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EXECUTIVE SUMMARY

Introduction

The Lower Granite Lock and Dam Project on the Snake River was completed
- in 1975 to provide electrical power generation, flood control, navigation, and
recreation. A levee system constructed on the Snake and Clearwater rivers
protects the cities of Lewiston, Idaho, and Clarkston, Washington, from
flooding. The integrity of the levee system, designed with 5 ft (1.5m) of
freeboard, is being threatened by deposition of sediment in the upstream end
of Lower Granite Reservoir. U.S. Army Corps of Engineer personnel estimate
that in excess of 2 million cubic yards (1,529,200m3) of sediment enters the
confluence of the Snake and Clearwater rivers during an “"average year® in
Lower Granite Reservoir. Years with higher run-off result in greater inputs
of sediment. Approximately 800,000 cubic yards (611,680m°) of material
collects annually in the upper end of Lower Eranite Reservoir interfering with
navigation and flood control aspects of the project.

One of several alternatives being examined to alleviate the flooding
potential is dredging sediment and depositing dredged materials in-water
approximately 19 miles (30.6km) downstream of the confluence in Lower'Gr;nite
Reservoir. Experimental in-water disposal was conducted in 1988 and 1989 with
construction of an under-water bench and island at mid-depth (20-60ft) and
some additional disposal at deep (>60ft) sites.

Several monitoring projects have examined the biological significance of
different habitat types and experimental disposal activities in Lower Granite
Reservoir. These have shown that shallow water habitat serves as foraging and
*holding" areas for juvenile anadromous salmonid fishes and also as spawning

and rearing habitat for resident game fishes. Deep habitats supported fewer
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f}shes, a majority of those were nongame catostomid and cyprinid fishes,

although the white sturgeon Acipenser transmontanus inhabited the deeper

waters. Mid-depth habitats supported a benthic community higher in diversity

and abundance of game fishes than deep habitat but generally lower in .
abundance than shallow habitat. Catch rates of salmonids by surface trawling

in the late spring and summer of 1988 were similar among shallow and mid-depth .
reference and mid-depth disposal stations. Catch rates of predators also were

not significantly different between reference and disposal stations. The

major difference between reference and disposal stations was the paucity of

fishes in the 4-8 inch (100-200mm) and larger than 12 inch (300mm) size

classes at the disposal stations suggesting that spawning and/or rearing

habitat at the disposal stations may not be suitable for certain species.

Results of the first year of monitoring suggested few differences between

disposal and reference stations. This report summarizes results of monitoring
during 1989 and compares with those of previous years and between reference

and disposal stations.

Sampiing for fall chinook salmon commenced in 1990. Findings will be

presented in the Year-3 report {1990).
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OBJECTIVES

1) To compare abundance of fishes at two in-water disposal sites
with those of reference sites.

a. To assess the abundance of larval and juvenile predators with
special emphasis on northern squawfish Ptychocheilus
s oregonensis.
b. To evaluate the suitability and desirability of the newly
created shallow water habitat for spawning and rearing of
. salmonid fishes and potential predators.

2) To compare benthic community abundance at in-water disposal sites
with those of reference sites; and,

3) To provide "ground truthing® for a hydroacoustical survey.

A total of ten stations were sampled in Lower Granite Reservoir during
1989 (Figure 1). Of these, three were associated with habitat created from
in-water disposal events (1, 2, 4), one each with mid-depth reference (6) and
deep reference (8) and five with shallow water reference (3, 5, 9, 10, ilj.
However, not all stations were sampled to accomplish each of the stated

objectives.

Ogggctive 1: ;? coﬁpare abundance of fishes':t two in-water
sposal sites with those of refersnce sites. oy
Gear types varied by habitat type. Surfacedtriwling was used to assess
pelagic salmonid fish abundance. Gi1l nets were used to assess potential
”ﬂﬁeaifg%?abundance among stations, whereas beach seihés and nighttime |
electrofishing were used at ‘shallow statioq%:“ - ’ A
. Larval fish sampling was conducted'af}biweekly intervals from June
through mid-September. Juvenile predator abundance was assessed using paired
. 1.6 ft (0.5m) cone plankton nets and a custom built hand-drawn beam trawl.

Three paired hauls were made at each station each night we sampled.. The beam
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frawl was pulled by two people over a standard distance of 50 ft (15m) along
the shoreline during the daytime. Three such hauls were made along the
shoreline in < 1 m and three in > 1 m for a total of six
hauls/station/sampling date. a
To evaluate the suitability and desirability of the disposal and
selected references sites for spawning, we snorkeled the shorelines and .
recorded fish activity from June through September.
During 1989, we collected 17,567 fishes representing 20 species and 3
genera. We collected the highest number in spring 1989 (10,907). During the
summer, 4,614 fish were collected, whereas during the fall 2,046 adult and
subadult fish were collected.

Relative abundance of fishes varied by station and season. During

-Was. Aie Most abundant

. followed in decreasing

ﬁw accounting for 45.6% of all f%_

order of abundance by largescale sucker Catostomus macrocheilus (25.8%), and
more distantly by steelhead 0. mykiss (6.4%), chiselmouth Acrocheilus
alutaceus (5.4%), and WW . W During
ml]mth oass (30.05) gnd more distantly by white crappie Pomoxis annularis

(5.4%) and geuigeen 9y

RN sied: col ek RS e f TN IIAOYS; a1 Ivouth bass
‘squanfish, were from refevsnce. statiiiami-48.: Largescale

suckers were the most abundant species at the disposal stations 1, 2, and 4.

Size composition of the catch was generally similar except that




Pelagic and deep water fish abundance varied by station and species.

—_—

Uhhas: of neviborn sqeandish behmen UPARY At Yefor |
mt;gr_,,.@(:atches of channel catfish Ictalurus punctatus at disposal stations
were significantly lower than at all reference stations but one.

Comparison of fish abundance among previcus years of monitoring
indicated several changes from 1988-1989. Catch/effort of white sturgeon was
similar among years 1987-1989. '

b o . e
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6ns . S0 Catch/effort of channel catfish was lowest at the mid-depth
disposal station and has not changed from 1987-1989.

Littoral fish abundance varied by station, time of day and among years
sampled. During the night, based on electrofishing, no differences in
catch/effort in steelhead, chinook salmon and northern squawfish were found
between island and reference stations. Catch/effort of smallmouth bass was
significantly lower at island stations than at reference stations.

