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DRAFT

PREFACE

This report is one of a series of reports prepared for the Alaska Power
Authority (APA) by the Alaska Department of Fish and Game (ADF&G) to
provide information to be used in evaluating the feasibility of the
proposed Susitna Hydroelectric Project. The ADF&G Susitna Hydro Aquatic
Studies program was initiated in November 1980. Reports prepared by the
ADF&G Susitna Hydro Agquatic Studies program prior to 1983 are available
from the APA. Reports prepared after 1983 are sequentially numbered as

part of the Alaska Department of Fish and Game Susitna Hydro Aquatic

Studies Report Series. Titles in this report series are:

Report Pubiication
Number Title Date
1 Adult Anadromous Fish Investigations: April 1984

May - October 1983

2 Resident and Juvenile Anadromous Fish July 1984
Investigations: May - October 1983

3 Aquatic Habitat and Instream Flow September 1984
Investigations: May - October 1983

4 Access and Transmission Corridor Aquatic September 1984
Investigations: May - October 1983

5 Water Aquatic Investigations: March 1985
September 1983 - May 1984

6 Adult Anadromous Fish Investigations: 1985
May - October 1984

7 Resident and Juvenile Anadromous Fish 1085
Investigations: May - October 1984

8 Availability of Invertebrate Food Sources - 1985
for Rearing Juvenile Chinook Salmon

in Turbid Susitna River Habitats

g Summary of Salmon Fishery Data fov 198t
Selected Middle Susitna River Sites



This report, Report Number 8, summarizes the results and findings of the
juvenile chinock salmon food availability study conducted during the

1984 open water (May - October) field season.



AVATLABILITY OF INVERTEBRATE FOOD SOURCES

FOR_REARING JUVENILE CHINGOK SALMON

IN TURBID SUSTTNA RIVER HABITATS

1985 Report Number 8

by
Tim F. Hansen and J. Craig Richards
Alaska Department of Fish and Game
Susitna Hydro Aquatic Studies
Third Floor, Michael Building

620 East Tenth Avenue
Anchorage, Alaska 99501

ABSTRACT

The availability of dnvertebrate food resources in mainstem affected
side channel and side slough habitats and the overall rearing
capabilities of these habitats for juvenile chinook salmon was assessed
by the Alaska Department of Fish and Game Susitna Aquatic Studies
Program from May through October 1984 to evaluate the gquantity of
available food sources and their relation to mainstem river discharge
and to evaluate the gain and 10§§ of benthic invertebrate habitat
resulting from changes in flow in these habitats. Four side channel and
side slough sites were sampled at head and mid-section locations for
the amount of invertebrate drift and at mid-section locations only for
benthos, using drift nets and modified Hess type samplers. Juvenile
chinook salmon were also sampled at the mid-section locations using

electro~-fishing techniques to correlate the available food sources with

that being utilized,
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A total of 52 dinvertebrate taxa were identified in drift and benthic
sampies, with chironomidae being the dominant taxa. The proportions of
invertebrates found in the stomachs of juvenile chinook salmon was
closely correlated with the proportions of invertebrates available in
the drift. Drift samples collected under breached conditions indicated
that invertebrates were being transported from the mainstem into the
side channels and side sloughs. Drift in side channels and side sloughs
under unbreached conditions was negligible compared to the drift under

breached conditions when total drift was considered.

Categorizing invertebrates which were common to drift, benthos, and the
diet of Jjuvenile chinook salmon by behavioral type (i.e. burrower,
swimmer, clinger, and sprawler) proved to he a valuable means for
projecting weighted usable area of benthic invertebrate habitat when the
density of species was low as occurred in this study. The densities of
each of the behavioral groups were found to ba generally well correlated
to water velocity and substrate type, whereas depth of water did not
appear to be an imﬁa?taﬁt factor influencing the density of organisms.
Water velocities less than 0.4 ft/sec and substrates comprised of silts
and sands generally supported the highest mean densities of burrowers
which were made up primarily of Chironomidae. Rubble substrates with
components of large gravel or cobble and water velocities between 1.6
ft/sec and 2.6 ft/sec generally supported the highest mean densities of
swimmers and clingers. Sprawlers did not appear to preferentially

utilize any particular substrate or water velocity.
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Projected weighted usable area for each of the behavioral groups was
clearly a function of wmainstem discharge., The minimum controliling
mainstem discharge for each of the study sites generally produced the
greatest amount of burrower habitat weighted usable area. The maximum
amount of weighted wusable area for swimmer, clinger, and spraw?e?
habitat at study sites was reached at a mainstem discharge above 25,000

cts,

In conclusion, naturally fluctuating flows above 19,000 cfs appear to
maintain & diverse benthic fauna and appear to provide drifting food
organisms to mainstem affected side channels and side sloughs thereby
contributing to the rearing capabilities of these habitats for juvenile

chinook salmon.
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1.0 INTRODUCTION

Instream habitat variables such as cover, riparian vegetation, water
depth and velocity, and food supply have all been determined to be
important variables influencing the overall suitability of instream
habitats for rearing juvenile salmon (Stalnaker and Arnette 1976).
Although there is no definite evidence that any of these variables is
the ultimate factor limiting the carrying capacity of a particular
habitat for rearing by Jjuvenile salmonids, it 1is clear that the

availability of suitable food is of considerable importance.

Food sources utilized by juvenile salmon have generally been found to
consist of aqua%ic ﬁﬁvewfebwates which inhabit the various niches of the
instream environment. Many researchers have examined the dinstream
hydraulic conditions which influence the distribution and abundance of
these invertebrate food organisms and have concluded that water depth,
water velocity, and substrate type are three of the most important
controlling factors (Kimble and Wesche 1975, Cummins 1975). There is
some controversy however as to which of these factors exerts the
greatest control. It is Tlikely, however, that invertebrate species
select their habitats on the basis of combinations of the above factors
rather than on the basis of the factors individually (Ulfstrand 1967).
Utfstrand based this conclusion on the ability of different combinations
of depth, velocity, and substrate to entrap debris which could be used

as food by invertebrates.
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Additional studies have also suggested that optimum invertebrate habitat
could be identified according to combinations of available depth,
velocity, and substrate type. Pearson et al. (1970) suggested that
optimum habitat conditions for invertebrate organisms were reached when
streamflows resulted in the greatest amount of riffle-Tike habitat
having water velocities of approximately 2.0 feet per second (ft/sec).
Banks et al. (1974) made optimum streamflow recommendations for
invertebrate habitat by assuming that the most preferred streamflow
would be that which would provide the maximum surface acreage with water
velocities of 1.5-3.49 ft/sec and depths of 0.50-2.99 feet. The
California Department of Fish and Game (1975) based streamflow
recommendations for invertebrate habitat on habitat curves with
streamflow as the independent variable generated from weighted depth,
velocity, and substrate measurements collected along transects. Nuwell
(1976) used Tlinear vregression analysis with streamflow as the
independent variable to predict macroinvertebrate densities at different
flows 1in the VYellowstone River, Montana. One of the most recent
pred%at%vé modelling procedures for describing benthic invertebrate
habitat has been developed by the U.S. Fish and Wildl1ife Service (USFWS)
Instream Flow Group (IFG) (Judy and Gore 1979). The IFG used many of
the same modelling techniques which were developed for evaluating
instream fish habitat for the assessment of the instream flow
requirements of benthic f{nvertebrate populations (Bovee and Cochnauer
1977, Bovee and Milhous 1978, Bovee et al. 1979 and Bovee 1979). These
modelling techniques utilize water depth, velocity, and substrate type
as the dominant hydraulic variables to quantify the responses of benthic

invertebrate habitat to changes in streamflow.
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Information concerning the density and the number of different kinds of

2

invertebrate foods available to rearing Juvenile salmon and the habitat
requirements of these finvertebrate organisms is not well known for

s

the Susitna River as only limited studies of invertebrate organisms hav

o

been conducted to date (ADF&G 1977, 1978 and 1983a). The studies

onducted to date have been Timited to describing the diet of juvenile

&

chinook, coho, and sockeye salmon and the kinds of invertebrate foods

available to them. No habitat modelling evaluations have been conducted

2

describing the density and flow requirements of invertebrates in

m%.

iabitats utilized by juvenile salmon.

This report presents the results of the 1984 Alaska Department of Fis

T

and Game Susitna Hydro Aguatic Studies Food Availability Study (FAS).
The study was designed %@ guantify invertebrate habi tat and the
invertebrate food organisms available fto juvenile chinook salmon in
selected side channel and side slough habitats of the middle Susitna
River at different ’ma%ﬁﬁt%m flows. Side channel and side slough
habitats of the middle Susitna River were selected as evaluation
habitats as these habitat types are located along the lateral margins of
the river flood plain and are subject to dewatering if naturally
occurring summer discharges are significantly reduced by the proposed
hydroelectric facilitv., Juvenile chinook salmon were selected as

evaluation species as they have been shown to utilize these habitats for

BT v o o L B N s A IR £ < e .
fhe FAS was divided into three parts: 1) an evaluation of invertebrate
. . 5 Lo i . gt vl e e s e e b 3 R
i the flow i eguirements o1 macrooent hos s oanda, *2\%
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a confirmatory study of juvenile chinook feeding habits. The spegific

objectives of the three part study were to:

1. Evaluate the available food sources in mainstem affected
side channel and side slough habitats and verify their

relative importance to juvenile chinook salmong

2. Evaluate the vrelative dimportance of the contribution of
mainstem invertebrate drift in mainstem affected side channel

and side sTough habitats;

3. Estimate the response of selected groups of invertebrates of
mainstem affected side channel and side slough habitats to

various water depths, velocities, and substrate types: and,

4, Quantify the area of mainstem affected side channel and side
slough habitats usable to selected dinvertebrate groups at

different mainstem discharges.

Three side channels and one side slough were selected for study between
River Mile (RM) 129 and RM 142 (Figure 1). These study sites were
selected to utilize previcusly established IFG modelling transects
focated in areas found to contain significant numbers of juvenile
chinook salmon. Data collected within the study sites included:
benthic and drift invertebrate samples and, point specific water depth,

mean column water velocity, and substrate composition. These data weve
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combined with existing hydraulic simulation mode! data to estimate the
response of invertebrate habitat to changes in discharge. In addition,
juvenile chinook salmon were collected for stomach content analyses to

verify food habitats.

Because of the Vimited number of invertebrates per unit area at each
sampling site, a somewhat different approach to grouping invertebrates
was utilized in the study over that suggested by Judy and Gore (1979),
Whereas Judy and Gore constructed preference curves for species of
benthic iﬁVérteératég representing different functional groups, curves
in this study were constructed curves Tor groups of invertebrates
representing behavioral types which reflect basic habitat preference

(e.g., burrowing organisms might prefer smaller substrate size classes).

The findings of this study should provide resource managers with the
information necessary for a better understanding of the mainstem
discharges required for the maintenance of adequate production of fish

food corganisms in juvenile chinook silmon rearing areas.

{p
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¢.0 METHODS

2.1 Field Sampling

2.1.1 Study Site Selection

Juvenile salmon distribution and abundance studies in the middle Susitna
River have shown that juvenile chinook salmon utilize mainstem affected
side channel anu side siough habitats for summer rearing (ADF&G 1983b,
Schmidt et al. 1984). For this reason, four sites (Figure 1)
representing a cross section of the side channel and side slough
habitats available to rearing juvenile chinock salmon in the middle
Susitna River were chosen for study. The sites selected for study were:
Side STough 9 (RM 123), Side Channel 10 (RM 134), Upper Side Channel 11
(RM 136), and Side Channel 21 upstream of over flow channel A5 (i.e.,

upper Side Channel 21) (RM 142).

Each of these sites are affected by mainstem discharge to varying
degrees and contain existing hydraulic simulation models (IFG-4) sites
wiich can be used for Jnvertebrate habitat analysis. In previous
studies, significant numbers of Jjuvenile chinock salmon have been
captured at each iocation (ADF&G 1983b, Schmidt et al. 1984). A com-
plete physical description of each study site can be found in Quane et
al. (1984b). Available hydrographs, rating curves, and discharge data

for each of the study sites are presented in Appendix A,
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2.1.2 Invertebrate Drift

To evaluate differences in the number of invertebrates originating in
mainstem habitats versus mainstem affected side channel and side slough
habitats, invertebrate drift was sampled at two locations within each of
the four study sives. One pair of drift nets were Tocated at the head
of each study site where the mainstem breaches into the side slough or
side channel, and another pair of nets were located within the I[FG

modelling study area (Figures 2 through 5).

Drift nets were constructed of 500 micron Nitex netting and measured 12
x 18 x 39 inches (Figure 6). The downstream end of each drift net
consisted of a detachable collection bucket constructed of a 15 inch
%%itioﬁ of plastic pipe with 500 micron Nitex net windows and base.
While in the water, each net was supported by two one finch.- diameter
steel rods that were pounded into the substrate. Four three inch chrome
rings, attached to the corners of each net frame, allowed easy setting

and removal of nets from the steel rods.

To ensure the greatest catch size, drift was sampled during the evening,
which is generally considered to be a period of increased activity for
many aquatic invertebrate taxa (Hynes 1970, Waters 1972). Each site was
sampled three times during the sampling season (Table 1). HNets were set
approximately two hours before sunset for two consecutive days at each
site. The sampling duration for each net pair was dependent on river

stage and debris load and ranged from 0.12 hours to 1.20 hours. If the
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side slough or side channel being sampled was not breached, only the

[FG=4 drift sampling Tocation was sampled.

Water velocity and depth were measured in the center of each net opening
at the beginning and end of each sampling period using a Marsh/McBirney
electrical current meter and wading rod using procedures described in
ADF&G (1984). The two depth and velocity measurements for each net were

averaged and used to calculate the total volume (ft3) of water filtered.

2.1.3 Benthic Invertebrates

Benthic samples were collected along existing IFG-4 modelling transects
at each sampling site twice during the open water season to determine
invertebrate habitat preferences (Table 1). The number of samples taken
at each study site during a sampling date was determined by the variety
of microhabitat conditions available (i.e., the variety of depth,

velocity, and substrate combinations present).

Benthic samples were taken with a 25 inch high 1.08 ft2 cylindrical
benthic sampler constructed of aluminum and covered with 500 micron
Nitex netting (Figure 6). The same detachable collection bucket used on

the drift nets was used on the benthic sampler,

Benthic samples were taken by forcing the sampler into the substrate to
a depth of four inches and agitating the enclosed substrate by hand

until all suspended materials were washed downstream into the collection
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bucket. When sampling large substrates such as boulders, the sampler
was placed on the boulder surface and the substrate was scraped by hand
to remove any invertebrates present. Similarly, the uppermost layer of
medium sized substrates (eg. rubble, or cobble} were dislodged and all

surfaces were scraped to remove invertebrates.

