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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.



DRAFT

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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DRAFT

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





























































































































































































































































































































































