITAT TO

MAINSTEM DISCHARGE IN THE TALKEETNA-TO-DEVIL CANYON SEGMENT OF THE
SUSITNA RIVER, ALASKA

This report integrates results from the surface area mapping,
habitat characterization, and hydraulic modeling reports
to provide streamflow dependent habitat response functions for
Juvenile chinook and spawning chum salmon. Wetted surface area

T Tand weighted usablé area are the principal determinants of habi-

——————tat indices provided in Part A of the report for juvenile chinook
at each specific area and the ten representative groups identi-
fied 1in the habitat characterization report. ‘Part B of this
report provides habitat response functions for existing chum
salmon spawning sites. The habitat response functions contained
in this report will be used for an incremental assessment of the
rearing and -spawning -potential of -the entire middle Susitna River -

- under a wide range of natural and with-project streamflows.
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1.0 INTRODUCTION

Due to the economic importance of the species, the ecological sensitivity
of the 1ffe stage, and their extensive use of mainstem-associated habitats,
juvenile chinook have been designated as a primary evaluation species to be
used in analyses of existing and with-projeﬁt conditions. Chum salmon
spawning»and 1ncubation‘1ife stages comprise the other two primary

species/life stages selected for evaluation (EWT&A and Entrix 1985),

This report addresses the effects of flow variation on the availability and

quality of juvenile chinook salmon habitat within the Talkeetna to Devil
Canyon reach of the Susitna ﬁiver. The response of juvenile chinook habi-
tat to changes in streamflow within this middle reach of the Susitna River
has been the subject of several years of data collection and modeling
studies conducted by the Alaska Department of Fish and Game (ADF&G) and
Trihey and Associates (EWT&A). These investigations are part of an
extensive environmental assessment program conducted to fulfill licensing

requirements for the proposed Susitna Hydroelectric Project.

The Alaska Power Authority (APA), the state agency responsible for
developing the hydropower potential of the Susitna River, has indicated a
desire to maintain existing fish resources and levels of production within
affected reaches of the river (APA 1985). This goal may be attainable
through a variety of mitigative options (Moulton et al. 1984). However, to
protect existing fisheries resources and to.ensure the success of selected
mitigation and enhancement efforts, it is necessary to identify and adopt
instream flows and reservoir operation schedules which will provide for the

needs of the fish species inhabiting the middle Susitna River.



The storage and release of water to meet the instream flow needs of fishes
downstream is not necessarily incompatible with hydropower interests. The
recharge and storage capabilities of the proposed Devil Canyon and Watana
reservoirs [refer to APA (1985) for a description of the design criteria
and construction schedule for these facilities] will permit water to'be
stored during periods when natural runoff exceeds Both the water demand for
power generation and the instream flow needs of resident and anadromous
fishes. This will allow for the controlled release of water during periods

of greatest demand for power.

Under the 1license application presently before the Federal Energy
Regulatory Commission the development of the Susitna hydroelectric project
is planned to occur in three stages-(APA 1985).

0 Stage I fs the construction and operation of the Watana dam by 1999

which will provide 2.37 million acre feet of active storage. This is

approxima£é1y 40 percent of the mean annual flow at the damsite and
" affords some seasonal regulation.
0 Stage II is construction of a dam by 2005 1in the nar}ow Devil Canyon.

The principal purpose is to develop head relying upon the Watana dam

to regulate flows for power production.

0 Stage III involves raising the Watana dam 180 feet by 2012 to increase
active storage to 3.7 million acre feet, approximately 64 percent of

the mean annual flow.

The license application presents environmental flow cases E-1 through E-VI
which are aimed to provide different maintenance levels of habitats most

responsive to mainstem flows. Case E-VI is the selected flow case in the




application and is designed to maintain 75 percent of the existing chinook
salmon side channel rearing habitat in all years except low flow years.
‘There are four projected flow scenarios for Case E-VI depending upon the
stage of development of the project. Figure 1 compares natural with
simulated with-project mean weekly discharges at Gold Creek for these four

scenarios.

The frequency and rate of change of daily flow f]uctuationé in the middle
Susitna River will be highest during Stage I and II. However, by Stage III .
daily flow fluctuations are expected to be minimal. Over the long-term,
use of the combined storage volume of the two reservoirs will result in

Tower summer and higher winter flows than presently occur.