Point measurements of water depth and mean column water velocity were
recorded prior to taking a benthic sampie using a Marsh/McBirney elec-
trical current meter and wading rod using methods described in ADFAG
(1984). In addition, substrate type was visually determined while
taking each sample using a thirteen class ranking system (Table 2). The
Tocation of each sample was determined by reading a fiberglass measuring
tape stretched between the headpins of the IFG-4 modelling ftransect

being sampled.

Additional benthic samples were collected in April, May, September, and
October for determining invertebrate development using a kick screen
similar to that described in ADF&G 1983a. These samples, however, were

not used in the development of invertebrate suitability criteria.

2.1.4 Juvenile Chinook Salmon

To compare the diet of juvenile chinook salmon with the composition of
invertebrates in drift and benthic samples, juvenile chinook salmon were
captured for stomach content analysis at each side channel and side

sTough study site. This information was used to supplement previ-

17
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Table 2.  Substrate classification scheme wutilized to evaluate
substrate composition at each benthic sampling point
(Vincent-Lang et al. 1984).

[FG Code Substrate Category Size (inches)
1.0 silt less than 1/32
2.0 siit - sand
3.0 sand 1/32 - 1/8
4.0 sand - small gravel
5.0 small gravel 1/8 - 1
6.0 small gravel - large gravel
7.0 large gravel 1 -3
8.0 large gravel - rubble
9.0 rubbie 3 -5

10.0 rubble - cobble

11.0 cobble 5 - 10

12.0 cobble - boulder

13.0 boulder greater than 10
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ously collected data on Jjuvenile chincok salmon diet in the middle

Susitna River {ADF&G 1978, ADF&G 1983b).

Study sites were electrofished three times during the field season using
a Coffelt (model no. BP1C) backpack electroshocker (Table 1). From each
catch, four to seven juveniles were collected for future stomach content
analysis. A small dncision penetrating the body cavity was made
superior to the ﬁefv?c girdle < the fish's left side to ensure adequate
preservation of its stomach contents. The fish were then stored intact

in 70% ethy! alcohol (ETOH).

2.1.5 Turbidity

Water samples for turbidity measurement were taken during both drift and
benthic sampling at each study site. A1l samples were stored in 125
miTliliter (m1) Nalgene bottles, kept cool in a darkened storage con-
tainer, and analyzed within 72 hours of collection. Turbidity was
measured in Nephalometric Turbidity Units (NTU) with an H.F. Instruments
DRT-15B Portable Turbidimeter following procedures outlined in ADF&G
(1984),

2.2 Laboratorv Analysis

2.2.1 Sample Storage and Handling

A11 invertebrate samples were placed in polyethylene bags and preserved

with 70% ETOH. Rose Bengal dye was added to the alcohel to dye inverte-
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brates for easy sorting. Invertebrates were hand sorted from debris and
stored in glass vials containing 70% ETOH for later identification and

enumevation.

Juvenile chinock salmon preserved for stomach content analysis were
measured for total length and their stomachs removed by making cuts at
the anterior esophagus and pyloric sphincter. After removal, stomachs
were stored in glass vials containing 70% ETOH for later invertebrate

identification and enumeration.

2.2.2 Invertebrate Identification and Enumeration

Invertebrates from benthic, drift, and juvenile chinook stomach samples
were identified to the family taxonomic level and counted. If identi-
fication to the family Tlevel was not possible, invertebrates were

identified to order,

Invertebrates Trom juvenile chinook stomachs were counted using whole
individuals when possible or body parts if items were partially digested
or dismembered. Head capsules were used to count chironomid Tarvae
{midges), whereas the head and thorax vregions were used to count
dismembered plecopterans (stoneflies) and ephemeropterans (mayflies).
Other dismembered invertebrates were counted by piecing together
identifiable body parts to estimate the kind and number of individuals
present. Unidentifiable parts were not counted. Keys used to identify

orgarisms include: Johansen and Thomsen (1934), Usinger (1956), Edmunds
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et al. (1976), Bauman et al. (1977), Wiggins (1977), Merrit and Cummins

(1978), Pennak (1978), and Borror et al. (1981).

2.3 Data Analysis

2.3.1 Invertebrate Drift

In this study, density (i.e., number of individuals per unit volume of
water), reported in English units (e.g., cubic feet and cubic yards),
was used to describe the abundance of drifting invertebrates in samples.
Densities were standardized by dividing the number of individuals in a
taxa or group by the volume of water filtered. The relative density of
an organism or group at a particular sample site was determined by
pltacing the standardized mean density of that organism or group into one
of four classes representing different orders of magnitude. The classes
used were: Rare (0.001-0.009/yd3), Sparse (0.010-0.099/yd3;, Common
(0.100-0.999/yd®*}, and Abundant {1.007-9.989/yd?).

The differences in drift density ét head and IFG-4 sampling locations
within study sites was evaluated by placing sorted and identified
invertebrates into eight taxanomic groups. The groups were: Collembola
(springtails), Ephemeroptera (mayflies), Plecoptera (stoneflies),
Trichoptera (caddisflies), Diptera larva (flies), Diptera adults, Other
Insects, and Other Invertebrates. Multiple regression analysis was then
used to determine the relationship that the quantity of invertebrate

drift present at head sites nas to that present at IFG-4 sites. The
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dependent variable in this analysis was drift numbers at the IFG-4 site
and the independent variables were drift numbers at the head sites,
volume of water filtered through nets at head sites, and volume of water

filtered through nets at IFG-4 sites.

The original data was transferred using a logarithmic transformation
(?@ge) to reduce variance and skewness (i.e., ?@ge [x+1] where x equals
number of individuals) following procedures described in Steel and

Torrie (1960). The general linear model tested was:

YOE BT ByXg By Xy F By Xy toe
where:

50 = intercept term;

ey
it

regression coefficients (1,2,3);

i

Xy transformed (Tege [x+1]) numbers of grouped

drift invertebrates collected at the head sites

X, = transformed (Tog, [x]) volume of water filtered
for drift sample collected at the head site;
X, = transformed (Egg@ [%x]) volume of water filtered

for drift sample collected at the I[FG-4 site;

y = transformed (?Ogg [x+1]) numbers of grouped
drift invertebrates collected at the I[FG-4
sites and

e = Error term
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The null hypothesis in this evaluation was: RNumbers of drifting indi-
viduals in invertebrate groups at IFG-4 sites was not dependent (relat-
ed) the numbers of drifting individuals in invertebrate groups at head
sites, volume of water filtered at head sites, or volume of water fil-

tered at IFG-4 sqtes.

To determine if the observed variations in the drift numbers at I[FG-4
sites was due to any of the independent variables and not due to chance
alone, an analysis of variance (ANOVA) was performed. The hypothesis

tested was:

H:Blzszgggzg
HA: By i o, # By # 0

The F test criterion was defined as:

£ o= mean square error due to regression
residual mean square error

To determine if the partial regression coefficients had true values
greater than zero, the Student's t test was applied (Steel and Torrie

1960). The hypotheses tested in this case were:
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The test criteria are defined as:

0w

estimate of the partial regression coefficients

standard error of the estimate of the partial
regression coefficient
The probability level used in both the F test and the Student's t test

was o=0,05,

To depict the relationship between drift density at I[FG-4 sites and
drift density at head sites, the drift data (counts) were plotted on a
two dimensional cartisian plane. The counts were plotted in three ways:
1} head counts versus IFG-4 counts for all samples collected, 2) head
counts versus IFG-4 counts for each samhfﬁﬁg meath, and 3) head counts
versus I[FG-4 counts for each sampling location. For these piots, the
number of invertebrates in each group were standardized and multiplied
by 1,000 tc estimate the rumber of organisms caught per i$000 cubic feet
of water filtered through each net. Standardized data were transformed

using the natural logarithm transformation (Tege [x+11).

2.3.2 Benthic Invertebrates

2.3.2.1 Standing Crop Estimation

ot

Benthic samples were used to estimate the standing crop of benthic

invertebrates present at each of the four study sites. Mean densities
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(i.e., average number of individuals per unit area) reported in English
units (e.g., square feet and square yards), were used to describe the
abundance of individuals. Benthic invertebrates were first identified
and counted for each sgm&?eg These counts represented the number of
organisms or groups occurring in an area 1.08 foot square (ft2)., The
average number of organisms or groups per unit area was calculated by
dividing the total number of an organism or group in all samples by the
number of samples. The relative density of an organism or group at a
particular study site was then determined by placing the calculated mean
density of that organism or group into one of four classes representing
different orders of magnitude. The classes used were: Rare (0.1 -
0.9/yd?), Sparse (1.0 - 9.9/yd?), Common (10.0 - 99.9/7d2), and Abundant
(100.0 - 999.9/ydz),

The diversity and eveness of the benthic invertebrate community 1in
riffle, run, and pool habitats in the side channels and side sloughs was
calculated using the Shannon-Weaver diversity index (Poole 1974). Both
insect taxa and non-insect taxa were used in the calculation of the
index. The formulae for the Shannon-Weaver diversity dindex and the

eveness index are shown in Appendix D.

2.3.2.2 Suitability Criteria Development

Weighted habitat criteria representing a particular species/life phase
nreference for a particular habitat variable were developed for benthic
food organisms for input into a habitat simslation model used to calcu-

Tate usable benthic invertebrate hapitat area., Due to the small numbers

jat}
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of many of the benthic food taxa sampled and problems associated with
interpreting numerous weighted habitat criteria for each taxa, weighted
habitat criteria were only developed for four behavioral g¢groupings of
benthic food organisms: burrowers, sprawlers, swimmers, and clingers
(Merritt and Cummins 1978). Table 3 Tists each behavioral group, its
general description, and the invertebrate taxa belonging to each

category.

Weighted habitat criteria are typically expressed in the form of habitat
curves which describe the relative usability of different levels of a
particular habitat variable for a particular species/life phase, with
the peak indicating greatest usability and the tails tapering towards
less usable values. Curves are typically developed for each habitat
variable considered to influence the selection of habitat for the
species/1ife phase of interest. Three types of habitat curves are
typically constructed: utilization, preference, and/or suitability. A
detailed description of each curve type and its usage in habitat

simulation models is presented in Vincent-Lang et al. (1984).

In this report, utilization curves were modified using pertinent litera-
ture and professional judgement to define weighted habitat suitability
criteria for selected behavioral groupings of benthic invertebrates.
Weighted habitat suitability criteria were developed for the three
habitat wvariables considered of greatest importance to benthic
invertebrates: depth, velocity, and substrate. Due to the Timited data

base that could be used for the development of weighted habitat



Table 3. iavertebrate taxa grouped by behavioral type (Merritt and Cummins, 1878).

R

Behavioral Ty

@

&

Description

invertebrate Taxa

Burrowsrs

Clingers

Sprawlers

Swimmers

inhabiting the fine sediments of streams (pools).
Some construct discrete burrows which may have sand
grain tubes extending above the surface of the
substrate or the individuals may ingest their way
through the sediments (examples: Diptera; most
Chircnominae, Chircnomini-"blood worm® midges]).

Representatives have behavioral (e.g., fixed
retreat construction) and morphological (e.g.,
iong, curved tarsal claws, dorso-ventral flattening
and ventral gills arranged as a sucker) adaptations
for attachment to surfaces in stream riffles
{examples: Ephemeroptera, Heptagensidae;
Trichoptera, Hydropsychidae).

Inhabiting the surface of flosting leaves of
vascular hydrophytes or fine sediments, usually
with modifications for staying on top of the
substrate and maintaining the respiratory surfaces
free of silt (examples: Ephemeroptera, Caenidae).

Adapted for "fishlike" swimming in lotic or lentic
habitats. fIndividuals usually cling to submerged
objects, such as rocks (lotic riffles) or vascular
slants {(lentic), between short bursts of swimming
(examples: Ephemeroptera in the families
Siphlonuridae, Leptophlebiidae).

Tipulidae
Chironomidase
Psychodidae

Chioroperiidae
Ephemerellidae
Heptageniidae
Hydropsychidae
Periodidae
Rhyacophiiidae
Simyliiidae
Taeniopterygidae

Capniidae
Limnephilidae
Nemouridae

Baetidae
Siphlonuridae

!

yAC
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suitability criteria, benthic invertebrate data were pooled from all

sites and both benthic sampling periods.

The first step in the development of weighted habitat suitability
criteria involved the construction of utilization curves for depth,
v%iqcityg and substrate. Because depth and velocity were measured in
the field to the nearest 0.1 ft and 0.1 ft/sec, respectively, the
initial wutilization plots were constructed using these dintervals.
However, since sample numbers were low within these measurement inter-
vals and variances were high, intervals were grouped together (Table 4).
Grouping of intervals was done by best visual fit of the data by con-
sidering the relative number of samples representing each increment, the
number of dirregular fluctuations present between different increment

sizes, and the accuracy of the depth and velocity data collected.

Substrate was determined in the field according to discrete substrate
class increments (e.g., silt, sand, gravel, etc.). Since sample numbers
were low within these substrate increments and variances were high
substrate increments were grouped for the construction of the initial
utilization plots (Table 5). As for depth and velocity, grouping of
intervals was done by best visual fit of the data by considering the
retative number of samples representing each increment, the number of

irreguiar fluctuations present between different increment sizes, and

the accuracy of the depth and velocity data collected.
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Relative utilization for each of these hahitat variables was then
derived by taking the total number of individuals of within each inter-
val at a particular depth, velocity, or substrate increment and dividing
by the total number of samples having that same depth, velocity, or
substrate value. The resulting means (mean number of group iﬁé%viduu
als/sample) were plotted against their corresponding depth, velocity,
and substrate groupings to provide utilization curves of the three
habitat variables for all four béhaviar&? groups. To calculate a
ytilization index of 0.0 to 1.0 for the increments of each histogram,
each increment mean was divided by the largest mean determined on that
histogram. In addition, a 95% confidence interval for the mean was

calculated for the increments of all histograms.

Table 4. Depth and velocity increments dsed for suitability criteris
development

Velocity Depth
(ft) (ft/sec)
Increment Number Increment Range Increment Number  Increment Range

1 0.6 - 0.4 1 0.0

Z 0.4 - 0.8 Z 0.0 - 0.2

3 0.8 - 1.2 3 0.2 - 0.4

4 1.2 - 1.6 4 0.4 - 0.6

5 1.6 -« 2.0 5 0.6 - 0.8
b 0.8 - 1.0
7 1.0 - 1.2
8 1.2 - 1.4
9 1.4 - 1.6
10 1.6 - 2.0
11 2.0 - 2.6
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Table 5. Substrate class groupings used for suitability criteria

development.
Class Number Class Range Description
1 1.0 - 4.0 Silt - Sand/Small Gravel
2 5.0 = 7.0 Small Gravel - Large Gravel
3 8.0 - 10.0 Large Gravel/Rubble - Rubble/Cobble
4 11.0 - 13.0 Cobble - Boulder

Weighted habitat suitability criteria were then developed for each
habitat variable for each of the four behavioral types based on the
developed utilization curves, as modified using pertinent literature and
professional judgement. In general, for ranges where utilization data
were present, the utilization curve was used to define weighted habitat
suitability criteria. For ranges which there was no utilization data,
pertinent literature, professional judgement, and the general trends in
the utilization data were used to define weighted habitat suitability
criteria. Literature used to help 1in determining weighted habitat
suitability criteria included: Kennedy 1976, Newell 1976, Bjornn et al.
1977, Gore 1978, Harris and Lawrence 1978, Hubbard and Peters 1978,
Surdick and Gaufin 1978, Judy and Gore 1979, White et al. 1981, and
Anderson 1982,

Mean water column velocities were measured in this study as opposed to
noint velocities at the substrate surface so as to validate the use of
the resultant weighted habitat suitability criteria in the HABTAT model

oy
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wnich uses mean water column velocities to project usable habitat area.
Use of mean water velocities is consistent with that of other
researchers finvolved with habitat simulation modelling for benthic

invertebrates (Judy and Gore 1979).