Several changes in littoral fish abundance have been observed among
years. Catch/effort of steelhead during the day has generally decreased from
1987-1989. Daytime catches of steelhead were significantly lower in up-
reservoir stations than down-reservoir stations. Chinook salmon abundance
during the day was similar among 1988 and 1989. Daytime catch per unit effort
» (CPUE) of northern squawfish, mostly juveniles, increased significantly in

1989 over 1988. At night, based on shoreline electrofishing, no station

b—-—-
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J'differences ;ﬁ'CPUE of chinook salmon were significant althouﬁl Fﬁose 1n 1388
were higher than in 1989. Steelhead CPUE at night were significantly highSr
in 1989 than in 1987 and 1988. Few station differences in the abundance of
smallmouth bass were found from 1987-1989 although no yearly differences were
found. Northern squawfish abundance varied among years and among staf%6ﬁ§%
highest CPUEs were at reference stations. ' :

Larval fish abundance was highest at the shallow water reference
stations (5 and 11) although confidence intervals were wide and overlappiny.
Beam trawling along the shoreline indicated the presence of larval smallmouth
bass at all stations. Larval squawfish were collected by beam trawling once
at island disposal stations 1 ?ggigg but in considerably less abundance than
at a sha1iouhwater reference station (ITY""Results from half meter nets
indicated highest abundance of larval sized predator fish of f the isTand:!l)
and at a shallow reference station (11). Larval smaTlmoJ!h bass were h1gﬁest
in abundance at island stations, whereas northern squawfish were highest in
abundance at an up-reservoir reference station (11).

Our assessment of activity at the newly created island revealed

smallmouth bass nests and later fry at the channel-side of the island. No

nesting was observed on the shore-side of the island, presumably a result of

the sandy substrate and erosion from the island.
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Objective 2: To compare benthic community abundance at in-water

disposal sites with those of reference sites.

Benthic community abundance was assessed by taking 12 Shipek dredge
samples at each statfon during July 1989. Number and wet weights were
determined and expanded to numbers and biomass/mz.

Benthic community biomass consisted of 25% oligochaetes and 75%
chironomids. Total benthic community biomass was significantly lower at
disposal stations and one reference station (3) than at other shallow, mid-
depth, and deep water reference stations. Chironomid biomass was not
significantly different among stations during 1989. Oligochaete biomass
ranged from 1-2 to 11 g/m2 and significantly lower at disposal and one
shallow-water reference stations than at shallow, mid-depth and deep water
reference stations.

Numerical density of benthos varied among stations and by taxonm.
Although not statistically different, density of oligochaetes in 1989 was
highest at the mid-depth disposal station. Chironomid density was
significantly lower at the mid-depth disposal station (4) than other sha]low'
water reference stations.

Yearly comparisons indicated total benthic community biomass was
significantly lower following disposal of dredged materials than prior to
disposal of dredged materials. Our results indicated that benthic community
biomass at the mid-depth disposal station did not change 15 months following
disposal. Numerically, chironomid density decreased at most stations from
1987-1989 although this decrease was not statistically significant. However,
chironomid density decreases were significantly lower in 1989 than from the

predisposal at the mid-depth disposal station. Year-to-year differences in

chironomid density were not significant at the mid-depth reference station
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éithough they were different at a shallow water reference station during 1987-
1989. Oligochaete densities were significantly lower among 1987, 1988, and
1989 at the mid-depth disposal and reference statfions.

Objective 3: To provide for “ground truthing® for the

hydroacoustical survey.

Horizontal and vertical gi11 nets were fished at eleven preselected
transects during April, June, and October, 1983. A total of six nets, two
each experimental horizontal multifilament gill nets, 225 ft {69m) long by 6
ft (1.8m) deep and 1.5, 1.75, and 2.0 inch (3.2, 4.4 and 5.1cm) bar
measurements, generally were set on the bottom adjacent and perpendicular to
both shorelines. Also, two additional mid-depth horizontal nets were set at
each station. Two each vertical nets, 125 ft long, also experimental with two
panels each 6 ft (1.8m) wide of 1.5 and 2.0 inch (3.2 and 5.1cm) mesh were
fished from the surface to the bottom in mid and deep water habitats along
each transect. When shallow water was not available, only four nets were set.
Nets were set for two 6 hour periods each day and night. Catches of various
species were grouped into salmonids, predators and “others" and expressed as
the percentage of the community in three sections (lower-RM 109-114; middle-RM
116-125; and, upper-RM 127-134). Bass, northern squawfish and channel catfish
were considered predators. A1l species not salmonids (sockeye, chincok and
Juvenile steelhead) or predators were lumped in the “other" category.

A total of 836 "other” species, 263 predators and 53 salmonids were
collected during the ground truthing effort for the hydroacoustics evaluation.
Of these, 314, 518 and 320 were collected in the lower (RM 109-114), middle
(RM 119-125), and upper (RM 127-134) reservoir sections, respectively.

A multivariate statistical analysis indicated that these species categories
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ﬁere discrete and permitted an analysis of variance of the influence of
season, reservoir location, habitat, and time on CPUE. Only habitat was a
significant (P<0.05) main effect which indicated a pooling of all the other
variables was appropriate. Once the significance of habitat was determined,
we computed the mean predator abundance as 21.8% (95% Bound 17.8-25.8%) in
shallow water, 24.3% (95% Bound 16.4-32.2%) for mid-depth waters, and 21.8%
(95% Bound 7.1-36.5%) in deep waters. Other species were 76.8% (95% Bound
72.2-81.4%), 73.8% (95% Bound 64.8-82.8%), and 72.4% (95% Bound 0.21-100%) in
shallow, mid-depth and deep water habitats, respectively. These comparisons
show that "other" species are about 3+ times more abundant than predators in
all habitats. Only three species, smallmouth bass, northern squawfish, and
channel catfish, were considered predators, compared to numerous species that
were classified as "others". Abundance of salmonids during the spring was
8.5% (95% Bounds 0.7-16.3%) which was considered a minimum estimate because of
large mesh size on the gi11 nets and the consistent year-to-year trend not to
capture salmonid smolts in high abundance regardless of mesh size.

In summary, results of Year-2 monitoring show neither strong
positive nor negative impacts from the in-water disposal in Lower Granite
Reservoir. Few temporal changes in the fish and benthic communities have been
found and those that have been found are probably balanced in terms of
positive and negative impacts. Year-3 sampling will provide another year’s

data and provide a clearer picture of the impacts of in-water disposal in

Lower Granite Reservoir.
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INTRODUCTION

The Lower Granite Lock and Dam Project on the Snake River was
completed in 1975 to provide electrical power generation, flood control,
navigation, and recreation. A levee system constructed on the Snake and
Clearwater rivers protects the cities of Leuistoﬁ, Idaho, and Clarkston,
Washington, from flooding. The integrity of the levee system, designed
with 5 ft (1.5m) of freeboard, is being threatened by deposition of
sediment in the upstream end of Lower Granite Reservoir. U.S. Army
Corps of Engineer personnel estimate that in excess of 2 million cubic
yards (1,529,200m%) of sediment enters the confluence of the Snake ahd
Clearwater rivers during an "average year" in Lower Granite Reservoir.
Years with higher run-off result in greater inputs of sediment.
Approximately 800,000 cubic yards (611,680m3) of material collects
annually in the upper end of Lower Granite Reservoir interfering with
navigation and flood control aspects of the project.

One of several alternatives being examined to alleviate the
flooding potential is dredging sediment and disposing of dredged
materials in-water approximately 19 miles (30.6km) downstream of the
confluence in Lower Granite Reservoir. Experimental in-water disposal -
was conducted in 1988 and 1989 with construction of an under-water bench
and island at wmid-depth (20-60ft) and some additional disposal at deep
(>60ft) sites.