As the demand for electricity varies over time, so do the instream flow
needs of a fish species vary'according to their life history stage. Adult
chinook spawn exclusively within tributaries of the middle reach of‘the
Susitna River, princiba11y Indian River and Portage Creek. Consequently,
the reproductive and early pqst—emergent fry life stages of chinook (unlike
those of chum, pink and sockeye salmon which spawn'in both tributary and
non-tributary habitats of the middle Susitna River) are not 1ikely to be
affected by project operation. The later freshwater life stages of chinook
salmon, including juvenile and migratory phases, will be subjected to
a1tered.streamf1ow regimes since they ufi1ize mainstem and mainstem-~
influenced habitats (Figure 2). The summér growth season is an important
period for chinook juveniles since it is at this time that density-
‘dependent factors will typically have their greatest effect on the

population.
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habitat types of the middle Susitna River during the open
water period (Dugan, Sterrltt, and Stratton 1984).



Following emergence in March and April juvenile chinook typically spend
several months rearing in their nata] streams. However, the numbers and
biomass of juvenile fish may exceed the carrying capacity of the tribu-
taries by midsummer and a percentage of the chinook population réspond by
emigrating to the Susitna River. During the remainder of their freshwater
residency, which usually lasts until the spring of the following year,
juvenile chinook typically occupy a range of habitats. Densities are
highest in tributaries, side channels and side sloughs, respective]y,
during July to September of the open water season (Figure 3). Chinook
distribution during the winter months is not well documented other than a
noted tendency for individuals in mainstem and side channel areas to seek
re]ative]y warmer upwelling areas in side sloughs. During the fall a
significant number of young-of-the-yearWchinook appdfént1y migrate down-
stream late in the summer, although it is uncertain whether they overwinter

in fresh or saltwater (Dugan et al. 1984).

The biological and physical factors affecting juvenile chinook salmon in
their rearing environment and their interrelationships are complex. Milner

(1985) reviewed these environmental factors and their potential effects.

Food availability, predation, and competition are among the more important .

5

biotogical factors. Al1l are mediated to some degree by the quantity and
quality of physical habitat which conétitute the fish's living space.
Physical habitat includes the combination‘of hydraulic, structural and
- chemical variables to which juvenile chinook respond either behaviorally or
water depth and velocity, cover, and substrate texture are important
physical habitat variables which are either directly or indirectly

influenced by the volume and pattern of streamflow.
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1983. Percentages are based on mean catch per cell (Dugan,
Sterritt, and Stratton 1984).



The goa] of minimizing potentially adverse effects of flow alterations
associated with hydropower generation is possible only if the magnitude of
the impacts is known, thereby presenting two major problems. The first
relates to the quantification of existing resources and the relationships
which sustain them. The second problem is methodological: how can predic-
tions of with-project conditions be superimposed on natural conditions to

enable accurate forecasts?

For example, our knowledge of the population dynamics of chinook salmon
stocks of the middle Susitna River yields little insight into their Tikely
Tong-term response to with-project~f1ow regimes. Population adjustments
are frequently determined by combinations of environmental properties
occuring far in advance of the biological response. Thus, although fish
production and its component parameters (i.e., density, mortality, growth,

etc.) may eventually reflect the infl

factors, the complexity of these relationships is too great and there is

too much variability in our estimates to base our forecasts entirely on
population studies. We are not limited as much by our ability to

conceptualize the relationships linking juvenile chinook to their

uence of causative environmental

——environment-as we are by ourability to measure and test these relation-

ships.

This problem is not a new one. Fisheries biologists faced with,the task of
jdentifying acceptable instream flows often makg their se1ectiaﬁ because it
appears to make biological sense, and not on the basis of mathematically
defined relationships between streamflow and biological response. In the

past decade, however, an instream flow assessment methodology has been

T X
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developed which partially bridges this gap. The Instream F1bw Incrementa1
Methodology (IFIM) described by Bovee (1982) provides a computer assisted
capability of simulating important components of fish habjtat based on
site-specific field measurements. The suitability of fish habitat ata
given flow is evaluated by reference to preference criteria. These are
frequency distributions which describe the probability that a fish will be
found in association with a particular level or interval of the habitat
component in question. Once the spatial distribution and levels of habitat
components are known or are reliably éimu1ated for a range of flows, and
the re]atiénships between these components and behavioral preferences have
been quantified, then a habitat respdnse index may be calculated for each
flow of interest. Following standard IFIM terminology, this habitat
response index is termed Weighted Usable Area (WUA). From an assumption

that the amount of suitable habitat {n a stream varies with flow, the

~direction and magnitude of WUA may be considered reliable indicators of the

probable population response to discharge alterations. This assumption has
been verified for some salmonid streams but not for others (Nelson 1980,
Loar 1985). Factors other than the amount of usable habitat, such as
inadequate food supplies and catastrophic events (e.g., floods), may ‘have

been responsible for the conflicting results.