2.3.2.3 Weighted Usable Area

The HABTAT habitat simulation model of the IFG (Milhous et al. 1981) was
used to project weighted usable area (WUA) of benthic invertebrate
habitat at cach site. To calculate WUA, weighted habitat suitability
criteria for depth, velocity. and substrate for each behavioral group
were inputed using the standard calculation technique to calculate a
Joint Preference Factor (Judy and Gore 1979) along with the IFG-4
hydraulic simulation modelling details for each study site (Vincent-Lang
et al. 1984), into the HABTAT habitat simulation computer model. Use of
the physical simulation models developed during the 1983 open water
field season (Vincent-Lang et al. 1984) was considered valid in this
analysis as, although specific changes 1in chanpel geometry and
morphology may have occurred at a particular sﬁudy,siteg such change
nrobably reflect a dynamic, but generally stable equilibrium at the
study site. Therefore, such changes are believed to exert only a
Timited influence on the Jong-term habitat availability at a study site,
validating the use the modeis in this analysis. A detailed explanation
of the steps invelved in calculating WUA is provided in Vincent-Lang et

ai. (1984).
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Gross surface area at each study site and WUA for each behavioral group
at each study site were projected over the range of site flows from
5.0-600.0 cvs at Stough 9, 5.0-100.0 cfs at Side Channel 10, 5.0-250.0
cfs at Upper Side Channel 11, and 5.0-400.0 cfs at upper Side Channel
21. Resultant WUA projections were then plotted as a function of site
flow %o graphically show the relationship between site flow and WUA for
each behavioral group. In additior. gross surface area was plotted on

each respective figure.

The relationships between WUA and gross surface aresa to mainstem
discharge were alsoc plcetted for periods when the site flow was directly
controlled by mainstem discharge. Additional plote using an expinded
WUA scale were constructed for each site to better depict and compére
trends o WUA as a function of mainstem discharge at and between study
sites. The x-coordinate values on these plots were derived using
site-specific flow/mainstem discharge rating curves presented 1in

Appendix A.

2.3.3 Invertebrate Larval Development

The amount of growth or development of the Tlarva of hemimetabolis
insects was determined by visual inspecticn of the amount of wing
development within the wing pads. Three categories of larvae were
determined: early instar (i.e., the insect shortly after hatching from
the egg), middie finstar, and late instar (the insect shortly before

emergence as adult), If no wing pads were discei~ible or if no wing
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development was discernible within the wing pads, the insects were
considered to be in the early instar stage. Middile instars were con-
sidered to be individuals having wing pads in which the developing wings
had the appearance of venation. If wing pads contained flight wings
which appeared near full development, the insects were considered to be
in the late instar stage. Wing pads in this last stage of development
appeared dark as a result of the tight folding of the flight wing inside
the pads.

2.3.4 Juvenile Ch%n@gk”Sa?mﬁﬁ

The stomach content data from juvenile chinook saTan were pooled for
all sites and sampling dates and grouped into the eight taxonomic
categories listed in Section 2.3.1. Percent composition of each cate-
gory was determined and displayed as pie diagrams. In addition to the
taxonomic groupings, the aquatic insects found in the juvenile chinook
stomachs were grouped by behavioral type as shown in Table 3. The
percent composition of each behavioral group was determined and also
represented as pie diagrams. In addition tr. the pie diagrams, juvenile
chinook salmon stomach content data were pv . =ted in the form of bar
diagrams. For these diagrams, all sites were pooled for comparison of
the relative contribution of the different taxonomic groups on the four

sampling dates.

%L
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Benthic invertebrate and invertebrate drift data were also presented in
pie diagrams for comparison with the juvenile chinook stomach content
data. Pie diagrams of the benthic and drift data were made with the
same eight taxonomic groupings and the four aquatic insect behavioral

types.
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3.0 RESULTS

3.1 Invertebrate Drift

Six orders, representing 30 families of aquatic and semi-aquatic in=
sects, and eight orders not identified to the family level were collect-
ed within the four study sites during the 1984 open water study period.
In addition, eleven non-insect aquatic and non-aquatic groups were also

collected (Appendix Table B-1).

The most freguently occurring invertebrate groups in drift samples were
dipteran flies and ephemeropterans (mayflies) with Plecopterans
(stoneflies) being the third most frequently encountered insect group
(Appendix Table B-2 through B-5). Chirohcmid flies and baetid mayflies
made up the majority of individuals in Diptera and Ephemeroptera,
respectively, whereas no family was dominant in Plecoptera. Chironomids
Qawe relatively abundant throughout the entire sampling period while
ephemeropterans were relatively common only in early June. Plecopterans
were more common in early August than in early June. The density of
these three insect groups was generally greater at head sampling sites

than at IFG-4 sampling sites (Table 6).

Scatter plots, showing the Tinear relationship between drifting inver-
tebrates grouped as Collembola, Ephemeroptera, Plecoptera, Trichoptera,
Diptera larvae, Diptera adults, Other Insects, and Other Invertebrates
are shown in Figures 7 and 8. These two figures show the relationships

of drifting invertebrates under breached conditions. The plots reveal

24



Table 6.
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1984
(0.001-0.009/yd3), S=Sparse (0.010-0.09/yd3),
(1.000-9.90/yd?).

FT

Middie Susitna

River,

Alaska.

Relative density of invertebrate drift per cublc yard of water by site and drift net
Juns through August

R=Rare

C=Comman (0.700-0.90/yd?), A=Abundant
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Table 6 (Continued).

L

P

Upper
Stough 9 Side Channel 10 Side Channel 11 Stough 21
Site Head FFG~4 Head PG4 Head 1FG=4 Head [FC-&4
Diptera S R S - S S S R
Ceratopogonidae R R R S S R 3 S
Chironomidae A C A C A A C A
Cuyicidae - = - - - R - -
Dixidae - - - @ R R = -
Empididae R S 5 S K3 S C R
Muscidae = - = - K R - R
Psychodidae - R - R R R - -
Simuyliidae C S C C C 5 § R
Stratiomyidae = = - - R = - -
Syrphidae - - - = R R - -
Tipulidae R R 5 R 5 S ] R
TOTAL Diptera A C A A A A A A
Hymenoptera S 5 S 5 5 S C C
HYDROZOA “ - N - - - - R
MEMATODA - - § R R R - -
OLIGOCHAETA S $ C 5 S S - 9
CRUSTACEA
Cladocera 5 5 - - R R “ -
Podocaopa R R S - - R - R
Eucopepouda S S 5 S R S - -
Amphipoda - - - - R R - -
TOTAL CRUSTACEA S S S S S S - R
ARACHNIDA
Araneae R R R R S R R
Acari 4 § S $ S S 5
TOTAL ARACHNIDA 5 5 S 5 S 5 - 8
CHILOPODA - - - - R - - -
GASTROPODA = - - - R R -
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in all cases that the numbers of individuals at TFG-4 sites increase as
the number of individuals at head sites dincrease. The slope of the
regression equation for all plcts, however, suggest that proportionately
fewer invertebrates were found in the drift at IFG-4 sampling sites than
at head sampling sites. Coefficient of determination values (r2) for
the plots ranged from 0.14 to 0.89 with the upper Side Channel 21 data
having 7he Towest value. This sampling location was frequently un-
breached or at initial breaching during sampling periods resulting in

few drift samples being taken at this location.

The vresults of the multiple regression F test indicated that the
variation in drift numbers at the IFG-4 sites (y) could be "explained”
by the variation in drift numbers at the head sites (xl)ﬁ volume of
water filtered at head sites (xz), and volume of water filtered at the
IFG=4 sites (xB)e However, the results of the Student's t tests
indicated that the vregression coefficient (82) for Xo Was not
significantly different from zero. Accordingly, a new general Tinear

model was evaluated which did not utilize Xs e The new model was:
Y= By ByXy F BgXg toe

where the symbols are same defined in section 2.3.1. The F test for
this model indicated that the variation in drift numbers at the IFG-4
sites (y) could be "explained" by the variation in drift numbers at the
head sites {XZ) and the volume of watered Tiltered from samples at the

[FG-4 sites {xg}g The Student's t test results for this model indicated

s

ek
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that By and By were significantly different from zero (at o = 0.05).
Accordingly, at mainstem discharge levels which exceed controlling
breaching values, there doss anpear to be a relationship between
composition and abundance of the drift at the IFG-4 sites versus that at
the head sites. The specific details of the general linear models

summarized above are presented in Appendix C.

On 14 occasions, an invertebrate group was found only at the IFG-4 or
the head sampling ¢ite during sampling periods. This phenomenon oc-
curred among the Collembola, Ephemeroptera, Plecoptera, Trichoptera,
Diptera larvae, and Other Invertebrates groups at least once at each of

the four sampling reaches,

The density and rate of drift among the eight invertebrate groups is
shown in Appendix Table B-6. This table includes densities of drifiing
invertebrate groups and rates of drift under breached and unbreached
conditions. In general, the densities of drifting organisms and rates
of drift were higher at head sampling sites than at IFG-4 sampling sites
during periods of breaching. However, the rate of drift at the head or
IFG-4 site was in some instances lower or higher than expected for the
corresponding density for drifting organisms in the water columns. For
example, in the Total Invertebrates category at the head sampling site
in Slough 9 during the June 7-14 sampling period thers were 149
organisms per cubic yard of water and a corresponding rate of drift of
11.98 organisms per minute. In comparison, during the August 9-16

sampling period the density of drifting organisms in a cubic yard of

a0
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water was 3.03 organisms but with a lower than expected corresponding
drift rate of 8.91 organisms per minute (Appendix Table B-6). In
another instance, the density and rate of drift of total invertebrates
at the head site of Side Channel 10 was higher than that at the IFG-4
site. During both the June 7-14 and July 7-14 sampling periods the rate
of drift at this head site was not correspondingly higher thar ol ax
the I[FG-4 site for both these sampling periods (Appendix Tanle Bl
Th%'f@aSGﬁ for this is that, though two equal volumes of we¥ar may He.e
the same number of organisms, the rate at which the organisms pass a

point will be different if the velocities of water are different.

3.2 Benthic Invertebrates

Benthos at the four study sites was dominated by aquatic insects (73%)
and oligochaete worms (24%). The remaining 3% of benthos was made up
primarily of flatworms (Turbellaria), nematodes, crustaceans, and
aguatic mites (Acari), with gastropods (snaiis) and pelecypods (clams)
being incidental. 1In all, six orders of aquatic and semi aquatic insect

" and seven classes of non-insects were identified (Appendix Table B-1).

The relative abundance of benthic invertebrates at study sites is shown
in Table 7. The seasonal variation in numbers of invertebrates is
indicated in Appendix Tables B-7 through B-10. In general, higher
numbers of benthic invertebrates were present in study sites during late
August and early September {late summer) than during late June and early
July (early summer). Ephemeropterans and dipterans were the most common

bentic invertebrates in early summzr, whereas plecopterans and

41
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Table 7. Relative density of benthic invertebrates per square yard by site, June through
September 1984, Susitna River Alaska. R=Rare {(0.1-0.9/yd?®), S=Sparse {1.0-9.9/yd?%),
C=Common (10.0-99.9/yd?}, A=Abundant (100.0-999.9/yd?).

Slough 9 Side Channel 10 Upper Side Stough 21
RM 128.3 RM 133.8 Channel 11 R 141.8
RM 136,0
INSECTA
Collembola
isotomidae R = R R
Ephemeroptera
Bastidas b 5 5 $
Ephemerellidae 5 R S R
Heptageniidae 5 S 5 S
Siphlionaridae R R R =
TOTAL Ephemeropters S S C C
Plecoptera
Capniidae 5 C 5 R
Chioroperlidae S S S S
Hemouridae R R S 5
Perlodidae S S 3 3
Taeniopterygidae 5 R R -
TOTAL Plecoptera C C c C
Coleoptera
UDytiscidae - - - R
Trichoptera
Hydropsychidae - - - R
Hydroptilidae - = - R
Limnephilidae ] 5 R C
Rhyaco nilidae R - S -
TOTAL Trichoptera 5 3 S C
Dipters
Caratopogonidae R - R ®
Chironomidae C C C A
Empididae R S R $
tuscidae = - = R
Psychodidae - - R R
Simuliidae R R R R
Tiputidae R 5 R 8
TOTAL Diptera C C C A
TURBELLARIA - - 5 )
MEMATODA R R i3 R
OLIGOCHAETA C 3 C A
CRUSTACER
Cladocera R - - -
tucopeopoda 7 - R R
Padocops - R -
TOTAL CRUSTACEA i R R R
ARACHNIDA
Acari R R R 5
CASTROPODA - - R

FoLECYPQDA - - R’
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dipterans were the most common groups in late summer. Fewer dipterans
were present in benthic samples in early summer than in late summer.
Upper Side Channel 11 and upper Side Channel 21 typically had the
highest numbers of benthic invertebrates present in the benthos. The
most common benthic groups at these sites were dipterans and oligo-

chaetes {Appendix Table B-8 and B-10).

Chirenomid midges, oligochaetes, capniid stoneflies, and baeti” and
heptageniid mayflies were tﬁe most common benthic invertebrate families
at the four study sites. High numbers of baetids and heptageniids were
present in early summer, whereas capniids were most abundant in Tlate
summer. The highest numbers of chironomids occurred in late summer

{Appendix Tables B-7 through B-10).

The mean density of benthic invertebrates commonly preyed on by juvenile
salmonids are presented by behavioral type, according to macrohabitat
(i.e., slough or side channel) anc microhabitat type (i.e., pool,
riffle, or run) in Figure 9. In general, the data showed that side
stough macrohabitats had higher densities of benthic invertebrates than
side channel macrohabitats. The data also showed that riffles were the
only microhabitat type in which all four behavioral types were present
in densities over Tive individuals per square yard. Pools had the least
number of behavioral types. Burrowers, comprised primarily of chirono-
mid midges, were typical in each of the microhabitat types but were most
compon in pools. Clingers which include such families as Heptageniidae

(Ephemeroptera), Hydropsychidae (Trichoptera), and Simuliidae (Dipteral,

4%
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and swimmers and sprawlers which include Baetidae (Ephemeroptera:
swimmer), Nemouridae (Plecoptera: sprawler), and Limnephilidae (Tri-
choptera: sprawler) occurred in both riffle and run microhabitats but

were more common in riffle microhabitat types.