Several monitoring projects have examined the diological
significance of different habitat types and experimental disposal
activities in Lower Granite Reservoir. Bennett and Shrier (1986) showed

that shallow habitat serves as foraging and "holding® areas for juvenile




;nadromous salmonid fishes and also as spawning and rearing habitat for
resident game fishes. Their study also showed that deep habitats
supported fewer fishes, a majority of those were nongame catostomid and
cyprinid fishes, although the white sturgeon Acipenser transmontanus ’
inhabited the deeper waters. Bennett et al. (1988) reported that mid-
depth habitats supported a benthic community higher in diversity and i
abundance of game fishes than deep habitat but generally lower in
abundance than shallow habitat. Bennett et al. (1990) showed that catch
rates of salmonids by surface trawling in the late spring and summer of
1988 were similar among shallow and mid-depth reference and mid-depth
disposal stations. Catch rates of predators also were not significantly
different between reference and disposal stations. The major difference
between stations was the paucity of fishes in the 4-8 inch (100-200mm)
and larger than 12 inch (300mm) size classes at disposal stations
suggesting that spawning and/or rearing habitat may not be suitable for
certain species. Results of the first year of monitoring suggested few
differences in the fish and benthic communities between disposal and
reference stations (Bennett et al. 1930). This report summarizes
results of monitoring during Year-2 (1989), and compares findings
between reference and disposal stations and with previous years.

Sampling for fall chinook salmon commenced in 1990. Findings will
be presented in the Year-3 report (1990).

Specific objectives of this project were to:




1)

2)

3)

0BJECTIVES

Compare abundance of fishes at two in-water disposal sites

with those of reference sites.

a. Assess the abundance of larval and juvenile predators
with special emphasis on northern squawfish
Ptychocheilus oregonensis.

b. Evaluate the suitability and desirability of the newly
created shallow water habitat for spawning and rearing

of salmonid fishes and potential predators.

Compare benthic community abundance at in-water disposal

sites with those of reference sites; and,

Provide "ground truthing® for a hydroacoustical survey.



STUDY AREA

A total of ten sampling stations were sampled in Lower Granite Reservoir
during 1989 (Figure 1). Of these, three were associated with habitat created
from in-water disposal events (1, 2 and 4), one each with mid-depth reference
(6) and deep reference (8) and five with shallow ﬁater reference (3, 5, 9, 10,
11) stations. However, not all stations were sampled to accomplish each of
the stated objectives. Specific location of sampling was as follows
{numbering follows that‘of Webb et al. [1987] to standardize station

numbering):
Site No. Location

1 RM-120.48-120.19 - shoreline adjacent to the island
created with dredged materials:

2 RM-120.48-120.19 - open water shoreline adjacent to
the island created with dredged materials;

3 RM-120.48-120.19 - reference station with shoreline
area inside the mid-depth site (on-shore);

4 RM-120.48-120.19 - the mid-depth fill site that
created the underwater bench.

5 RM-127 - the shallow reference site (SR2S in Bennett

- and Shrier 1986; LG2S in Bennett et al. 1988); .
6 RM-114.0-114.92 - a mid-depth reference site (LGIM in

Bennett et al. 1988);
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8 RM-120.5 - deep water reference site;

9 RM-111 - shallow site (LG1S in Bennett et al. 1988);

10 RM-110 - shallow site on south side of the reservoir; '
11 RM 135 - shallow site on the north side of the y

reservoir (LG5S in Bennett et al. 1988);

Objective 1: To compare abundance of fishes at two in-water
disposal sites with those of reference sites.

METHODS

Sampling gear used in 1989 was based on results of the 1988 monitoring
that indicated surface trawling was one of the more effective gear types to
assess pelagic salmonid abundance (Benﬁett et al. 1990). Surface traw1ing-
could be fished over the mid-depth disposal station, whereas the purse seine -
could not. Gill nets were used to assess potential predator abundance among
stations, whereas beach seines and electrofishing were especially effective at
shallow stations during the day and night, respectively.

Surface trawling was conducted in April, May and June. The surface
trawl was constructed of 1.5 inch (3.8cm) mesh netting, with a cod end of
0.25 inch (0.64cm) mesh. The inside of the éod end had a metal container
which served as a baffle to prevent nortality of captured fish from
impingement against the net. The surface trawl was designed to be towed
behind and between two boats to prevent "scattering" fish‘from the "prop

wash". The two boats were approximately 148 ft (45m) apart, with 148 ft long

tow ropes. Two tows, the length of each station, were made each time a




S T

gtation was sampled. Towing speed varied from 1.7ft/s (0.53m/s) to 5.25 ft/s
(1.6m/s) (mean = 1.2 m/s; 3.9ft/s). For surface trawling, CPUE was expressed
as number of fish/meter of trawling.

Limited purse seining was conducted during 1989, primarily as a check of
the 1988 findings (Bennett et al. 1990) to assess the concentration of
steelhead and chinook salmon juveniles in the lower reservoir. Because of the
shallow water, purse seining was not possible at the mid-depth disposal
station with the gear available in 1989. Methods used for purse seining were
similar to those used in 1988 (Bennett et al. 1990).

Standardized beach seine hauls were used to sample shoreline areas
during the day at stations 1, 2, 3, 5, 9, and 10. Beach seining was conducted
twice monthly during April, May and June and at monthly intervals during July,
August, September, and October using a 100 x 8 ft (30.5 x 2.4m) seine
constructed of 1/4 inch (0.64cm) knotless nylon mesh with a 8x8x8 ft
(2.4x2.4x2.4m3) bag. A standard haul was made by setting the seine paraliel
to the shoreline using 50 ft (15m) extension ropes which sampled approximately
0.08 acres. Three hauls were made at each station. Catches were expressed as
numbers /haul.

Horizontal, multifilament experimental gil) nets, 225 ft (69m) long by
6 ft (1.8m) deep that were 1.5, 1.75, and 2.0 inch (3.2, 4.4 and 5.1cm) bar
measurements, were fished at all stations except 9, 10 and 11, during April,
May, June, August, and October. Nets were set for a total of a 6 hour period
each day which included 3 hours of daylight and 3 hours of dark. This time
schedule allowed sampling during the crepuscular period, a time which many
species of fish are most active. Nets were checked on a 2 hour schedule at
stations 1, 2, 3, 4, and 5 to avoid destructive sampling of adult salmonidsi

Nets at mid-depth and deep stations were checked on a 3 hour schedule because




few adult salmonids were collected. Catches were expressed as number of
fish/hour.

Standardized nighttime electrofishing was conducted twice monthly during
April, May and June and monthly during July, August, September, and October at f
stations 1, 2, 3, 5, 9, and 10. Electrofishing was conducted by paralleling
as possibly close to the shoreline for three-5 min passes. An output of “
approximately 300 volts and 4-5 amps was found to adequately stun fish while
virtually causing no mortalities or visual evidence of injury. Catches were
expressed as numbers of fish/5 min pass.