NeQerthe]ess, the concept of habitat preference appears valid for this
study and the linkage between biological response and flow-related habitat
changes, as indexed by WUA should be strong enough to make inferences
concerning the present status and 1iké1y trends in juvenile chinook

populations.



Included in this report are WUA functions and related habitat indices
defining the relationship between mainstem dischérge aﬁd chinook rearing
habitat potential at 20 study (modeling) sites on the middle Susitna River.
Modeling results are extrapolated from individual study sites to describe
the response of juvenile chinook habitat within a number of different sub-
environments of the middle Susitna River. Conventional methods of
éx;rapo]ating WUA in single channel rivers based on the‘éoncept of con-
tinuous homogeneous subsegments represented by individual modeling sites
are not applicable to large braided rivers like the the Susitna River due
to large spatial variations in hydraulic and morphologic character (see
Aaserude et al. 1985). Consequently, investigators concentrated on
sampling smaller areas or portions of the middle Susitna River possessing
relatively uniform yet comparatively distinct hydrologic, hydraulic and
water clarity characteristics. This sampling design prompted the develop-

ment of an extrapolation methodology, first outlined by Steward and Trihey

(1984), which weights WUA indices developed for each modeling site

according to the portions of the middle reach possessing similar hydro-
Togic, hydraulic and water clarity attributes. Characterizing fish habitat

at this level acts to overcome problems associated with the large degree of

environmental variability present in the system and improves the

,,,,,,,,, ——applicability of these results to the entire middle Susitna River.

Within the overall framework of the Susitna aquatic habitat assessment

program, habitat modeling results obtained for individual habitat types are

particularly appropriate since related studies of juvenile fish distribu-

tion were conducted at this level (Hoffman 1985). An evaluation of habitat
modeling results in combination with fish utilization data will permit an

accurate assessment of rearing habitat response to natural and project-
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induced changes in streamflow for the entire middle Susitna river segment.

Figure 4 1illustrates the primary steps in the extrapolation analysis. An
outline of the data requirements and steps which comprise the methodology
follows in order that the reader gain an appreciation of the utility of the
rearing habitat response curves. The results of applying the full extrapo-
lation analysis to existing.flow regimes will be detailed in Volume II of
the Instream Flow Relationships Report, scheduled for release by EWT&A in

December 1985.
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Quantification

Quantify surface areas of
individual channel branches
in the middle Susitna River
for each flow for which
aerial photography is
available to determine

the surface area response

to mainstem discharge.

Stratification

Use available morpho-
logic, hydraulic, and
hydrologic information
to stratify individual
aquatic habitats into

groups that are hydro-

Simulation
Simulate the response
of aquatic habitat
quality to discharge
with habitat modeling
techniques at selected

areas of the middle

Jogically and morpho- Susitna River.

logically similar.

Integration

For each evaluation species/

life stage:

Integrate the quantifi-
cation, stratification,
and simulation components

to determine the aquatic

habitatwresponsewtbwdis*m

Figure 4.

charge for the entire

middie Susitna River.

" Flow chart indicating steps followed in the extrapolation of

site-specific juvenile chinook habitat indices to the entire
middle Susitna River,
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2.0 METHODS
2.1 Habitat Characterization of the Middle Susitna River
2.1.1 Study Site Classification

For. the middle reach of the Susitna River, Klinger and Trihey (1984)
describe six habitat types, on the basis of water source and morphology:
mainstem, side channel, side slough, upland slough, tributary, and tribu-
tary mouth. Rearing habitat modeling sites were initially selected to
conform with the concept of aquatic habitat types. The degree to which
these habitat types are utilized by juvenile salmon as well as their
susceptibility to project impacts determined the extent to which they were
represented in modeling studies. Of the large number of locations sampled
for juveniles in 1981 and 1982, significant numbers of chum, sdckeye, and
chinook salmon were found in tributary, side channel, side slough and
upland slough locations. Chinook salmon utilization of thesé habitat types
was summarized in Figure 3. Recognizing that rearing habitat in
tributaries will not be affected by project operdtion, investigators
excluded this habitat type from modeling studies. Utilization of mainstem
and tributary mouth areas by juvenile salmon was low and -not intensively
studied. The sites chosen for modeling studies of juvenile chinook habitat
are identified by river mile and bank orientation (L and R denote left and

right bank looking upstream) in Figure 5.
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2.1.2 Representative Groups