3.2.1 Benthic Habitat Suitability Criteria

Utilization histograms for the habitat variables of depth, velocity, and
substrate were constructed for the four benthic invertebrate behavioral
groups: burrowers, swimmers, clingers, and sprawlers (Figure 10-21).
These utilization curves were then modified using pertinent literature
and professional Judgement to derive weighted habitat suitability
criteria (Table 8) for input in the HABTAT habitat simulation model.
The derivation of the weighted habitat suitability criteria for each

habitat variable and each behavioral grouping is presented below.

3.2.1.1 Depth

Based on frequency analysis and professional judgement, the depth
utilization histograms for the four behavioral groups (Figure 10-13) did
not appear to show that a clear relationship existed between the
densities of benthic organisms present and tha ranges of depth utilized.
Because of this, a suitability index value of 0.00 was assigned to a
depth of 0.0 ft. and a suitability index value of 1.00 was assigned to

all depths greater than 0.0 ft.
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Table 8 Suitebility criteria values for invertebrate behavioral groups for depth, velocity, and substrate type, middie Susitna
River, 13984,
Burrower Swimmer Clinger Sprawler )
substrate suitabitity substrate suttability substrate suitabiliity substrate suitabi i1ty
Depth 0.0 0.00 0.0 0.00 0.0 0.00 0.0 .00
0.1 1.00 0.1 1.00 €.1 1.00 0.1 1.00
10.0 1.00 10.0 1.00 0.0 .00 10.0 1.00
Burrower Swimmer Clinger
veliocity velocity vetocity velocity
{ft/sec) suitability {ft/sec) suitability {ftisec) suitability (ft/sec) suitability
Velocity 0.0 1.00 0.0 6.02 0.0 6.03 0.0 1.00
8.5 0.19 0.9 .16 0.9 8.23 3.0 1.00
2.3 0.19 1.8 0.54 1.5 0.48 4.0 0.00
3.0 0.00 2.1 1.00 1.8 1.00
3.0 0.5% 2.3 .90
4.3 .00 3.0 G.10
4.0 G.00
5y Surrower Swimmer L1inger ;
i%% substrate suttabiiity substrate suttability substrate suitabi 11ty supstrate syitability
Substrate 1.0 1.00 1.0 6.00 1.0 0.03 1.0 0,28
5.0 0.2¢ 4,0 0.00 3.0 .03 3.0 g.24
13.¢C 0.2¢ 6.0 0.83 6.0 0.52 6.0 0.83
2.0 1.00 2.0 1.60 $.0 1.00
12.0 0.25 12.0 0.42 12.0 0.43
13.0 C.42 13.0 0.43
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3.2.1.2 Velocity

The velocity histograms (Figure 14-17) for each of the behavioral
groupings with the exception of sprawlers revealed that a clear
relationship existed between the densities of organisms present and
incremental changes in water velocity. The derivation of the velocity

suitability criteria for each behavioral grouping is presented below.

The relationship between sprawler densities and water velocity was not
clearly defined by the utilization curve for sprawlers (Figure 17).
Very early instar sprawlers were dominant at low velocity (0.0 to 0.6
ft/sec) whereas early, middle, and late instar sprawlers were dominant
at high water velocities (1.6-2.6 ft/sec). This coupled with the
overall total small catch of sprawlers did not lead to a clear velocity
utilization pattern for sprawlers. However, because sprawlers appeared
to be equally distributed over the range of velocities observed to be
utilized, a suitability index of 1.00 was assigned to the overall range
of water velocities from 0.0 to 4.0 ft/sec. Four feet per second was
used as an endpoint as this was considered the water velocity which
becomes uninhabitable inhabitable by sprawler type organisms (Harris and

Lawrence 1978, Surdick Gaufin 1978).

The velocity utilization histogram for burrowers (Figure 14) showed
greatest densities at a water velocity of 0.0 ft/sec. As a result, this
velocity was assigned a suitability index of 1.00. This is supported by

findings of other researchers who have shown similar results for benthic

o
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invertebrates belonging to the burrower behavioral type (White et al.
1981, Anderson 1982). A suitability index of 0.19 was assigned to the
range of water velocities from 0.5 ft/sec to 2.3 ft/sec based on the
utilization data. It is possiblie that numerous species of chironomid
midges, the predominant burrower taxa, inhabiting the Susitna River have
different velocity requirements, but due to the limited data collected
in this study, we did not feel confident in describing a bimodal
velocity suitability curve for burrowers as the utilization data
suggests. A suitability of 0.00 was assigned to 3.0 ft/sec as Anderson
(1982) showed that Chironomidae, a common burrow type organisms, had the

Towest mean number of individuals at this velocity.

The assignment of velocity suitability indices for swimmers generally
followed the wutilization histogram for this behavioral grouping.
Outside the range of utilization dats available, suitabi?ity indices
were assigned based on literature., A water velocity of 3.0 ft/sec was
assigned a suitability index of 0.54 based on findings by Judy and Gore
(1979) and Anderson (1982). A suitability index of 0.0 was assigned to
a velocity of 4.3 ft/sec as this is considered the liwmit of water

velocities inhabitable by swimmer type organisms (Judy and Gore 1979),.

The observed utilization patterns for clingers in this study (Figure 6)
generally matched well in comparisons with work done by Newell (1976),
Anderson (1982), Judy and Gore (1979).  Therefor, corresponding
suitability values were assigned based on the utilization histogram for
this behavioral group. Newell's (1976) and Andersen's (1982) Findings

were used to describe suitability beyond the range of the utilization
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data. Based on their findings, a velocity of 3.0 ft/sec was assigned a
suitability index of .10 and 4.0 ft/sec was assigned a suitability

index of 0,00,
3.2.1.3 Substrate

ATl benthic invertebrate behavioral groups showed relationships between
densities of benthic organisms and substrate size. Based on the
utilization histogram, burrowers had their highest densities in silt to
sand/small gravel substrates (Figure 18). This coupled with findings by
Kennedy (1967) and Bjornn et al. (1977), which support burrower type
benthic invertebrates' wutilization of fine substrates, lead to the
assignment of a suitability index of 1.0 to silt substrates. Because
utiltization of small gravel through boulder substrates was fairly
uniform, a Suétabiifty index of 0.26 was assigned to this range of
substrate sizes based on the relative utilization data. The uniform
utilization is likely due to the presence of more than one species of

chironomids.

The assignment of substrate suitabiiity indices for swimmers generally
followed the utilization histogram for this behavioral grouping (Figure
19). Because the highest densities of swimmers were on large gravel/-
rubble to rubble/cobble substrates, this substrate class was assigned a
suitability index of 1.00. Assignments of suitability indices for other
substrate classes generally followed the utilization histogram for this

behavioral grouping. These substrate utilization trends compare well

Lk
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with resuits obtained by Bjornn et al. (1977) and Judy and Gore (1979)

for swimmer type benthic invertebrates.

substrate utilization results for clingers were also similar to results
obtained by Bjornn et al. (1977). As with swimmers, large gravel/rubble
through rubble/cobble substrate had the highest densities of clingers
(Figure 20). Assignments of suitability indices for other substrate
classes generally followed the utilization histogram for this behavioral

grouping.

Sprawler densities were also highest on large gravel/rubble through
rubble/cobble substrate (Figure 21). As a result, this substrate class
was assigned a suitability index of 1.00. &ss%gﬂmeﬂt o? suitability
indices on the tails of the sprawler utilization histogram generally
followed the utilization data. These results agree well with findings
by Merritt and Cummins (1975) and Anderson (1982) for sprawler type

benthic invertebrates.

3.3.2 Benthic Weighted Usable Area Projections

Projections of the gross surface area and WUA of burrower, swimmer,
clinger, and sprawler invertebrate habitat as a function of site flow in
Stough 9, Side Channel 10, Upper Side Channel 11, and upper Side Channel
21 are shown 1in Figures 22-25. For the range of site flows at each
study site that are directly controlled by mainstem discharge, the gross
surface area and WUA projections as a function of mainstem discharge are

also presented,
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Typically, projections of gross surface area at each of the study sites
increase over the range of site flows and mainstem discharges modeiled.
The most rapid increases in gross surface area generally occur at the
lower site flows prior to each site becoming breached and subsequently
controlled by mainstem discharge. Subsequent to the site flows becoming
controlled by mainstem discharge, the increases in gross surface area

begin to level off.

The projections of WUA of swimmer, clinger, and sprawler habitat at each
study site generally followed similar trends as the projections of gross
surface area with the exception that WUA projections peaked or leveled
off at some site flow/mainstem discharge. In contrast, the projections
of burrower WUA typically decreased over the range of site flows/-
mainstem discharges modelied. Typically, the projection of WUA of each
of these behavioral groups were less than 30% of the projected gross

syrface area.

The WUA for swimmer, clinger, and sprawler habitat in Slough 9 peaked at
a mainstem discharge between 28,000 and 33,000 cfs (Figure 22). The
maximum WUA for sprawler habitat, however, wil approximately double the
maximum WUA of either swimmer or clinger habitat. TIn contrast, WUA of
burrower habitat decreased over the entire reage of mainstem discharges
modelled. The initial and controlling breaching discharges for Slough 9

are 16,000 and 19,000 cfs, respectively.

The WUA of swimmer, clinger, and sprawler habitat did not peak at any of

the wainstem discharges modelled in either Side Channel 10 or Upper Side

o e
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Channel 11 (Figures 23 and 24). The WUA for these behavioral groups
increased with increasing mainstem discharge. In contrast, burrower WUA
remained relatively coﬂsfanﬁ in Side Channel 10 and declined in Upper
Side Channel 11. The controlling mainstem breaching discharge at Gold
Creek for Side Channel 10 and Upper Side Channel 11 are 19,000 c¢fs and

16,000 c¢fs, respectively.

The amount of WUA of swimmer, clinger, and sprawler habitat in upper
Side Channel 21 peaked at an approximate mainstem discharge of 31,800
cfs. The maximum amount of WUA for sprawler habitat, however, was
approximately triple the amount of WUA of either clinger or sprawler
habitat. Burrower WUA peaked at 21,000 square feet at an approximate
mainstem discharge of 24,000 c¢fs. The controliing mainstem breaching

discharge at upper Side Channel 21 is 24,000 cfs.

3.3 Invertebrate Larval Development

The results of the examination of wing pads from individuals from five
families of Plecoptera and four families of Ephemermptefa are shown in
Table 9. These data reveal that high proportions of Capniidae and
Taeniopterygidae were in Tate instar larval stages in Tate April and mid
May. MNemouridae was probably in the adult and egg stages during this
time period. Proportionately high numbers of early and middle instar
individuals of these stonefly families were present during June through

early October.
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Table 9. Percentage of early, middie, and Jate instar insects and the total number of
individuals examined { }, wmiddle Susitne River, Alaska, Summer 198%. Individuals
examined from April, May, September, and October samples sre from synoptic surveys.

Family/Date June 7 - August 9 -
April 25-26 May 18 July 14 September 9 October 10-11
Hemouridae {1} (Q) {22} {27) {0)
Early 100 @ 95 74 -
Middie e o o 26 o
Late e - 5 we =
Capniidae {1} {3) (%) {237) (21)
Early we - 60 93 58
Middie 5 == . s 1 47
Late 95 100 40 s o
Taeniopterygidae {142} {5} {2} {111) {831)
Early e - 100 100 99
Middlie 81 20 we - 1
Late 19 80 @ - -
Chioroperlidas {9} (1) {71) {35) {0}
Early 11 = 41 74 -
Middie 78 100 49 9 =
Late 11 w 10 17 -
Periodidae {30} (0} {(74) (24} {(3)
Early 30 - 49 100 33
Middle 70 - . e - 67
Late - - 5 - --
Baetidas (123) {1} (399) (19) (%)
Early i3 w= 21 &3 100
Middle 87 100 71 32 =
Late == o= g 5 -
Heptageniidae {10} (0) (168) {63) (8)
Early o= - 74 51 50
Middle 100 - 16 &0 38
Late e - 10 9 12
Ephemerellidae {22) {0) (89) (31) {1)
Farly e - 96 84 100
Middle 100 - fy 16 o
Late -= -- - = -
Siphlonuridae {2} {226) {173 (3) {0)
Early - 13 b 100 e
Middle 100 87 59 e e
Late - e - - =
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During Tate April and middie May, Chloroperlidae and Perlodidae had a
proportionately high number of middle instar individuals present. AT]
three instar groups were present among the Chloroperlidae from June
through early September. Over half the individuals in Perlodidae were
middie and Tate instar individuals in June through mid Jﬁiyg In August
and early September, all the individuals in Perlodidae were early

instar.

High proportions of middle instar individuals were present among the
Ephemeroptera in late April and mid May. There were no late instar
individuals identified among the four families of Ephemeroptera for
these two time periods. From June through mid July, high proportions of
middle inster Baetidae and early instar Heptageniidae and Ephemerellidae
were recorded. Through August and early September Ephemeropteran fam-

ilies had individuals which were mostly early instars.

3.4 Juvenile Chinook Salmon Diet

Seventy two juvenile chinocok salmon ranging in total Tength from 38 mm
to 85 mm (1.49 dn. - 3.35 in.) with a mean total length of 53 mm (2.09
in.) were collected for stomach content analysis. The fish were cap-
tured under both turbid and non-turbid water conditions over all sub-
strate types. Mean water velocities and water depths under these
conditions ranged from approximately 0.0 ft/sec to 1.5 ft/sec and 0.2 ft
to 2.0 feet, respectively. The majority of fish were captured at the

head of pools or runs adjacent to faster water velocities.

s
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The juvenile chinook salmon stomachs examined contained twelve orders of
invertebrates consisting of eleven insect orders and one non-insect
order (Appendix Table E-1). The eleven insect orders were identified to
fifteen families. The majority of juvenile chinook salmon stomachs
examined contained food items. Only two of the stomachs examined were
empty. Figure 26 shows the percent contribution of the total numbers of
seven different invertebrate taxonomical groups. Figure 27 shows the
percent contribution of sixteen benthic invertebrate families grouped

into the four behavioral types used in WUA calculations.

3.5 Turbidity at Study Sites and Mainstem Susitna River

Water samples were collected for measurement of turbidity at Slough 9,
Side Channel 10, Upper Side Channel 11, and upper Side Channel 21 from
June 7 to September 9, 1984. Turbidity measurements of water from the
main channel of the Susitna River were taken monthly at Gold Creek by
the U.S. Geological Survey, Water Resources Section from May 31 to
September 28, 1984. Appendix F-~1 shows the turbidity values obtained

for each of these locations during the invertebrate sampling period.