Fish collected with all gear types were identified to species and total
lengths (mm) were taken (except adult anadromous fishes). A1l adult
anadromous salmonids were released immediately without removing them from the
water.

In addition, larval fish sampling was conducted at biweekly intervals
from June through mid-September. To assess juvenile predator abundance, we
used paired 1.6 ft (0.5m) cone plankton nets and a custom built hand-drawn
beam trawl (LaBolle 1985) at stations 1, 2, 4, 5, and 11. Cone nets were
towed at night approximately 5.25 ft/s (1.6m/s) at the surface and 3.3 ft (Im)
depth for 3 min at each depth. Three paired hauls were made at each station
each night we sampled. Samples from the cone nets were preserved separately
which provided six samples/sampling location/sampling date. The beam trawl
was pulled along the shoreline by two people over a standard distance of 50 ft
(15m) during the daytime. Three such hauls were made along the shoreline in
shallow (<lm) and deeper (>Im) water for a total of six hauls/station/sampling

date. All samples were preserved'in 10X formalin for later laboratory

enumeration.




To evaluate the suitability and desirabitity of the disposal and
references sites (1, 2, 5, 9, and 10) for spawning, we snorkeled the
shorelines at weekly intervals and recorded fish activity. Spawning activity
was recorded as the presence of fish, other signs of spawning activity
(cleaned gravel, nest construction, etc.} and the presence of recently spawned

Juveniles. We conducted these surveys from June through September.

RESULTS
Species Composition and Relative Abundance

During 1989, we collected 17,567 fishes representing 20 species and
3 genera. The highest number was collected in spring 1989 when we collected
10,907 fish (Table 1). During the summer, 4,614 adult and subadult fish were
collected (Table 2), whereas during the fall 2,046 adult and subaduit fish
were collected (Table 3).

During spring 1989, chinook salmon was the most abundant species
accounting for 45.6% of all fishes collected followed, in decrgasing order of
abundance, by largescale sucker (25.8%), and more distantly by steelhead
(6.4%), chiselmouth (5.4%), and smallmouth bass (4.4%). |

During summer 1989, catches of largescale suckers were highest (38.2%)
followed by smallmouth bass (30.0%) and more distantly by white crappie (5.4%)
and northern squawfish (4.5X%). Number of salmon and steelhead collected
during the summer was low (Table 2).

During the fall, 2,046 fish representing 20 species were collected at

all stations (Table 3). Numerous largescale suckers, smallmouth bass,

northern squawfish, and chiselmouth
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were collected. Highest numbers of the predators, smallmouth bass and
northern squawfish, were collected from reference stations 3 and 10.
Largescale sucker was the most abundant species at disposal stations
1, 2 and 4.

Size Structure

Size structure of the key fishes, northern squawfish, smallmouth bass,
channel catfish, white sturgeon, chinook salmon and steelhead, in Lower
Granite Reservoir has been compared among stations. This analysis represents
those fish collected by all gear types. In general, larger fish were
collected by gi11 nets while smaller ones were collected by beach seines.
Nighttime electrofishing generally collected smaller and some larger fish.
Surface trawling collected larger modal size of chinook salmon than the purse
seine although this relationship was reversed in steelhead. Little effort was
expended using the purse seine during 1989, which in addition to the timing,

could influence the size composition of the catch.

Spring 1989

During the spring of 1989, modal size of chinook saimon juveniles
collected by all gear types was 150 mm (Figures 2-3). Although different
numbers were collected at various disposal and reference stations, size
distributions were similar. Smallest chinook collected were in the 50 mm size
class.

Similar size distributions of juvenile steelhead were found among

stations (Figures 4-5). The range of size classes collected by all gear types

during the spring was 100-375 mm; the smallest steelhead were collected at
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Figure 2. Length frequency distributions of chinook salmon sampled by
all gear types at shallow water stations in Lower Branite
Reservoir, during spring, 1989.
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Figure 3. Length frequency distributions of chinook salmon sampled by
all gear types at stations 4 and 6 in Lower Granite
Reservoir, during spring, 1989,
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Figure 4. Length frequency distributions of steelhead sampled by all
gear types at shallow water stations in Lower Granite
Reservoir, during spring, 1989.
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gear types at stations 4, 6 and 8 in Lower Granite Reservoir,

during spring, 1989.
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station 9 in the lowerreservoir. Modal size was in the 225 and 250 mm size
class.

Size composition of northern squawfish collected by all gear types
during the spring ranged from 50-600 mm; modal size varied from station to d
station (Figures 6-7). In general, modal size was smaller at the disposal and
reference shallow stations than at the mid-depth and deep water reference
stations. Modal size at the shallow reference station 5 was an exception at
375 mm, similar to that from mid-depth disposal station 4.

Size composition of smallmouth bass collected by all gear types during
the spring also varied by station (Figure 8). Although fewer bass were
collected at the island disposal stations (1 and 2), modal size was from
275-325 mm compared to 175 mm at shallow reference station 9. Too few bass
were collected at mid-depth disposal station 4 and mid-depth reference station
6 for comparison. Bass at the mid-depth disposal station 4 ranged from
225-325 mm.

Large channel catfish were collected by gill nets during spring, 1989 in
Lower Granite Reservoir (Figures 9-10). The smallest sized fish, in the
225 mm size class, and the largest fish, in the 675 mm class, were collected
from the deep reference station 8. Generally, too few channel catfish were
collected during the spring from the disposal stations to provide a good

comparison of size composition between reference and disposal stations.

Summer 1989
Too few salmonid juveniles were collected in the summer of 1989 to

provide a good comparison of size composition. The majority of steelhead

collected were from shallow reference station 9 and these ranged from
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Figure 6. Length frequency distributions of northern squawfish sampled

by all gear types at shallow water stations in Lower Granite
Reservoir, during spring, 1989.
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Figure 7. Length frequency distributions of northern squawfish sampled
by all gear types at stations 4, 6 and 8 in Lower Granite
Reservoir, during spring, 1989.
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Figure 8. Length frequency distributions of smalimouth bass sampled by
all gear types at shallow water stations in Lower Granite
Reservoir, during spring, 1989.
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Figure 9. Length frequency distributions of channel catfish sampled by
all gear types at shallow water stations in Lower Granite
Reservoir, during spring, 1989.
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. Figure 10. Length frequency distributions of channel catfish sampled by
all gear types at stations 4, 6 and 8 in Lower Granite
Reservoir, during spring, 1989.
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i25-275 mm. In addition, two smaller steelhead in the 100 mmsize class were
collected from station 1 during the summer.

The size composition of white sturgeon collected during the summer
ranged from 600-1025 mm. The size distribution was nearly normal and moda)
size was 775 mm. Too few sturgeon were collected at stations other than the
deep water reference station (8) to provide a comparison of size and location
differences. The few sturgeon collected at other stations were within the
size range collected at station 8.

Channel catfish collected during the summer of 1989 by all gear types
(Figures 11-12) were similar in size composition (175-625 mm) to those sampled
in the spring (Figures 9-10). The majority of channel catfish collected
during the summer were at station 1. Modal size from stations 1 and 3 was
similar at 275 mm.