While the habitat type concept described by Klinger and Trihey (1984) 1is
useful in the identificationbof attributes characterizing a particular
1ocatioﬁ within the middle Susitna River at a given timé, the static
quality implicit in the concept makes it 1ess'practica1 as a means of
stratifying the river for extrapolation purposes. The results of the
habitat modeling analyses are WUA forecasts for sites which frequently
transform from one of these habitat types to another over the range of
evaluation flows. The habitat quality and the distribution of the juvenile
chinook 1is dependent upon these transformations and the progressive

physical changes which attend them.

In order that the dynamic and site-specific nature of rearing habitat
response to a constdnt]y changiﬁg aquatic environment be acknowledged by
the extrapolation methodology, an alternate means of stratifying the middle

Susitna River was developed. The cohcept of representative groups as a

further set of distinct portions of the middle Susitna River and the
criteria used by Aaserude et al. (1985) to define them ensures that the
modeling sites are truly representative of the habitats of the river they
are intended to characterize. Accurate forecasts of the response of
juvehi]e chinook to natural or imposed changes in flow regime require that

this condition be satisfied.
Aaserude et al. (1985) delineated 172 specific areas of the middle Susitna
River from aerial photography interpretation and field verification

studies. Specific areas formerly divided among four habitat types (side.

15



channel, side slough, upland slough, and in some cases mainstem habitats)
were reassigned among ten representative groups, each characterized by
unique and readily identifiable combinations of flow-related attributes.
Representative groups and the primary hydrologic, hydraulic and morphologic

forms and processes which distinguish them are summarized in Table 1.

Each modeling site is associated with a corresponding spécific area; from
an analysis of aerial photography and reconnaissance level field data, a
modeled specific area‘may also be determined to be representative of
several non-modeled specific areas within the same representative group.
Within the framework of the extrapolation methodology, the collection of

modeled and non-modeled specific areas which comprise a particular repre-

sentative group may be thought of as a discontinuous (i.e., spatially

discontinubus) yet homogeneous subsegment of the river.

Figure 5 1indicates the representative group designation of each rearing

habitat modeling site. Because the delineation of representative groups
occurred subsequent to study site selection and data collection, some

representative groups do not possess specific areas in which modeling

studies were conducted. In particu]ar, specific areas which dewater at

AAAAAA ————relatively high-mainstem—discharges (Group VIII) and mainstem areas which

remain shoal-like at most evaluation flows (Group X) are not represented by
juvenile chinook habitat modeling sites. The remainder of the representa-
tive groups have at least one specific area with an associated modeling
study site. This fact is important since the dbjective is to extrapolate
habitat indices from specific areas with modeled sites to non-modeled
specific areas, assuming that modeling sites generally reflect the habitat

character of non-modeled areas within the same representative group. As

16



“SPRESENTATIVE
| Group

i

iv

X

Table 1.

NUMBER OF
SPECIFIC AREAS

19

28

18

21

13

24.

2l

13

DESCRIPTION

Predominantly upland sloughs. The specific areas comprising this group are
highly stable due to the persistence of non-breached conditions (1.e.,
possess high breaching flows). Specific area hydraulics are character{zed
by pooled clear water with velocities frequently near 0.0 fps and depths
greater than 1.0 ft. Pools are commonly connected by short rifflas where
velocities are less than 1.0 fps and depths are less than 0.5 ft.

This group {ncludes specific areas commonly referred to as side sloughs.
These sites are characterized by relatively high breaching flows
{>19,500 cfs), clear water caused by upwelling groundwater, and large
channel length to width ratfos (>15:1).

Intermedfate breaching flows and relatively broad channel sections typify
the specific areas within this Representative Group. These sites are side
channels which transform into side sloughs at mainstem discharges ranging
from 8,200 to 16,000 cfs. Lower breaching flows and smaller length to
width ratios distinguish these sites from those in Group 1I. Upwelling
groundwater {s present.