Turbidity values ranged from one to 344 NTU (Nephelometric Turbidity
Units) at IFG-4 sites and from 28 NTU to 320 NTU at head sites. Side
channel and side slough head sites generally had higher turbidity values
than [FG-4 sites. The [FG-4 sampling site in Upper Side Channel 11 had
the highest turbidity values. Turbidity values at the IFG-4 transect

site in upper Side Channel 21 were relatively low by comparison.

#
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Benthic Invertebrate Sgmples

Burrowers 69%

= Clingers 12%

Sprawlers 4%
Swimmers 5%
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Figure 27  Percent composition of  aquatic  insect
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The breached or unbreached condition of Slough 9, Side Channel 10, Upper
Side Channel 11, and upper Side Channel 21 at the time of water samples
were collected for turbidity measurement is also shown in Appendix F-1.
Stough 9 and Upper Side Channel 11 were almost always breached during
water sampliing. Side Channel 10 and Upper Side Channel 21 were fre-

quently unbreached.
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4.0 DISCUSSION

4.1 Available Food Sources for Juvenile Chinook
Salmon in Side Channels and Side Sloughs

Scatter plots afrTog transformed invertebrate drift data (Figures 7 and
8) indicate that, under breached conditions in side channels and side
sioughs, behaviorally drifting dinvertebrates (e.g., invertebrates
drifting in response to changes in light conditions, at IFG-4 sites were
similar at the family level to those at head sites and that the density
of drifting invertebrates at I[FG-4 sites was only slightly less than
that at head sites. The data also reveal that at or near breaching
discharges, fewer drifting organisms were observed at the [FG-4 sites
than at head sites, whereas during unbreached conditions, IFG-4 sites.
had more drifting ’'nvertebrates than expected (Table 10). Based on
this, it 1is concluded that the invertebrate drift measured at IFG-4
siies Tocated in middie Susitna River side channels and side sloughs is
usually governed by the breaching flows of the mainstem. These flows
presumably transport drifting invertebrates from the mainstem into the
side channels and side sloughs where they become available as potential

food for juvenile salmonids.

In terms of availability, these drifting invertebrates mav be of greater
importance to the feeding juvenile salmonids when their rate of drift
(i.e., the number of drifting invertebrates passing a point per unit of

time) 1is increased. This generally occurred when sample sites were

o
e
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. Standardized densities (me/1000ft?) of drifting invertebrates (invert) and adult aquatic insects {Adult) at head and IFG-%
sites, middie Susitna River, 1284,

Upper Side Channel 17 Side Channel 21 Siough 9 Side Channel 10
HEAD FEG-4 HEAD PFG-& HEAD {FG-4 HEAD HFC-&
Date fnvert Adutt Iawvert Adult tnvert Acult lavert Adult Invert Adult invert Aduit fnvert Adult Invert Adult
June 78 %3 23 &7 22 - - - - - - - - - - - -
June 9-10° - - - - 185 315 1 3 - - - - - - - -
Jupneg 1i-12 - - - - - - - - 32 23 13 8 - - - -
June 13-14° - - - . - - - - - - - - 153 20 110 18
July 7-8 &2 26 30 L - - - - - - - - - - - -
jutly 9-10° - - - - 16 39 3 3 - - - - - - - -
Suly 11-12 - - - - - - - - &1 g 52 23 - - - -
o duly 13-142 - - - - - - - - - - - - 22 6 7 [
%?
August $-10 65 83 &3 46 - - - - - - - - - - - -
August 11-12° - - - - 0 0 53 204 - - - - - - - -
August 13-14 - - - - - - - - 53 60 65 1 - - - -
August 15-16° - - - - - - - - - - - - 0 0 13 26
i &t breaching point
Z sampled one day et head site

unbreached
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breached or at breaching and was generally the result of increased water
velocity from either large volumes of water inundating sample sites or
from small volumes flowing rapidly over the the various study site
substrates. This increased drift rate, which results during maine ™
flows that just breach side channels or side sloughs, may be more
beneficial to feeding fish than the drift which occurs at other times,
since water in the study sites under these conditions is less turbid

enabling fish to more easily see their prey.

The standardized drift data also showed that Ephemeroptera, especially
of the family Baetidae, and Plecoptera, were numerically important drift
components during mid June and mid August, respectively. Chironomid
midges were the most consistently numerous family of dinvertebrates
present in the drift from June through August. There is some evidence
that this pattern in the drift, especially for Ephemeroptera, is related
to the presence of proportionately large numbers of near emerging
adults. Perry and Huston (1983) found that the drift rates of
invertebrates in the Kootenai River below Libby Dam, Montana were higher
during months when common species were near emergence. Hynes (1970},
after reviewing the literature, stated that distinct downstream movement
of some species of Simuliidae, Ephemeroptera, and Plecoptera shortly
before pupation or the emergence of adults was a widespread phenomenon,
Examination of wing pad development among families of Ephemeroptera in
this study showed that this group had proportionately more middle and
Tate instar individuals present during June and early July than during
August. Ephemeropterans reached their highest densities in the drift

and benthos within this same period.

-
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The relatively high densities of Plecoptera in the drift in early-August
may be a result of the higher numbers of early instar individuals in the
benthos. Early instar Plecoptera weve common n the drift during this
time, Waters (1972), 1in reviewing the literature, found that some
species of insects have been observed to have their greatest drift rate

during early 1ife cycle stages.

Besides behavioral drift from the mainstem, there is another possible
kind of drift that could occur in side channels and side sloughs which
would make invertebrates available as food. This drift is termed
catastrophic drift (Waters 1972). Catastrophic drift can occur under
two circumstances: 1) when there is physical disturbance of the bottom
fauna, usually by a flood event {Anderson and Lehmkuhl 1968, Scullion
and Sinton 1983); or 2) under conditions of receding water as a result
of reductions in flow (Minshall and Winger 1968, White et al. 1981). In
upper Side Channe! 21, there is the possibility that conditions are
ideal for drift of this nature to occur as a result of the first
circumstance. In S$To. . 9, Side Channel 10, and Upper Side Channel 11
catastrophic drift could possibly occur as a result of the second
circumstance., An increase 1in the amount of potential fish food
organisms made available through catastrophic drift of the first
circumstance however is probably not of significance in side channels
and side sioughs of the middle Susitna River under curvent conditions.
Any catastrophic drift which does occur is probably masked by the volume
of behaviorally drifting invertebrates immigrating from the mainstem.

In Slough 9, Side Channel 10, and Upper Side Channel 11 it is likely
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that major catastrophic drift occurs but probably is limited to a few
cccurrences during the entire open water season and then possibly only

in August or September during receding flows.

4.2 Effects of Flow on the Distribution and Abundance of Benthic

Invertebrates in Side Channels and Side Sloughs

Categorizing important fish food organisms into behav%éwai groups proved
to be a valuable tool in projecting the habitat preferences and weighted
usable habitat area when the mean density of these organisms was less
than 500 individuals per square yard. By gf@upiﬂg organisms on a
behavioral basis, it was possible to evaluate group preferences for
specific velocities and substrate types which otherwise would be

undetectable if organisms were treated on a taxonomic basis.

4.2.1 Habitat Suiﬁ@bii%ty

Four behavioral groups of benthic invertebrates were fidentified which
reflected basic habitat oreferences: burrower, swimmer, clingsr, and
sprawler. In general, burrowers were reflective of slower deeper
waters, such as pools, and swimmers, clingers, and sprawlers were
reflective of faster shallower waters, such as riffles and runs.
Pool-like habitats are typical of the backwater zones at the mouths of
side channels and side sloughs whereas, riffle and run habicats are more

typical of the head and wmiddie portions.
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The relationship betwcen behavioral type and habitat type are likely the
result of morphological and physiclogical adaptations of benthic
organisms to their environment. For example, swimmers and clingers
(which include baetid and heptageniid mayflies), are laterally com-
pressed and dorso-ventrally flattened respectively and usually have
higher oxygen requirements than other insects (e.g. Chironomidae) and
therefore would more likely be found in faster flowing water (Hynes
1970). Burrowers on the other hand are cylindrical in shape and are
adapted for digging in fine mineral or organic substrates (e.g. silt and
sand), This group would more likely be found in slower moving waters

such as pools.

The numerical productivity and community structure of invertebrates in
riffle, run, and pool habitats of side channels and side sloughs of the
middle Susitna River in presented in Table 11. In general, riffle and
run habitats had a more diverse and evenly distributed assemblages of
taxa than pools. Numerically, pool habitats appeared to be the more
productive habitat during late summer. Production based on this
measure, however, is not conclusive and riffles and runs are probably
more important on a biomass scale. Hynes (1970) states that in general
riffles are more productive than pools, in part because of the diverse
number of micvrohabitats which could be occupied by orgenisms of various
sizes., The diversity, eveness, and mean number of taxa calculated for
riffles anc runs appears to substantiate Hynes' conclusion.  The
diversity, eveness, and number of taxa in riffles and runs were consis-
tently higher than in pools, probably because of the limited number of
microniches available to invertebrates in this habitat type.

'e;
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fabie 11, Diversity & S.E., eveness (Poole 1974}, density, and number of taxa of benthic invertebrate communities from riffls, run, and
pooi habitats in side channels and side sloughs of the middle Susitna River, Alaska, 198&. Density and number of taxa are

reported as the number per sguare yard 98% confidence interval,

Diversity (H'x S.E.} Eveness {J%} Density {no./yd®} MNo. Taxa No. Samples

Early-Mid Summer®

Side 3%ﬁaghs§
Riffie” 2.83 % 0.06 0.59 434.% % 39% .1 5.9 4 2.5 5
&
Run™ 2.60 £ 0.09 0.64 151.2 = 80.7 5.1 £ 1.8 23
Pooi® - - - e -
Side C&&mﬁei:f
Riffle 2.81 % 0.09 G.72 85.8 £ 44,5 5.0 %+ 1.3 24
fan 2.6% % 0,13 0.72 6.2 + 24.4 2.7 £ 0.8 26
Pool - ) - ‘ - - -
Late Summeﬁg
Side Sloughs
Riffle 1.90 % 0.10 0.48 317.5 £ 331.0 5.0 & 2.4 9
Run 1.64 2 0,06 .39 163.0 = 76.4 2.7 £ 0.5 44
Pool 0.72 = 0.15 G.25 195.7 % 383.0 2.7 £ 3.3 6
Side Channels
Riffle 2.55% + 0.09 0.62 i65.5 = 79.8 &6 &£ 1.4 19
Run 1.70 + 0.09 .40 153.7 £+ 87.% 3.0 £ 1.0 31
Ponl 0.69 % 0.11 6.22 286.4 = 270.5 3.0 2 2.1 7

/24784 through 7/10/84,

o Steugh 1 and Side Channel 21 transects.

c transects having an average depth £ 0.33 feet and an average current velocity 2 0.33 feet per second.

@ transects having an average depth between (.34 feet and 0.99 feet and an average current < 0.33 feet per second.
“ ts having an average depth 2 1.00 feet and an average current velocity < 0.33 feet per second.

’ nnel 10 and Upper Side Channe’ 11 transects.

ough 9/7/84,



DRAFT

4.2.2 Weighted Usable Area

Projections of weighted usable area (WUA) for the four behavioral groups
is a measure of the amount of riffle~-like and pool-l1ike habitat made
available to colonizing organisms at various site flows and mainstem
discharges. At all four study Tocations, burrower WUA generally
decreased with fincreasing site flows and mainstem discharge at Upper
Side Channel 11 and upper Side Channel 21 were the only two Tocations
which had an increase in the amount of burrower WUA between initial and
controlling discharges. These changes in WUA are probably the result of
changes 1in the area of backwater zone at each study site. Apparently,
the hydraulic conditions of these zones begin to simulate those of a
deep run at mainstem discharges above those which initiate controlling

flow through side channels and side sloughs.

The amount of WUA for swimmer, clinger, and sprawicr behavioral groups
peaked at a mainstem discharge between 28,000 cfs and 31,200 c¢fs in
Slough 9 and upper Side Channel 21. The high amount of sprawler habitat
~at these two sites and at Side Channel 10 and Upper Side Channel 11 s
probably a reflection of this behavioral groups use of a wide range of
velocities and substrates during the course of dits 1ife history.
Sprawlers were cemprised primarily of stoneflies from the families
Capniidae and Nemouridae.
The habitat used by swimmer and clinger behavioral groups were less

varied than that utilized by sprawlers. The suitability indices for

5 o
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these two groups showed a marked preference for velocities between 1.8
ft/sec and 2.2 ft/sec and substrates comprised primarily of rubble.
This preference resulted in & distinct increase in WUA for mainstem

discharges up to 31,200 cfs at which point WUA began to decline.

Projections of WUA for swimmers and clingers did not show a peak for
Side Channel 10 and Upper Side Channel 11. This was probably the result
of the limitations of the hydraulic model for these two study locations
which do not permit predictions of WUA at mainstem discharges beyond
25,300 cfs and side channel flows beyond 100 c¢fs in Side Channel 10 and
250 c¢fs in Upper Side Channel 11. The mainstem discharge at which WUA
for swimmers and clingers reaches a maximum in these two side chaane?gl
is not kﬂcwng’ Howeverg the greatest WUA projected was at a mainstem

discharge between 25,200 cfs and 25,500 cfs.

4.3 Utilization of Available Food by Juvenile Chinook Salmon in Side

Channels and Side Sloughs

The 1984 FAS and previous Susitna River studies (ADF&G 1978, ADF&G
1983a) have shown that juvenile chincok salmon rearing in the sloughs
and side channels of the middle Susitna River feed on a wide variety of
aquatic and terrestrial invertebrates (Appendix Table Bl). O0f the
invertebrates utilized, chironomid adults and larvae (burrowers) were
numerically dominant in all previous Susitna River diet studies of
juvenile chincok salmon. Loftus and Lenon (1977) determined that

chironomidae were the most Jmportant family of food organisme for
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chinook salmen smolts in the Salcha River, Alaska. Similar results have
been cbtained by other researchers (Becker 1973, Dauble et al. 1980,
Burger et al. 1982).

Although the family Chironomidae was found in this study to be the most
numerically dominant taxa in the diet of Susitna River juvenile chinook
salmon, numerical abundance alone does not necessarily correspond
directly to vrelative importance (Lagler 1956). The wmajority of
chironomids fed on by juvenile chinook salmon in this study were small
(1-5 mm in length) and at least one order of magnitude less in volume
than middle instar ephemeropterans and plecopterans (swimmers, clingers,
and sprawlers). Due to this fact, it is felt that other aquatic insect
taxa, primarily plecopterans and ephemeropterans, are more important in
the diet of juvenile chinook salmon than numerical abundance indicates.
Plecopterans and ephemeropterans were the most important invertebrates
in the diet of juvenile chinook salmon next to chironomids in this and
the previous ADF&G (1983) Susitna River diet studies and in Loftus and

Lenon's (1977} Salcha River Study.