A majority of the smallmouth bass collected during the summer were small
as modal sizes ranged from 50-75 mm (Figure 13). Bass collected at the mid-
depth disposal station (4) were 1imited in number although those fish ranged.
from 225-300 mm. Size composition of bass collected from station 2 was
similar to the adjacent reference station 3 and reference stations 5 and 9.

Size structure of northern squawfish sampled by all gear types during
the summer varied widely between mid-depth and shallow stations
(Figures 14-15). In general, we collected mainly smaller squawfish at sha)low
reference and island disposal stations although a few larger ones were

sampled. Squawfish collected at the mid-depth and deep water stations were

Targer (275-450 mm) although larger size was probably related to size bias by
gill netting.
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. Figure 11. Length frequency distributions of channel catfish sampled by

all gear types at shallow water stations in Lower Granite
Reservoir, during summer, 1989,
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Figure 12. Length frequency distributions of channel catfish sampled by
all gear types at stations 4 and 8 in Lower Granite
Reservoir, during summer, 1989.
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Figure 13. Llength frequency distributions of smallmouth bass sampled by
all gear types at shallow water stations in Lower Granite
Reservoir, during summer, 1989.
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Figure 14. Length frequency distributions of northern squawfish sampled

by all gear types at shallow water stations in Lower Granite
Reservoir, during summer, 1989,




29

15
STATION 4
Rm 120
10+
5.
0 L . - EH .........
15
STATON 8
Rm 112

10+

Number of fish
wn

18

STATONS
Rm 120.5
10+
54

Figure 15. Length frequency distributions of northern squawfish sampled
by all gear types at stations 4, 6 and 8 in Lower Granite
Reservoir, during summer, 1989.




o

Fall 1989

During fall 1989, few salmonid juveniles were collected in Lower Granite
Reservoir. The few steelhead collected ranged from 150-350 mm.

Station 8 was the only station where white sturgeon were collected in
the fall. Size classes ranged from 600-1000 mm, similar to that observed
during the summer. Modal size was 725 mm. -

Size composition of northern squawfish in the fall ranged from 75-500 mm
(Figures 16-17). As in the summer, larger squawfish were collected from mid-
depth and deep water stations than from shallow reference and disposal
stations. Two distinct size distributions of squawfish were present at
stations 1, 2, 3, and 5. Modal classes were variable at 125-150 mm to
325-350 mm.

Channel catfish were collected in lTow numbers during the fall although
length classes were similar to those in the summer (225-600mm). The widest
range of sizes were collected from station 8.

The size composition of smalimouth bass collected during the fall was
similar among stations (Figure 18). Bass in the 50-75 mm size classes were

present at all reference and island disposal stations.

Catch/Effort Abundance

Catch rates of fishes varied among stations, years, and gear types. For
purposes of this study, we have identified chinook salmon, steelhead/rainbow
trout, white sturgeon, northern squawfish, smallmouth bass, and channel
catfish as the key species in Lower Granite Reservoir. We have made abundance

comparisons based on statistical anmalysis of catch/effort for surface

trawling, beach seining, electrofishing, and gill netting.
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Figure 16. Length frequency distributions of northern squawfish sampted
by all gear types at shallow water stations in Lower Granite
Reservoir, during fall, 1989.
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Figure 17. Length frequency distributions of northern squawfish sampled
by all gear types at stations 4, 6 and 8 in Lower Granite
Reservoir, during fall, 1989.
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Figure 18. Length frequency distributions of smallmouth bass sampled by
all gear types at shallow water stations in Lower Granite
Reservoir, during fall, 1989,
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All Seasons

Littoral Abundance. ODuring 1989, highest catch/5 min of nighttime
electrofishing for steethead juveniles was at reference stations 9 and 10
(Figure 19). Catch/effort was lowest at stations 1 and 3 followed closely by
station 5. Differences in catch/5 min pass were few and scattered among *
stations. Station 9 was significantly higher than all stations except station

10. The difference observed in the lower river stations from the up-river

stations probably reflects locational differences rather than habitat quality
differences (Figure 20).

. Abundance of smallmouth bass based on nighttime electrofishing indicated
highest abundance at reference stations 9, 10 and 3 (Figure 21). Lowest
catches/effort were at disposal stations 1 and 2; these were significantly
lower than at all reference stations (Figure 22).

Comparison of CPUE by electrofishing for chinook salmon and northern
squawfish indicated that these were similar in abundance and not significantly
different among stations (Figure 23). Overall, mean catch/5 min pass was
highest for both species at station 5 with similar catches of chinook salmon
at the other stations. Catches of northern squawfish by electrofishing were
next highest in abundance at stations 1 and 2. Differences in mean CPUE were
wide for each species but their statistical nonsignificance among stations
demonstrates the wide variation in catch rates of these species.

Littoral abundance of juvenile steelhead trout during the daytime was -
assessed by beach seining. Catch/haul was highest at reference stations 9 and
10 followed by disposal station 2 (Figure 24). Lowest catch/haul was on the
inside of the island (station 1) followed by reference stations 5 and 3. Mean

catch/haul at stations 2, 9 and 10 were not significantly different and the
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Figure 19. Mean catch per 5 minute pass of steelhead by shoreline
electrofishing at shallow water stations in Lower Granite
Reservoir, Idaho-Washington, during 1989.
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Statistical comparisons of the mean of ranks of abundance of
steelhead by electrofishing at shallow water stations in *
Lower Granite Reservoir, Idaho-Washington during 1989.

Stations connected by lines were not significantly (P>0.05)
different.
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Figure 21. Mean catch per 5 minute pass of smallmouth bass by shoreline
etectrofishing at shallow water stations in Lower Granite
Reservoir, Idaho-Washington, during 1989.
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Figure 22. Statistical comparisons of the mean of ranks of abundance of
smallmouth bass by electrofishing at shallow water stations 4
in Lower Granite Reservoir, Idaho-Washington, during 1989,

Stations connected by lines were not significantly (P>0.05)
different.
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at shallow water stations in Lower Granite Reservoir, Idaho-
Washington, during 1989,




41

catch rates at station 2 were not statistically different from those at
stations 3 and 5 (Figure 25).

Comparison of mean catch/haul of smallmouth bass by beach seining
indicated highest daytime 1ittoral abundance at stations 10 and 9 (Figure 26).
Catches at reference stations 3 and 5 were low. Significant differences in
these catch rates were varied and generally indicated no differences in
smallmouth abundance between the island disposal stations and near-by
reference stations 3 and § (Figure 27).

Daytime abundance of northern squawfish based on beach seining was
highest at stations 10 and 1 (Figure 28). Mean catch/haul was Tow at stations
2, 3, 5, and 9. Significant differences among stations were scattered and
generally indicated that the abundance of squawfish at disposal statfons 1 and
2 was similar to that at reference stations 9, 5, and 3 (Figure 29).