Specific areas 1n this group are side channels that are breached at 1low
discharges and possess intermediate mean reach velocities (2.0-5.0 fps) at
a mainstem discharge of approximately 10,000 cfs.

This group includes mainstem and side channel shoal areas which transform
to clear water side sloughs as mainstem flows recede. Transformations
generally occur at moderate to high breaching discharges.

This group {s similar to the preceding one {n that the habitat character of
the specific areas is dominated by channel morphology. These sites are
primarily overflow channels that parallel the adjacent mainstem, usually
separated by a sparsely vegetated gravel bar. Upwelling groundwater may or
may not be  present. "Habitat transformations within this
group are variable both in type and timing of occurrence.

These specific areas are typically side channels which breach at variable
yet fafrly low mainstem discharges and exhibit a characteristic riffle/pool
sequence. Pools are frequently large backwater areas near the mouth of the
sites.

The specific areas 1{n this group tend to dewater at relatively high
mainstem discharges. The direction of flow at the head of these channels

tends to deviate sharply (230 degrees) from the adjacent mainstem.

Modeling sites from Groups Il and 111 possessing representative post-
breaching hydraulic characteristics are used to model these specific areas.

- This group consists of secondary mainstem channels which are similar to
primary mainstem channels in habitat character, but distinguished as being
smaller, and conveying a lesser proportion of the total discharge. Speci~
fic areas 1{n this group have low breaching discharges and are frequently
similar 1in size to large side channels, but have characteristic mainstem
fegtures. such as relatively swift velocities (»5 fps) and visibly coarser
substrate,

Large mainstem shoals and the margins of mainstem channels which show signs
of upwelling are included in this representative group.

HABITAT
MODEL ING
SITES

107.6L, 112.5L

101.4L, 113.7R,
126.0R, 144.4L

101.2R, 128.8R,
132,61, 141.4R

112.6L, 137.7L
134.9R, 136.0L

141.6R

133.8L, 136.3R

119.2R

132.6L, 144.4L

101.5L, 147.1L

105.81L, 119.11L,
138.71L, 139.41L,
133.81R

Primary hydrologic, hydraulic and morphologic charagter-
istics of representative groups identified for the middle

Susitna River,
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will be discussed later in section 3.8, juvenile chinook habitat response
within Group VIII was represented using modeling results from study sites
~in Groups II and III. The response for Group X was evaluated using Direct
Input Habitat (DIHAB) models for spawning chum habitat at five of the

sites, as outlined in section 3.10.

Important criteria used to paftition specific areas into representative
groups are the type and rate of change in hydro]bgic character documenteq
for the specific areas. The hydrologic component of the method used by
Aaserude et al. (1985) to stratify the middle Susitna River focuses on the
systematic transformation in habitat type of specific areas within the
5,100 to 23,000 cfs flow range. For example, as flows recede mainstem
areas frequently become shallow water shoals, and side channels may
transform into side sToughs; both habitat types may eventually dewater as
flows decrease further, The emphasis on habitat transformation

acknowledges the transient nature of riverine habitat availability and

distribdtion. The dichotomous key in Figure 6 delineates the eleven habi-

tat transformation categories derived from an evaluation of the 172 speci-

fic areas and eight streamflows for the middle river. Note that the final

categories approximate the original "habitat type" designations used by

o Klinger—and Trihey -(1984)-and—ADF&G (1983). —Two important modifications—to ————

the habitat type classification system are the inclusion of shoal habitat
and the presence/absence of upwelling. Shoals are areas which at high
flows are visually inseparable from adjacent mainstem or side channe]
&Eedé.‘ As fwas’recede the shoal or riffle character of these sites be-

comes obvious, even though the boundaries separating shoals and adjacent
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Figure 6.

Flow chart for c'lassifying the transformation of aquatic

habitat types between two flows (Categories 0-10).

It is

important to note that habitat transformations can be
monitored between any two flows of interest.




habitat types are usually indistinct. Specifié areas fitting this descrip-
tion are further distinguished on the basis of whether their boundaries

remajn indistinct or transform into well-defined channels at lower flows.

Upwelling groundwater, usually discernable in aerial photos by the presence
of clear water, is accentuated in the classification step of the extrapola-
tion methodology because of its pronounced effect on the distribution of

juvenile and adult salmon within the middle Susitna River,