Everest and Chapman (1972), Becker (1973), and Loftus and Lennon {19?7)
have determined juvenile chinook salmon feed primarily on aquatic
invertebrate drift and floating adult insects. Their findings
correspond well with the results of this study which show a closer
relationship between drift catch (includes floating insects) and juve-
nile chinook stomach contents than between stomach contents and benthic

catch (Figqure 26, Appendix Table A-1). For example, invertebrates from
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the adult Diptera category (primarily chironomids) and Other Insects
category (primarily homopterans) made up 29% and 5% respectively of the
Juvenile chinook salmon diet and were available only as drift. In
contrast, organisms occurring in the benthos but not selected as food
included the Oligochaeta. Though this group comprised 27% of the Other
Invertebrates category which in tuﬁﬂ made up 27% of the benthic catch,
none of these organisms were found in juvenile chinook salmon diet.
This compares with the previous ADF&G (1983) diet study which reported
few oligochaetes in the stomachs of juvenile chinook salmon. Finally,
benthic invertebrates that were not readily found in the drift, did not
appear to a significant extent in the juvenile chinook salmon diet. The
major invertebrate groups (e.g., Chironomidae, Ephemeroptera, and
Plecoptera) which have been reported as being good drifters (Hynes 1970)

were, however, consumed by juvenile chinook salmon.

The availabiiity of different aquatic insect groups during the growing
season of j&V@ﬁ?§é'ChiﬂGOk salmon may be an important factor in the
rearing capacity of Susitna River slough and side channel habitats. As
discussed in Section 4.1, middle and Tlate dinstar ephemeropterans
(swimmers and clingers) and plecopterans (clingers and sprawlers) are
available in significant numbers as drift in June. Large numbers of
early instar plecopterans show up in the drift in August. Adult and
Tarval chirvonomids are available as drift from June through August, with
the proportion of adult chironomids increasing as_the summer progressed.

The results of the FAS juvenile chinook salmon food utilization study

g
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generally followed these trends. Middle and late instar plecopterans
and ephemeropterans were consumed oprimarily in June, early instar
nlecopterans were important in August, and chironomid adults and larvae
were consumed during the entire open water season. Larvae from
Chironimidae were consumed in early summer while higher proportions of

adults were consumed du?ing the latter part of summer (Figure 28).

4.4 Conclusions and Future Research

Four major conclusions can be drawn from the results of this study.
First, the diet composition of Jjuvenile chinook salmon is closely
correlated with invertebrate drift composition and, to a lesser extent,
to benthos composition, with midges from the family Chironomidae

(Diptera) being the chief food organism of juvenile chinook salmon.

Secondly, the occurrence of drift under breached conditions in side
channels and side sloughs of the middle Susitna River appeared to be
governed by mainstem flows which transport drifting invertebrates into
the side channels and side sloughs. Under breached conditions, the
drift occurring in the side channels and side sloughs was negligible
when compared to the drift under breached conditions when total drift is
considered. The drift in both cases was dominated by midges from the
family Chironomidae (Diptera), mayflies (Ephemeroptera) from the family

Baetidae, and stoneflies (Plecoptera).

Thirdly, it was determined that categorizing invertebrate taxa by
behavioral type (i.e. by burrower, swimmers, clingers and sprawlers) was

o
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a valuable means fTor projecting benthic finvertebrate WUA when the
density of a majority of species averages less than ten individuals per
1.08 ft2, It was found that water depth did not appear fo be an
important factor governing the overall distribution of any of the
behavioral groups, but that water velocity and substrate type appeared
to affect the distribution of most behavioral groups. Water velocities
less than 0.4 ft/sec and substrate types comprised mostly of silt 1nd
sand (less than one eighth inch diameter) correlated well with high
numbers of burrowers whereas rubble (three inches to five inches in
diameter) substrates with components of large gravel {one inch to three
inches diameter) or cobble (five dnches to ten inches diameter)
correlated with high numbers of swimmers, clingers, and sprawlers,
Water velocities between 1.6 ft/sec and 2.6 ft/sec correlated well with
high numbers of swimmers and clingers. Sprawlers did not appear to

utilize any particular velocity over another.

Lastly, it can be concluded that WUA at each of the study sites for each
of the behavioral. groups clearly was a function of site flows and
mainstem discharge. The minimum controlling mainstem discharge for a
side channel or side slTough generally produced the highest WUA for
burrowers. A controlling mainstem discharge of 25,000 cfs generally
produced the maximum WUA for swimmers, clingers, and sprawlers in Side
Channel 10 and Upper Side Channel 11. The maximum WUA for swimmers,
clingers, and sprawlers in Stough 9 and Side Channel 21 above A5 was
produced at a controlling mainstem discharge of 29,000 cfs and 31,000

o

cfs, respectively.
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In Tight of the above conclusions, naturally fluctuating flows of the
mainstem Susitna River appear to increase total drift in side channels
and side sloughs and subsequently the drift food supply for juvenile
chinook salmon Tiving in these turbid water mainstem affected habitats.
Such periodic fluctuations also maintain drift for the continuous

recolonization of mainstem affected habitats by invertebrates.

From the above discussion, the natural question arises: how are the
invertebrates which are transported into side channel and side sloughs,
influenced by mainstem discharge fluctuations when domiciled in the
mainstem Susitna River itself? ﬁnswers to this and other questions can
only come with further study of the density responses of invertebrates
domiciled along mainstem shorelines to varying frequencies of watering

and dewatering as a result of naturally fluctuating discharges.
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APPENDIX A

Appendix A contains a hydrograph for each of the FAS sampling sites and
che mainstem Susitna River at Gold Creek for the 1984 open water season
(Appendix Figures A-1 and A-2). Also included are the rating curves
(Appendix Figures A-3 through A-6) and the discharge data (Appendix
Table A-1) used to generate the hydrographs. A narrative of the step-

wise procedure used to develop the hydrographs is also presented.

Hydroaraph Development

Discharge was measured twice at Slough 9 and once each at Side Channel
10, Upper Side Channel 11, and upper Side Channel 21 according to
procedures outlined in ADF&G (1984). These discharges were taken at
study sites to combine with 1982 and 1983 ADF&G discharge data for
developing vrating curves for describing the relationship between

mainstem discharge and side channel or side =lough flow.

Rating curves were developed for defining the relationship between
mainstem discharge and side channel or side slough fiow at all four
study sites according to procedures described in ADF&G (1984). These
rating curves were used to construct hydrographs for side channel or
side slough flows for the period of June 1 through September 30, 1984,
Flows above the recommended predictive range of a site respective rating
curve were estimated using the rating curve equation. The highest flow

measured below controlling breaching mainstem discharge was used to
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state the upper 1imit of bzse flow in a side channel or side slough.
These flows are published in Quene et al. (1984) and R&M Consultants

(1984).
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September 1984 for the Susitna River at Goid
Creek {RM 136.5), Upper Side Channel 11 (RM
163.0), and Side Channel 21 above over flow
channel A5 (RM 141.8).
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Appendix Table A-1. Side slough and side channel water surface elevation and
flow measurements, and the corresponding mean daily
Susitna River discharges at Gold Creek (USGS 15292000)
used to construct rating curves for the four FAS sites.

Stream Mainstem
WSEL Flow Discharge

Date Time (ft) (cfs) (cfs)

Side Slough § 830730 0930 593,37 7.8 19,100
(Gage 128.351) 840812 1455 563,84 44 .4 19,000
820720 cenld 593.92 28.0 22,900

830607 1225 593.96 89.0 23,000

830630 1030 594,00 77.4 24,700

820920 1520 594,15 148.0 24,000

820715 cned 594,10 108.0 25,600

820623 et 594,27 182.0 27,000

820918 1305 594 .42 232.0 26,800

830809 1547 595,25 501.5 29,900

840825 1300 595,87 800.0 29,800

Side Channel 10 840812 1645 654.64 4.7 19,000
(Gage 133.8S3) 830726 1530 654,72 8.0 19,400
830803 1745 - 655.15 31.6 21,600

830724 1620 655.57 80.0 22,700

830629 1630 655.84 93.9 26,800

830808 1235 656.30 266.6 26,000

830810 1120 658.26 781.3 31,900

830826 1605 657.97 803.0 31,700

Upper Side 840814 1130 681.01 12.3 16,100
Channel 11 830712 1145 681.35 54,0 19,700
(Gage 136.251) 830720 0945 681.34 56.6 18,600
830727 1130 681.38 59.6 18,500

830608 1550 681.63 110.0 22,000

330629 12558 6872.13 335.0 26,800

830808 1400 682.724 403.0 26,000

830810 1346 682.87 735.6 31,900

830826 1745 682.93 777.5 31,700

Side Channel 21 820919 1220 744 .59 10.0 24,100
(Gage 140.657) 830630 1130 744,73 - 10.9 24,700
830605 1500 745,33 74.0 30,000

320917 1540 745,80 157.0 32,000

840876 1015 746.13 240.0 31,700

830809 1315 746 .08 332.0 29,900

&, ,
Neo (}‘ ala,
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APPENDIX B
BENTHIC AND DRIFT INVERTEBRATE DATA

Rppendix B contains the invertebrate catch data for benthic and drift
samples at the four FAS sites. Appendix Table B-1 Tists the occurrence
of invertebrate taxa in the three types of samples: benthic, drift, and
juvenile chinook salmon stomach content. Appendix Tables B-2 through
B-5 contain drift catch data for each site. Appendix Table B-6 Tlists
drift densities and vrates for eight invertebrate groups. Appendix

Tables B-7 through B-10 1ist benthic catch data for each site.

B- 1.
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Appendin Table B=1. Occurrence of invertebrates by life stage (i=immature, p=pupa, a=adult}) and
sempie type (B=Benthos, D=Drift, F=Fish Stomach) at four sample sites, middle
Susitna River, Alaska, 1984,

Upper
Slough 9 Side Channal 10  Side Channsl 11 Side Channel
R 128.3 RM 133.8 RM 136,0 RM 141.8
INSECTA
Protura ¥
Collembola® F F D F
Isotomidae 8 b D B b B D
Poduridae ] D D
Sminthuridae 5] D Y D
TOTAL Collembola B b F D F g8 D F g D
R i a i
Ephemeroptera F g F
i ia i i ia i i ia i i e i
Baetidae B D F B b F B D F B D F
i i i i ia i i i i i a i
Ephemerellidae B D F B 0 F 8 0D F B D F
i i i i ia i i ia i i a i
Heptegeniidae B D F 8 0 F 8 D F B b F
i i i i i i i i
Siphlonuridae B B O B D F b F
i g 1 i iag 1 i ia | i ta i
TOTAL Ephemeroptera &8 O F 8 D F B D F B D F
2 ioi i ¢ i i i
Plecoptars b F D F B F
i i i i i ia a i a
Capniidas 8 D E D B b F B 0
i i i i i i i i i i
Chlcroperlidae 5 B B8 0L F B o F B F
i i § i i i ia i
Nemouridae 8 D g 0o F B D 8
i i i i i i i i ia i El i
Perlodidae B b F B o F B b F B D =
Pteronarcidase D
i i i i i
Taeniopterygidae g8 D g D 5]
i i i i i i i ja ia i ia i
TOTAL Plecoptera B D F 8 b F 5 0O F B D F
& a a
Psocoptera b D F
Thysanoptera b F b F D F BF
Hemiptera D D D F ]
Homoptera oF oF LF DoF

manansias
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Appendix Table B~1 {Continued}.

Lrees
P

Upper
SLough 9 Side Channel 10  Side Channel 11 Side Channel
R¥ 128.3 RM 133.8 RM 136.0 RM 141.8
Neuroptera D D
a ia a a ia @ &
Coleoptera D F D o F D
ia i
Dyeiscidae D B
i
Hypdrophilidae b
ja & a ia a i E]
TOTAL Coleoptera : o F b D F 5 D
s ja i i ipas 1ia i i
Trichoptera b F D F B8 D
D ia
Glossosomatidae D D
i i i i i i
Hydropsychidae oD F b b F B
i i i i i i i ip ip i ip
Limnephilidae B O F B D F B D B D F
i
Hydroptilidae B8
i i
Rhvacophilidase B b
i ia i i ip i i ipa 1ia ip i ip
TOTAL Trichoptera g b F B F 8 o F D
2 a ia # a i
Lepidoters b b o F b F
, ip a ia a a i ipa fia ip a a
Diptera® B D F D F B 0 F D F
i a ia i a a
Ceratopogonidae B D D B D D
ip ipa ipa ip ipa ipa ip ipa fia ip ipa ipsa
Chironomidae 8 D F ' b F B D F B D F
a
Culicidae D
i
Dixidae D
ip ia ip i ipa 1ia i ia pa i & a
Empididae B D F B b B D F B L F
i i i i
Muscidae D B D F
i i pa ip pa i
Psychodidas b F 0 B D B
i dipa i i ipa & i ipa i na
Stmuliidae g 0o F B8 b F g D B D
i
Straciomyidae 0
i
Syrphivae D
ip ipa ip ip i ipa ip pe
Tipulidae B D B D B D 8 D
ip ipa ipa ip ipa 5pa ip ipa ipa ip ipa ipa
TOTAL Digtera g D F B 0D F B D F B b F
a & a a a a a &
Hvienoptera o F nF nF b

P




Appendix Table B-1 (Continuad).

Upper
Stough 9 S$ide Channel 10  Side Channel 11 Side Channel
M 178.3 RM 133.8 RM 136.0 RM 141.8
TURBELLARIA B 8
MEMATODA B B D B D B
OLIGOCHAETA 8 D g8 D B D B D
CRUSTACEA
Amphipoda b
Cladocera B 0 D
Eucopepoda & D b B D B
Podocopa g 8 D B D D
TOTAL CRUSTACEA B8 D B B B D B D
ARACHNIDA
Acari g D B D B D B D
Araneae b b F 0 F D F
TOTAL ARACHMNIDA g8 D 8 D F B D F B8 O F
CH1LOPODA b
GASTROPODA B D
PELECYPODA B
HYDROZOA D

]

jdentified to Order only.
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Appendix Table B-Z. Total numbers of invertebrate larvae and adults { )} in deift samples
collected at Slough 9, middie Susitme River, Alaska, 1964. Terrestrial
insect groups and non-insect groups are not differentiated by larvae or

adult.
{FG=4
June June Jul
Water Filtered (ft3) T3,06% 13,321 7.9
{HSECTA
Collembola
lsotomidae 5 2 & 2
Poduridae b i i
Sminthuridae b i
TOTAL Collembola 5 2 10 4 1
Ephemeroptera
Baetidae 19 (5} & {1} 5 (1) 4
Ephemerellidae 1 9 2 11 2
Heptageniidae 3 7 & & &4
TOTAL Ephemeroptera 23 (8) 20 (1) 6 9 15 (1) 6
Piﬁcapteraﬁ 9 31
Capniidae 1 {1} 3
Chioroperlidae 1 2 i
Nemouridae 1
Periodidae & 6 1 1 1
Tasniopterygidae 30 38
TOTAL Pelcoptera 7 17 31 2 31 (1) 42
Psocoptera 3 1
Thyssnoptera 18 5 13 1 i
Hemiptera 2 2 7 2
Homoptera 2 13 1 2 2
Coleoptera é 15 3 1
?Picﬂ@&%é?&a 1 22 28
Hydropsychidas 7 1
Limnephilidae 20 1 1 bl
TOTAL Trichoptera 1 22 27 1 25 45
Lepidoptera 1 1 1
Diptera® (&) {3} (2} (1)
Ceratopogonidae {i}) () 1T {2)
Chironomi dae 212(264) 31 {32) 5(157) 81105} 37 (55) 6 (86}
Empididae (1) T {23 (5} (1)
Psychodidae 2
Simuliidas 97 {17) 10 {1} Lo {1} 4 (3 {1} {1}
Tipylidae 3{1} 1 1
TOTAL Diptera 307{291} 73 (35) S{161) B7(112} 38 {6k a8 (88}

- iﬂ



Appendix Table B-2 {Continued]).