Daytime abundance of chinook salmon based on beach seining was similar
among stations. None of the differences in mean catch/haul were statistically

significant among stations.
Pelagic Abundance

Spring.- During 1989, highest catch rates for white sturgeon by gi11 netting
were at station 8 followed distantly by disposal stations 4 and 2 (Figuée 30).
Catch rates for white sturgeon at all reference and disposal stations were
statistically similar except at station 8 (Figure 31).

Catch/effort for northern squawfish by gi11 netting in the spring was
highest at station 5 followed by stations 6, 1 and 2 (Figures 32-33). Catch

rates at other stations were low during the spring. Statistical comparisons

among stations indicated that the catch rates of northern squawfish at
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Statistical comparisons of the mean of ranks of abundance of

steelhead by shoreline beach seining at shallow water
stations in Lower Granite Reservoir, Idaho-Washington,
during 1989. Stations connected by lines were not
significantly (P>0.05) different.
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Figure 26. Mean catch per haul of smallmouth bass by shoreline beach
seining at shallow water stations in Lower Granfte
Reservoir, Idaho-Washington, during 1989.
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Figure 27. Statistical comparisons of the mean of ranks of abundance of
smallmouth bass by shoreline beach seining at shallow water
stations in Lower Granite Reservoir, Idaho-Washington,
during 1989. Stations connected by lines were not
significantly (P>0.05) different.
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Figure 28. Mean catch per haul of northern squawfish by shoreline beach
seining in Lower Granite Reservoir, Idaho-Washington, during
1989,
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Figure 29. Statistical comparisons of the mean of ranks of abundance of
northern squawfish by shoreline beach seining at shallow
water stations in Lower Granite Reservoir, Idaho-Washington,
during 1989. Stations connected by lines were not
significantly (P>0.05) different.
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Figure 30. Mean catch per hour of white sturgeon by gillnetting at
stations 4, 6 and 8 in Lower Granite Reservoir, Idaho-
Washington, during 1989.
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Figure 31. Statistical comparisons of the mean of ranks of abundance of
white sturgeon from gillnetting in Lower Granite Reservoir,
Idaho-Washington, during 1989. Lines connecting seasons and
stations indicate statistical nonsignificance (P>0.05).
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Figure 32. Mean catch per hour of northern squawfish by gillnetting at
shallow water stations in Lower Granite Reservoir, Idaho-
Washington, during 1989.
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Figure 33. Mean catch per hour of northern squawfish by gillnetting at
stations 4, 6, and 8 in Lower Granite Reservoir, Idaho-
Washington, during 1989.
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stations 5, 6, 1, and 2 were not significantly different and that catch rates
of squawfish at all disposal stations (1, 2 and 4) were similar (Figure 38).
Catch rates of channel catfish during the spring of 1990 were generally
low but highest at stations 8 and 6 (Figures 35-36). Catch/effort of channel
catfish at disposal stations 2 and 4 during spring, 1989 was consistently low
and significantly lower than at all reference stations except station 3
(Figure 37). Abundance based on mean CPUE was intermediate at disposal

station 1 being similar to that at the highest stations 8, 6, 5, and 3.

Summer.- Catch rates of white sturgeon in the summer were highest at station 8
(Figure 30). Catches at other stations generally were low (Figure 38).
Statistically, mean catch rates at station 8 were different from all other
stations while those at stations 2 and 4 were similar but significantly higher
than other mid-depth and shallow reference stations (Figure 31).

During the summer of 1989, mean catch/hour of northern squawfish by gill
netting was generally lower than that in the spring except at disposal station
2 where they increased (Figures 32-33).

Mean catch/hour by gill netting of channel catfish generally increased
from spring to summer (Figures 35-36). Highest catch rates in the summer were
at station 1 followed by reference station 3 and disposal stations 4 and 2;

however, these high catch rates were not significantly different (Figure 37).

Fall.- During fall 1989, catch rates of white sturgeon continued to be tow at
all stations except the deep water station 8 (Figure 30). These differences
in catch rates among all other stations and station 8 were significant (Figure
31).

Catch rates of northern squawfish in the fall of 1989 increased over

those in the summer (Figures 32-33). Abundance of squawfish based on gill net
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Statistical comparisons of the mean of ranks of abundance of
northern squawfish by gillnetting in Lower Granite
Reservoir, Idaho-Washington, during 1989. Lines connecting
seasons and stations indicate statistical nonsignificance
(P>0.05).
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Figure 35. Mean catch per hour of channel catfish by gillnetting at
shallow water stations in Lower Granite Reservoir, Idaho-
Washington, during 1989.
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Figure 36. Mean catch per hour of channel catfish by gillnetting at
stations 4, 6, and 8 in Lower Granite Reservoir, Idaho-
Washington, during 1989.
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Figure 38. Mean catch per hour of white sturgeon by gillnetting at
shallow water stations in Lower Granite Reservoir, Idaho-
Washington, during 1989.
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CPUE was highest at stations 5, 6, 1, and 2, but not significant. However,
they were significantly higher than those at stations 3 and 8 (Figure 34).
Abundance of channel catfish during the fall based on gill netting was
highest at station 8 followed by stations 5 and 1 (Figures 35-36). This
difference in catch rates between station 8 and other stations was significant
as was the difference between catch rates at disposal station 1 and the other

disposal stations (Figure 37).

Comparison of Abundance Among Years

eI igure 39). VIRt ailohe R aiilios
VERTFTEIRT TSR th-trigest~forvstungepandineughoui-dhesyr s yeers . -
Generally, few station differences have been found. Seasona) differences were
significant at some stations and not at others. Of all the stations, station

4 has been the most consistent in catch rates of white sturgeon between 1988

and 1989.

A Rt .Migure
40). Catch rates of sturgeon at the mid-depth reference station 6 and the

mid-depth disposal station 4 are not significantly different among the three

years of samp11ng
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Figure 39. Statistical comparisons of the mean of ranks of abundance g{
vy white sturgeon by gillnetting in Lower Granite Reservoir, -
Idaho-Washington, for 1988 and 1989. Lines connecting
years, seasons and stations indicate statistical
nonsignificance (P>0.05}.
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Figure 40.

Statistical comparisons of the mean of ranks of abundance of
white sturgeon by gillnetting in Lower Granite Reservoir,
Idaho-Washington, for 1987, 1988 and 1989. Lines connecting
years, seasons and stations indicate statistical
nonsignificance (P>0.05).




Figure 41). Abundance
at stations 4 and 8 has not changed significantly between years while those at

other stations have exhibited a significant decrease.

1987 - 1989 i

We found a significant year*season*station interaction with northern
squawfish at stations 4, 5 and 6 (Figure 42). Comparison of catch/hour by
gill nets indicated that over 1987-89 and all seasons that station § has had
significantly higher squawfish abundance than both stations 4 and 6. Seasonal
and yearly differences were also significant. Mean catch/hour has been
generally highest during the fall which probably accounts for the seasonal
differences (Figure 43).