Head 1FG~&
June Jyd ¢ June B August

Water Filtered (ft3) 73,06k ‘Zf;fﬁ%? 13,377 ?‘},‘5%3’? ; “‘i’g“é 0%

Hymencptara 21 30 20 12 12
OLIGOCHAETA 8 5 1 2 1 &
CRUSTACEA

Cladocera 1 5 5 6 54

Eucopepoda 11 11 8 3 8 i

Podocopa 2 1 2
TOTAL CRUSTACEA 12 18 1 3 16 55
ARACHNIDA

Acari & g 1 1 2 &

Araneae 2 1 1 1 1
TOTAL ARACHNIDA 6 6 2 z 3 b
FisH

Alevin 1 1 i

3 Jdentified to Order only.
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Appendix Table B-3, Total numbers of invertebrate larvee and adults { )} in drift samples
coliected at Side Channel 10, middlie Susitne River, Alaska, 1984.
Terrestrial insect groups and non-insect groups are not differentiated by
larvae or adult.

[FG=8
June August June Jyl August
Water Filtered (ft3) 1,574 - 3,338 gﬁiéf %@?
INSECTA
Collembola
Isotomidae 2 11
Sminthuridae 1
TOTAL Collembola 3 11
Ephemeropters
Baetidae 12 4 14 3 {1
Ephemerellidae 1 2 3{3)
Heptageniidae 8 5 1
Siphlonuridae 2 &
TOTAL Ephemeroptera 23 6 25 7 (3) (1)
Plecoptera
Capniidae 2
Chloroper]idas 1 1 1 1
Memouridae 2 1
Perlodidae 2 1 1
Taeniopterygidae i 1
TOTAL Plecoptera 5 3 5 2
Psocoptera i
Thysanoptera 3
Hemiptera 1 1 1
Homoptera 2 1 1
Coleopters 1 . 5
Trichoptera
Glossosomatidae 1
Hydropsychidae G 8
Limnephilidae 1 (1)
TOTAL Trichopters 1 & 1 8 (1)
Lepidoptera 1 1 (1)
Diptera® {2}
Ceratopogonidae 1 30(1) {2} (23
Chironomidae 142 {28} 10 {€) 227 {51) 11 (8) 3018
Empididae 1) {1) 5 (2) (10}
Pgyehodi das 2 (1)
Simuliidae 27 (3} 46 (5)
Tipulidae 1 1 2
TOTAL Diptera 1772 (32) 119 285 (60) 11 (203 3 (20
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Appendix Table B-3 (Continued).

Head |FG=4
June Jul August June July ALQUST

Water Filtered (ft3) 1,574 3 == 3,338 TI57 w“%??”

Hymenopters 1 b 1 & 2
NEMATODA 2 2
OLIGOCHAETA 20 1 19 1
CRUSTACEA

Eucopepoda 3 2 3 2

Podocopa 2 »
TOTAL CRUSTACEA 5 2 3 2
ARACHNIDA

Acari 3 1 2 5

Araneae 1 1
TOTAL ARACNIDA 4 1 3 5
FISH

Alevin i 1

# |dentified to Order oniy.

yiwm@
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tppendix Table B4, Total numbers of invertebrate larvae and adults {( ) in drift samples
collected at Upper Side Channel 11, middie Susitna River, Alaska, 1984,
Terrestrial insect groups and non-insect groups are not differentiated by
tarvae or adult.

Head FFG=&

%%%%@ éi%uﬁt Jtne %%%%@ Au%usﬁ

Viater Filtered (f£3)

INSECTA
Protura 5 Z
Collembola” 1
lsotomidae 208 Vi 2 76 b
Poduridae 11 3 1 A
Sminthuridae 3 5
TOTAL Collembola 220 2 2 84 5 3
Ephemeroptera’ (1)
Baetidae 1,226 29 (1} 2 154 17 (1) 3
Ephemerellidae 6 7 5 3
Heptageniidae 79 12 17 11 12 (1) 70
Siphlonuridae 53 3
TOTAL Ephemeroptera 1,348 47 (1) 26 168 38 (3) 16
Plecoptera® 1 48 3 45
Capniidae 1 {1} 1 2 (2)
Chioroperiidae 64 7 & 12 2 1
Nemouridae & (11) 2 26 (2) 1 2
Periodidae 6 7 8 3
Prercnarcidae 2
TOTAL Plecoptera 137 (12) 15 64 82 (2) 8§ (2) 48
Psocoptera 5 2
Thysanoptera 18 6 i 10 i
Hemiptera 3 Z b4 1
Homoptera 8 5 14 7 3 15
Neuroptera 1
Cmi@opﬁeraa 24 2 9 Iy
Dytiscidae 4 1 P
Mydrophilidae 1
TOTAL Coleoptera 26 3 11 5
Trichapﬁ@ra& {1 5 1 3
Glossosomatidae 1 (1)
Hydropsychidae 5 1
Limnephiiidae 3 2
Rhyacophilidas 12 6
TOTAL Trichopters 15 {1} 12 b (1) 3
Lepidoptera 21 Th




Appendix Table B-4 (Continued].

Head {FG=a
June Jul June Juls August
Water Filtered (ft3) 771,530 3?@%? y g??%@? £, 590
Diptera® 21 {20) () (3) 13 {10) 1 (6) ()
Ceratopogonidae 17 1 (1) (&)
Chironomidae 883(322) 73(110}  113(239) 8§72{4hk4) 68{237)  131(249)
Culicidae {1)
Emnididae 17 {3) & (7} 20 (1) {11} 1
Psychodidas 10 Zz {1)
Simuliida 80{128) 14 6 24 (59) 21 (5} 5
Tipulidae €2 (3) 26 {2} 1 (&)
Dixidae 3 2
Muscidas i 1
Stratiomyidae i
Syrphidae z 2
TOTAL Diptera 1,108(476) 91(121)  119(342} 663(518) 91(268)  137{253)
Hymenoptera 29 10 8 i 9 5
NEMATODA 1 1 2 1 1
OLIGOCHAETA 82 7 27 5 1
CRUSTACEA
Cladocera b S 5
Eucopepoda & 3 7 5 2
Amphipoda 1 1
TOTAL CRUSTACEA i 8 8 8 10 2
ARACHNIDA
Acari 23 6 i 18 5 2
Araneae 19 1 10 1
TOTAL ARACHNIDA 42 7 1 28 6 2
CHILOPODA 3
GASTROPODA 2 1 1 1
FISH
Alevin 2 1

Juvenile salmon

@ \dentified to Order only



Appendix Table B-5.

EoAFT

Total numbers of
collected at upper Side Channal

invertebrate larvae and aduits { )

21,

middie Susitna River,

Alaskas,

in drift samples

1984,

Terrestrial
larvae or adult.

insect groups and non-insect groups are not differentiated by

Head | FG=&
June July Afugust _June suly August

Water Fiiltered (ft3) = 54 864 -= §.60: ?:3%5 5,190

{NSECTA
Collembolia

|sotomidae 1 2 1
Poduridae 1 4
Sminthuridae 1 1

TOTAL Collembols 2 3 b 2

Ephemeroptera
Baetidae (2}
Ephemerel 1idae {1} 3
Heptageniidae {1y 2
Siphlonuridas 1

TOTAL Ephemeroptera 1 (2) 5 (2)

Pieaopte?aa 5
Capniidae (1)
Nemoyridae 1 {1)
Perlodidae (1)
TOTAL Plecoptera (1) (1) & (1)
Psocoptera 5
Thysanoptera 1 7
Hemiptera 1 1
Homoptera 1 9
Neyroptera 1
Coleoptera 2 1 1 2
Trichoptera 18
Limnephilidae 1

Lepidopters i

Diptera® (1} (1) (2) {&)
Ceratopogonidae {1) (3) i
Chironomi das 2 (5 {8} 2 {23) & {10} L2(1047)
Empididae (19) (1) (3}
Simuliidae T {11} () (3)
Tipulidae 1 (2}

TOTAL Diptera L {17) {31) 2 (24) b (16} 53{10573




Aopendix Table B=5 {Continued).

W AET

FFG=f

Head
June July AuGUst June Jul August
Water Filtered {f£?) L1 H64 - S ?),%%? 5,190
Hymenoptera i 8 2 8 85
HYDROZOA 2
OLIGOCHAETA 1 36
CRUSTACEA
Podocops 1
ARACHN{DA
Acari 15 7
Araneae 2 2
17 39

TOTAL ARACHNIDA

3 |dentified to Order only.
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Appendix Table B=6, Densities (no./yd® of wster) and rates (no./min,

invertebrate drift

during June, July, and August at slough and side channel head and IFG sites,
middle Susitna River, Alaska, 1984,

June 7-14 July 7=14 August 9-16

Rate Pensity Hate

Collembola 51.9 Head .02 0.15 0.01 0.08 G.00 0.00
iFG 0.02 0.17 0.08 0,11 0.01 0,03

5.C.10 Head 0.058 0.40 0.00 0.00 0.00 0.00

TEG 0.08 .73 0.00 0.00 0,00 0.00

U.8.C. 11 Head 6.27 2.14 0.01 0,06 g.01 0.07

IFG g.10 0.93 0.02 0.16 0.01 0.10

$.C. 21 Head 1.08 0.07 0.08 0.10 §.00 0.00

1FG 0.00 0.00 0.02 0.06 0.01 0.03

Ephemeroptera 51. 9 Head 6.06 0.47 0.15 0.61 0.06 0.18
1FG 0.02 0.15 0.15 0.42 0.06 0.18

§5.C.10 Head 0.39 3.07 G.10 0.10 0.00 0.00

1FG 0.19 1.60 0.05 0.20 0.03 0.01

.5.C. 11 Head 1.69 3,23 0.28 1.50 0.14 0.87

1FG 0.20 1.87 0.16 1.12 0.07 (.50

5.C. 21 Head 0.50 0.03 0.06 0.07 0.00 0.00

1FG 4.00 0.00 0.00 0.00 0.04 0.12

Plecoptara 51.9 Head 0.01 0.12 0.11 0. 44 0.31 0.91
1FG .01 0.03 0.30 0.84 G.40 1.24
51 10 Head 0.09 0.67 .05 0.05 0.00 0.00
IFG 0.04 0.33 0.0% 0.08 0.00 0.00

U.5.C. 11 Head 0.19 1.46 0.09 0.47 0.34 2,13

1FG 0.05 0.49 0.04 0.31 0.24 1.60
S.C. 21 Head 0.00 0.00 0.03 0.03 .00 0.00

1FG 0.01 0.02 0.00 0.00 0.04 0.12

Trichoptera $1.9 Head 0.01 0.02 0.15 (.61 0.27 0.79
1FG 0.01 0.02 g.23 0.66 0.43 1.32

5.C.10 Head 0.02 0.13 0.10 0.10 0.00 .00

IFG .01 0.07 0.04 0.16 0.03 0.01
U.5.C. 11 Head 0.02 0.16 0.00 0,00 G.06 0.40

1FG 0.01 0.09 0.01 0.36 0,01 0.10
5.C. 21 Head 0.00 0.00 0.00 U.00 0.00 0.00

{FG 0.40 .00 0.01 (.02 06.09 0.30
Uipters Larvae 51.9 Head 0.63 5.12 0.48 2.03 0.09 0.26
1FG 0.18 1.45 0.35 1.00 0.08 0.25
§.C.10 Head 2.95 22.93 0,18 0.18 0.00 0.00

1FG 2.3 19.00 0.06 0.22 0.09 0.03

U.$.C. 11 Head 1.39 10.86 0.52 2.84 0.63 3,97

PFG 0.77 7.37 0,39 2.54% 0.67 4,53

5.C. 21 Head 2.00 0.13 0.00 0.00 0.00 0.00
1FG 0,01 0.03 0,02 .06 0.28 0.90
Diptera Adults 51.9 Head 0.60 4,85 0.22 0. 9% 1.61 b, 74
TFG 0.23 1.87 0.59 1,68 0.85 2.59
$5.C.10 Head 0.55 L 27 0.15 0.15 0.00 0,00

1FG 0.49 4,00 0.10 0.0 0.61 .22

U.5.C. 11 Head 0.60 4,67 0.70 3.78 1.28 a.07

{FG 0.60 5.76 1.16 8.4 1,25 8,47

5.0, 21 Head 8.50 0.57 0.97 1.03 0.00 0,00

[FG .07 .43 .10 0.25 5,501 7,62
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Appendix Table B-6 Continued.