Comparison of catch rates for channel catfish indicated a genera)
decrease from 1988 and 1989 (Figure 44). With the exception of the summer,
channel catfish abundance at station 4 was lowest of all stations sampled.
Comparison of catch rates of channel catfish by gi11 netting indicated a
stmilar level of abundance from 1987 and 1989 over all stations (Figure 45).
During all three years, the abundance of channel catfish has not significantly
changed as a result of creation of the mid-depth disposal relative to the

reference stations 5 and 6.

Littoral Abundgnce -
1988 - 1989
Comparison of mean catch/haul by beach seining for chinook salmon .

Juveniles indicated a slight increase in reservoir abundance between 1988 and

1989 at each of the four reference stations (Figure 46). These differences,
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Figure 41. Statistical comparisons of the mean of ranks of abundance of
. northern squawfish by gillnetting in Lower Granite
Reservoir, Idaho-Washington, for 1988 and 1989. Lines
connecting years, seasons and stations indicate statistical
nonsignificance (P>0.05).
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Figure 42. Statistical comparisons of the mean of ranks of abundance of
northern squawfish by gillnetting in Lower Granite »
Reservoir, Idaho-Washington, for 1987, 1988 and 1989. Lines
connecting years, seasons and stations indicate statistical
nonsignificance (P>0.05).




63

STATON
0.6

| | XY 1987 - Middepth Pre-disposa
0.4. vy 19&‘“%%7& 1)
EZZ2) 1983 - Diapondl Sko (Post Yoo 2)

0.24

o0 N7

STATION 5

0.6 | Shoflow Woter Refarence
. 1987
0.4 XX 1988
1989

0.2:

Mean catch /7 hour

0.0

STATION 6

069 [id-depth Refwrence
| 167

04- B8 1988
| 1089 s

0.21

/.. ///

- g Summer Al

Figure 43. Mean catch per hour of northern squawfish by gillnetting at
stations 4, 5, and 6 in Lower Granite Reservoir, Idaho-
Washington during 1987, 1988 and 1989.
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Figure 44. Statistical comparisons of the mean of ranks of abundance of
channel catfish by gillnetting in Lower Granite Reservoir,
Idaho-Washington, for 1988 and 1989. Lines connecting
years, seasons and stations indicate statistical
nonsignificance (P>0.05).
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Figure 45. Statistical comparisons of the mean of ranks of abundance of
' channel catfish by gillnetting in Lower Granite Reservoir,
Idaho-Washington, for 1987, 1988 and 1989. Lines connecting
years, seasons and stations indicate statistical
nonsignificance (P>0.05).
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Figure 46. Comparison of mean catch per haul of chinook salmon by beach
seining at shallow water stations between 1988 and 1989.
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however, were not statistically significant. Comparison of catch/haul at
reference stations 5 and 9 from 1987-89 indicated no significant change in
abundance with time and location (Figure 47).

Comparison of mean catch/haul by beach seining for Juvenile steelhead
has indicated a general decrease in abundance at the reference stations
(Figure 48). Station and year effects were both significant. Mean catch/haul
of steelhead was significantly higher in 1988 than 1989 and catch/haul at up-
reservoir reference stations 3 and 5 was significantly lower than at the down-
reservoir reference stations 9 and 10 (Figure 49). Catch rates for steelhead
from 1987-89 showed both station and year differences (Figure 50). During
that period, catch/haul of steelhead at station 5 was significantly lower than
at station 9. Differences in mean catch/haul were not significant between
1987 and 1988 although both years were significantly higher than 1989.

Mean catch/haul by beach seining for smallmouth bass was generally
higher during 1988 than in 1989 (Figure 51). Statistically, catch rates were
different during those years and catches were higher in down-reservoir
reference stations than in up-reservoir reference stations (Figure 52).
Comparison of abundance of smalimouth bass for 1987-1989 at stations 5 and 9
indicated significant station and year differences as catch rates during 1987
were higher than either 1988 or 1989 (Figure 53).

Abundance of northern squawfish based on catch/haul by beach seining has
decreased from 1988-1989 at station 3 but increased at station 10 (Figure 54).
These differences in catch/haul have shown a general and significant increase
for squawfish between 1988 and 1989 (Figure 55). Squawfish abundance based on

beach seining, was significantly higher at reference stations 3 and 10 than

stations 5 and 9. Comparison of mean catch/haul of northern squawfish among
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Comparison of mean catch per haul of chinook salmon by beach
seining at stations 5 and 9 among 1987, 1988 and 1989.
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Figure 48, Comparison of mean catch per haul of steelhead by beach
seining at shallow water stations between 1988 and 1989.
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Figure 50. Mean catch per haul of steelhead by beach seining at
stations 5 and 9 among 1987, 1988 and 1989.
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Figure 51. Mean catch per haul of smallmouth bass by beach seining at
shallow water stations 3, 5, 9 and 10 between 1988 and 1989,
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smallmouth bass by beach seining in Lower Granite Reservoir,
Idaho-Washington, for 1988 and 1989. Lines connecting years
and statfons indicate statistical nonsignificance (P>0.05).
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Figure 54. Mean catch per haul of northern squawfish by beach seining
at shallow water stations 3, 5, 9 and 10 for 1988 and 1983.
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Statistical comparisons of the mean of ranks of abundance of
northern squawfish by beach sefning in Lower Granite
Reservoir, Idaho-Washington, for 1988 and 1989. Lines
connecting years and stations indicate statistical
nonsignificance (P>0.05).




77

stations 5 and 9 revealed no station differences tn abundance but that catch
rates during 1987 were significantly higher than those in 1988 (Figure 56).

Mean catch/5 min pass by nighttime electrofishing for chinook salmon
indicated higher catch rates 1n-1989 compared to 1988 (Figure 57). Highest
catches of chinook salmon have been at reference statfons 5, 10, and 3 for the
two years. These station differences were not significant aithough the year
differences were significant. When comparing catches of chinook salmon by
electrofishing from 1987-89, catch rates at station 5 were significantly
higher than at station 9 while the year effect was not significant
(Figure 58).

Mean catch/electrofishing pass for juvenile steelhead during 1988 was
generally higher than during 1989 (Figure 59). During 1989, catch rates were
lower at stations 3 and 5 than during 1988. Statistically, catches at
reference stations 10 and 9 were significantly higher than those at mid-
reservoir reference stations 5 and 3. Also, steelhead catches/electrofishing
pass in 1988 were significantly higher than those in 1989. Catches were low
in 1987 at both stations 5 and 9 and significantly different over the 3 years
(Figure 60). Catch rates during 1988 were significantly higher than both
1987 and 1989.