June 7=14 July 7=14 August 9-16
vensity Rate Density Rate Density Rate
Other insects 51.9 Head 4.10 0.83 0.03 .11 0.52 1.53
IFG 0.12 0.95 0.18 0,53 G.15 g.47
§.L:10 Head .10 .80 0.08 0.08 0.00 0.00
{FC 0.10 0.80 0.03 0.10 0,09 0.03
4.5.C. 11 Head 0.14 1,10 0.15% 0.81 G.i4 0.87
1FG 0.07 0,67 0.11 0.78 0.10 0,67
S.C. 21 Head 1.50 0.10 0.34 0.37 0.00 0.00
1FG 8.01 0.07 0.08 0.14 0.58 1.85
Other 31.9 Head 0.05 0.53 0.19 0.81 9.1 (.50
lnvertebrates VFG 0.01 0.12 0.18 0.53 1.61 1,85
$.C.10 Head 0.53 .13 0.07 0.07 0.00 06.00
IFG 0.22 1.8 .01 0.04 0,18 0.07
U.5.C. 11 Head .16 1.28 0,09 0.47 0.10 (.60
{FG 0.08 0.74 0.10 0.69 0.03 0,23
S.C. 21 Head 0.00 0.00 0.00 0.00 0.00 0.00
{FG 0.00 0.00 .11 0.28 0.81 1.30
Total lnvertebrates 51, 9 Head .89 11.98 1.34 5.64 3.03 8.91
1FG 0.58 &,75 2.02 5.76 2.60 7.94
§.C.10 Head L,68 36.40 0.74 0,73 0.00 0.00
IFG 3,44 28.33 0.79 1.16 1.06 0.39
U.5.C. 11 Head Y 34.89 1.83 9,94 2.70 16,97
1FG 1.88 17.91 1.98 14,28 2.39 16.20
$.C. 21 Head 13.50 0.90 1.50 1.60 0.00 0.060
tFG .90 0.55 0.33 0.80 6.94 272.23

. 3
A
i
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Appendix Table B<7. Total numbers of senthic invertebrates and the number of samples { } im
which each taxa was found at Slough 9, middle Susitna River, Alaska, 1985,

7/6/8% 9/49/84
18 samples 24 samples
INSECTA
Collembols
§sotomi dae - _ (1)
Ephemerontera
Bastidae 9 (3) 141
Ephemerellidae 27 (8) 1 (N
Heptageniidae i1 (5) -
Siphlonuridae - 1T (1)
Total Ephemeroptera 47 (8) 3 (3)
Plecoptera
Capniidas = 50 (8)
Chioroperlidae L {2} 3 (%)
Nemouridae o 2 (1)
Perlodidas i1 {8) -
Taeniopterygidae - 12 (3)
Total Plecopters 15 {7} &7 (9)
Trichoptera
Limnephilidae - 11 (&)
Rhwacophilidas - 2 (2)
Toral [richoptera - 13 (5
Diptera z {2)
Ceratopogonidae T (1) -
Chironomidae 60 (13} 415 {19)
Empididae & {1} -
Simuliidae 1 (1) -
Tipulidae = b (3)
Toual Dipters 68 {13) L19 (203
NEMATODA T {1 T {1}
GLICOCHAETA 76 {9} 15 (7}
CRUSTACEA
Cladocera (1)
Eucopepoda 3 (3)
Total CRUSTACEA & (3)
ARACHNIDA
Acari 1 {1 -

[ | (2
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Appendix Table B-8, Total numbrrs of benthic invertebrates and the number of samples ( ) in
which each taxs was founc at Side Channel 10, Middie Susitna River, Alaska,

1984,
6/26/8% 9/6/84
32 samples 21 samples
THSECTA
Epnemeropters »
Baetidae 3 {9) 7 {3
Ephemerellidae 1 {1} -
Heptageniidae 2% {13} 1(1)
Siphlonuridae - 3 {2
Total Ephemercpters &8 {15} 11 (3)
Plaecopters
Capniidae - 145 (15)
Chioroperiidae g (6} 7 (6)
Nemouridae - 1 (1)
Perlodidae 7 (6) -
Taeniopterygidae - 3 (2)
Total Plecaptera 15 (9) 186 (17)
Trichoptera
Limnephilidae - 10 {7)
Diptera 1 (1)
Chironomidae 43 {16} 187 (18)
Empididae - 9 (8}
Simuliidee 4 (&) -
Tipulidae - 7 (5)
Total Diptera C &8 (18) : 173 (21)
NEMATODA i AN 3 {3)
UL IGOCHAETA 6 (3) 18 {9)
CRUSTACEA
Padocopa - 1T {1}
ARACHNIDA
Aeari - T (1)

-t
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Appendixz Table B=9. Total numbers of penthic invertebrates and the number of samples { } in
which each taxa was found at Upper Side Channel 11, middle Susitna River,
Alaska, 198k,

7/9/84 . 8/23/8%
27 samples 36 samples
INSECTA
Coliembola
isotomidae 7 {2} -
Ephemeroptera
Baetidae 31 (9) 1 (1)
Ephemerellidae 23 (12) 7 {5)
Heptageniidae 26 {9) T
Siphlonuridae (1) -
Total Ephemeroptera 79 (16} g (7)
Piscopters A
Capniidae - 31 {13)
Chloroperlidae 17 (10} 12 (8)
Nemouridae T (1) 17 {7)
Parlodidae 15 {(9) 3 (D
Taeniopterygidae - 2 (2)
Total Plecoptera 33 (17 65 {16}
Trichophtera 2 (2) -
Limnephilidae - 14 (11)
Total Trichophtera 2 (2} 1 (11)
Dipters T (1)
Ceratopogonidae - 2 {2)
Chironomidas 118 {22) 586 {28)
Empididae - 2 (2}
Psychodidae = 2 {2}
Simuliidae 1 (1) -
Tipulidae 1 (1) 2 (2)
Total Diptera 121 (23} 594 (30)
TURBELLARIA 8 (6} 24 (5)
MEMATODA ' i (1) Lo ()
OLIGOCHAETA 40 (9) 92 (20}
CRUSTACEA
Eucopepods - 2 {2}
ARACHNIDA
Acari boo(4) 2 {2)
CASTROPODA = T (1)

PELECYPCDA 1 (1) -




Appendix Table B~10. Total numbers of benthic invertebrates and the number of samples { ) in
which each taxa was found at Side Channel 21, middle Susitna River, Alaska,

1984,
6/26/84% 8/24784
20 samples 35 samples
INSECTA
Collembola
Isctomidae - 5 (&)
Ephemeropters
Baetidae 64 (17} -
Ephemersllidae 2 (2) 2 (1)
Heptageniidae 45 {10} 1 (1)
Total Ephemeropters 111 (17) 3 {2)
Plecopters 1 {1}
Capniidae - 6 (5)
Chioroperlidae 16 {10) 1 {1)
Memouridae 5 (%) L (2}
Perlodidae 21 (10} 3 (3)
Total Plecoptera 43 (13) 14 (8)
Coleoptera
Dytiscidae 2 (2) =
Trichoptera T {1)
Hydropshchidae 3 (1) -
Hydroptilidae 1 (1) -
Limnephilidae 49 {8) 62 (18)
Total Trichoptera 53 (8) 63 (19)
Diptera ' 7 {&) (1)
Chironomidae s (18} L&8 {33)
Empididae 5 (&) 5 (5)
Muscidae - 1 (1)
Psychodidae - 2 (2}
Simuliidae 2 (2} -
Tipulidae 8 (&) 4 (2)
Total Dipters 259 (18} 460 (33)
TURBELLAR A 49 (7) 8 (3)
NEMATODA (1) -
OL1GOCHAETA 451 (17) ' 286 (26)
CRUSTACEA
Fucopenoda T {1
ARACHMIDA
Acari 7 (&) 3(2)
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APPENDIX C

Results of the Multiple Regression Analysis

for Drift Data

Appendix C presents the results of the analysis of variance for
calculating the F values in the two multiple regression analyses. Also
shown are the results of the two sets of t tests run on the regression
coefficients. A statement of the hypothesis being tested s also

presented.
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Hypothesis: The numbers of drifting invertebrate at IFG-4 sites was not
dependent (related) upon the numbers of drifting invertebrates at head
sites, the volume of water filtered at head sites, or the volume of

water filtered at IFG=4 sites.

1) H@Z 81 = 82 = 83 =0

Table C-1. Analysis of Variance.

Mean sum
Source of Variation D.F. Sum of squares of squares F value
Regression 3 222.203 74,068 170.741
Error 132 57.262 0.434
Total 135 279.465
The critical value of F at 3 and 132 d.f. and o« = 0.05 is 2.68.

Since the calculated F is 170.741 we reject the null hypothesis (Hy) and
accept the alternate hypothesis (HA)G

2) HO: siﬁagagwﬂgsgmn

HAz e1#9982¢0963#0

Table C-2. Results of Student's t-test.
Standard error
Yariable Coefficient estimate of estimate t value
Xi 81 = (3,808 0.093 18.90
Ko By = 0,095 0.058 L.65
7 ¢
0,345 {0,085 4,0k

(4 2wl
X ..fz {.J 3 %
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The critical value of t at 132 d.f and o = 0.05 is = 1.98.
Since the calculated t value for 82 does not exceed the critical value
(ignore signs) we fail to reject the null hypothesis (HO} of no
difference from zero for the relationship with volume of water filtered

at the head site. Accordingly, a new model was evaluated which did not

utiiize Xo e The new model was:

¥ = BQ + 81x1 + 83x3 + g

where the symbols are as defined in Section 2.3.1.

The new hypotheses tested:

Tabte C-3. Analysis of Variance for new hypothesis.

Mean sum

Source of Variation D.F. Sum of squares  of squares F value
Regression 2 221.017 110.508 251,464
Evror 133 58.448 0.439

P S —

Total 135 279,465
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The critical value of F at 2 and 133 d.f. and o = 0.05 is = 3.07. Since
the calculated F 1is 251.464 we reject the null hypothesis (HG) and
accept the alternate hypothesis (HA)”

2) ng 51209532:0
HA: 81 # 0, 83 £ 0

Table C-4. Results of Student's t-test for new hypothesis

Standard ervror

Variable Coefficient estimate of estimate t value
Xy 61 = (0,841 0.038 22.06
Xo 33 = 0,310 0.083 3,73

The critical value of t at 133 d.f. and = = 0.05 is = 1.98. Since the
calculated t values for the two regressin coefficients exceeds the
critical value (ignore signs) we reject the null hypotheses (HO) of no
difference from zeroc. The final Tlinear wmodel with estimates of
coefficients is:

Y = 2.684 + 0.841x

-0.310x, + ¢

1 3

Note, that extensive residual analysis as outlined by Draper and Swmith
(1981) and Hoaglin et al. (1983) was completed on this final model.
This ané?ys%s indicated that residuals were approximately normally
distributed, residuals were not related to either estimated vlaues of Y
or original values of Xy Or Xg3 and that no one point or groups of
points unduly affected the relationship (i.e., had outstanding values of
leverage [Belstey et al. (1980)]. Accordingly, the model described

ahove g deemed "valid",

% ——
( - {;‘"’Uz
W
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APPENDIX D

FORMULAE

Appendix D contains the formula for calculating the Shannon-Weaver
diversity index and eveness index (Poole 1974) used to describe the
benthic invertebrate communities in riffles, run, and pool habitats in

side channels and side sloughs.

mm) »7
s
L= L
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1) Shannon-Weaver index (H')

it

HE

o
Y

: ?iiﬁgz Pi

8 b~

1

where s = number of species
= proportion of the total number of individuals
consisting of the ith species (i.e., Family, Order)

2} variance of Shannon-Weaver index (var (H'))

s
2p. - 2
Pyl0g2 Po=(1 Piﬁagz P2

var (H') =
i i=1

1

i P~
Ypoel

N

where N = total number of individuals
3) standard error of H'
4)  eveness (J')

T
3@@25
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APPENDIX E

Juvenile Chinook Salmon Stomach Content Data
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Appendix Table E-1., Number and kind of invertebrate larvae and adults { )} from the stomachs of
juvenile chinook salmon caught by electrofishing and drift nets at
invertebrate sampling sites, middle Susitna River, Alaska, 198%L.

Side Upper Side Upper Side
Stough 9 Channsl 10 Channsl 11 Channel 21 Drift Net
{14 fish) {16 fish) (19 fish) (20 fish) {5 fish)
INSECTA
Collembola 1 7 3 - =
Ephemaropters
Haetidas g 10 26 b 5
Ephemerallidae 4 8 Z 4 -
Heptageniidae 3 1 2 1 -
Siphionuridae - - & 1 -
TOTAL Ephemeroptera 17 26 35 10 5
Plecoptera 111 73 35 4 35
Capniidae - - (1) - -
Chioroperiidae - Z 2 1 -
Nemouridae - 1 - - -
Perlcdidas 2 3 18 (2) 5 -
TOTAL Plecoptera 113 81 55 (3) 10 39
Thysanoptera 5 1 3 = 1
Hemiptera = - 1 . - -
Homoptera 5 23 10 34 1
Coleoptera (2) {1) - - -
Trichoptera (2)
Hydropsychidae 2 - 4 - -
Limnephilidae 1 b - 4 -
TOTAL Trichoptera 3 & 4 b -
Lepidoptera 2z = 2 - 1
Diptera L (2) (4] 3 (15) (6) 1 (2)
Chironomidae 107 (85 374(107) La (35) 404 (259) 23 (52}
Empididae 247 T (10) 3 (30) (15) -
Miccidae - - - 1€ -
Psychodidee 3 - - - -
Siruliicae 2 {1} - . -
TGTAL Diptera 112 (9% J76{121) S¢o(ee, LEalien) Wb Bl
Hymenopters | () {5) (2) (2) i2)
CRUSTACEA
Cladocera - - - =
ARACHMIDA
Araneae 1 2 - 1 1
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Appendix Table F-1. Turbidity values in nephelometric turbidity units {MTU} frum five locations, middie Susitna River, Alasks, 1984,

Mainstem
[FG-4 Head Mainstem Discharge (cfs! Breachsd
tocation Dete Time {NTU) {NTL} {NTLY at Gold Creek {Yes/No}
Slough 9 840611 2100 27 3@ -8 21500 ¥
(River Mile 128.3) 840612 2200 22 36 -8 21300 Y
840706 1530 126 -2 -8 22300 ¥
B40711 2130 . 152 160 -8 23100 ¥
840712 2130 130 156 we? 21900 ¥
840813 2030 100 152 -8 17600 ¥
840814 2000 70 130 -8 16100 ¥
BL0S09 1150 1 -8 -8 10600 N
Side 840613 2130 28 56_ ~~§ 25900 ¥
Channel BLGETS 2100 120 ~-; e 31500 ¥
10 840626 1520 136 -2 - 26600 ¥y
(River Mile 133.8) 80712 2180 138 138 -8 21200 ¥
840714 2130 77 86 -8 21200 Y
840815 2000 2 »~j »»g 15100 N
BLORIE 2000 1 -8 - 14500 N
840308 1110 1 -8 o 10900 M
L Upper 840607 2235 46 - -»z 19300 ¥
N Side 840608 2200 A 48 -2 20300 Y
o Channel 850707 2100 138 140 _-— 271900 ¥
11 840708 2100 142 162, ’“2 21500 Y
{River Mile 136.0} 80709 1122 140 - - 21400 ¥
840809 2030 344 320 R 74500 y
840810 2015 248 304 -8 24000 ¥
840823 1202 108 -2 -8 17900 y
Side 840609 2100 1 -8 -8 21100 Ny
Channel 840610 2930 2 28 »mj 21900 y
21 840624 1140 152 - - 30000 ¥
(River Mile 141.83) 840709 2100 2 -- -8 21400 Ny
840710 2130 8 188 - 21200 ¥
840811 2000 15 -4 -l 22500 N
840812 2000 2 ~-: ~—§ 19000 N
BLOG2Y 1215 66 .t - 22700 Y
Mainstem 840531 0840 --8 --2 16° 12600 --8
at 840627 1300 -8 -8 110° 28700 -u8
fotd Creek 850725 1230 -8 -8 70° 22800 -
{River Hile 136.6) 840823 1345 m-g ,wz ﬁ3a§ 17900 -«i
840928 1300 .- - & 7320 -

rovisional %Water Resources bata, Alaska, Water Year 1984 (in press}.
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