Mean catch/pass by electrofishing for smallmouth bass was generally
higher in 1989 than 1988 at all shallow stations. These year-to-year
differences were not significant although catches at reference station 9 were
significantly higher than those at reference stations 5 and 3. Catches/pass
of smalimouth bass in 1987 were low at station 5 but higher at
station 9 (Figure 61). Yearly differences among 1987-89 were not significant
although catches/pass during that interval were significantly higher at

station 9 than 5.
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Figure 56. Mean catch per haul of northern squawfish by beach seining
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at shallow water stations 5 and 9 for 1987, 1988 and 1989. ﬁ
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A significant difference in catch/pass by electrofishing was found with
northern squawfish for 1988 and 1989 (Figure 62). Station 5 had the highest
catch rates followed by 3, 10 and 9 over both years. Significant differences
in mean catch/pass for northern squawfish were between stations 5 and 9 and
10. CPUE of northern squawfish at station 5 was significantly higher than

station 9 when comparing catches from 1987-89. -

Larval Fish Abundance

During 1989, the highest number of larval fishes collected by beam traw]
was in the shallow water. Highest total number of larval fishes varied by
date but was generally at reference stations 5 and 11 (Table 4). As expected,
confidence intervals were wide and generally encompassed zero. Of the
disposal stations, the channel side of the island (2) generally had the

highest numbers of larval fishes collected by beam traw! compared to station

. 1, inside the is1q£€:)
u‘\d‘{‘lﬁ

Abundance of larval sized predator species sampled by beam traw! varied
by station. For example, larval smallmouth bass were collected at all
stations; abundance at different stations generally varied between the 2 week
period of sampling. Larval northern squawfish were collected once each at
stations 1 and 2 but in far lesser abundance than at reference station 11
where they attained highest abundance. Mean number were considerably higher at
the reference station although confidence intervals overlapped. Other species
in abundance in larval samples collected by beam trawl were Lepomis spp. and
Nicropterus spp. Based on numbers in the reservoir these were most Tikely

pumpkinseed and smallmouths although their larval development was not

sufficient to make a positive identification. Some larval Amerfcan shad ?




85

STATION 8
4 Shallow Woter Refarence

) 2
I W_

| T y
¢ Sialow Nelwr Referwnc /
| e L
; i ‘ /ﬂ
i AT
! 41 Stolow Vel Refwrnc
2.
; I,
T
¢ Soolor Yo Referwnce
2.

FESET R BTSN P RS FERFREFIRFFET

| 198 19%

Figure 62. Mean catch per 5 minute pass by electrofishing for northern
squawfish at shallow water stations 3, 5, 9 and 10 for 1988
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Alosa sapidissima were collected by beam traw]_during the latter part of July
at reference stations 5 and 11 (Table 4).

Results of sampling by larval 1/2 m plankton nets gener;?ly were similar
to those of the larval beam traw!. Highest total number of larval fishes
varied by date but was generally at reference stations 5 and 11 (Table 5). Of
the disposal stations, station 2 had the highest number, while larval fish
abundance at station 4 generally was Tow.

Abundance of larval sized predator species based on 1/2 m nets was high
at disposal station 1 and reference station 11, near the Port of Wilma.
Smallmouth bass were highest at station 1 and 2, whereas northern squawfish
attained highest abundance at station 11 followed by station 2.

Other species collected in abundance by 1/2 m plankton nets were
catostomid and cyprinid species. None of these fish were sufficiently
developed to facilitate species identifications.

The second part of Objective 1 was to evaluate the suitability and
desirability of the newly created shallow water habitat for fishes.

Underwater observations of fish activity were made on both sides of the island

(stations 1 and 2) at about 2 week intervals. Our L g, VTR

suggested that the island was being heavily utilized for spawning and/or

rearing by other potential salmonid predators.
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DISCUSSION

Little change in the size composition of fishes has been observed since
1987. In general, during spring, summer, and fall, modal sizes of northern
squawfish at the disposal and one shallow reference station were smaller than
at mid-depth and deep water stations. A few larger smallmouth bass were
collected at mid-depth and island disposal stations than at reference stations
but numbers were smalt,

Changes in fish abundance were scattered and few were related to in-
water disposal. Juvenile steelhead collected at night by shoreline
e1gctrofish1ng were more abundant in down-reservoir stations than up-reservoir
stations. Lowest catch rates at night were at the shoreline side of the
island followed by the adjacent reference station. This trend generally was
similar to that found during the daytime although juvenile steelhead were

collected in simtlar abundance in the lower reservoir reference stations and

at the channel-side of the island. This suggests that w
W. No

other differences were found in 1ittoral fish abundance during 1989.
Temporal changes in littoral abundance also have been few. Highest

catch rates of juvenile steelhead were in 1988 followed by 1989 and 1987,

presumably related to flow conditions through Lower Granite Reservoir. Uy

coincide w ttered

directly associated with in-water disposal but possibly our removal activities

for predator food habit analyses. Higher mortality of adults may have
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increased survival of juvenile squawfish in a compensatory response., This
apparent increase in abundance of juvenile squawfish may provide insight into
the on-going adult squawfish removals at the dams on the Snake and Columbia
rivers,

Smallmouth bass abundance was generally higher during the daytime in
1988 than in 1989 but Just the opposite during the night. These differences
probably ref'lect differences 1n ﬂmf fish sampled as the assessments made
at night generally reflect subaduIt and adult abundance, while those made
during the daytime reflect young-of-the-year abundance. Increased abundance
of larger bass probably reflect recent strong year-classes of smallmouth
associated with lower flows and warmer water temperatures. Shuter et al.
(1980) clearly demonstrated the importance of water temperature on smallmouth
bass survival in the northern part of their range. These changes in juvenile
and subadult/adult smalimouth bass abundance, however, are not associated with
in-water disposal based on our sampling to date.

Pe]agic fish abundance varied seasonally and among species. White

sturge‘om the deep water reference station had significant]y higher CPUEs

g R B TRy s M W‘MW
during spring, summer, “and ?a11 than at any other statio A]though dfsposal
SR e g g © S 4

activities were conducted dounstream, sturgeon abundance at the deep water

reference station was high M

Catch rates of

sturgeon at the m1d-depth disposal station have been low but the most

consistent of all those at disposal and reference stations.
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Pelagic abundance of northern squawfish at disposal stations during the
spring, summer and fall of 1989 was not different from that at shallow and
mid-depth reference stations. Northern squawfish abundance declined from
1988-1989, which may have been related to removal associated with smolt

consumption studies. However, this seems unlikely since less than

750 squawfish have been removed. ST R o-be o
o CCSERERR e o

CPUEs of channel catfish during sampling year 1989 were similar to those
from reference statfons. The trend in catch rates of channel catfish has been
down although we have not seen a correlation with in-water disposal. Catch
rates of channel catfish in Lower Granite Reservoir have been consistently
Tower than those in Little Goose Reservoir (Bennett et al. 1983).

Larval fish abundance was highest at shallow water reference stations
and generally differed between shallow water sampling (hand trawl) and pelagic
(1/2m net) sampling gear. Statistical differences in abundance of larval
fishes were not evident because of wide confidence intervals. ‘f

WA CTTITON T OO TN,  However, mn

Shrier 1986). ihe reason for their short presence at the island is not known.
Two possibilities exist: they could have grown sufficiently to avoid the

larval nets and/or migrated elsewhere to rear. Squawfish typically grow slowly

and it is unlikely that they would have grown sufficiently within a 2 week
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period to avoid the nets. Habitat suitability for rearing appears to exist.

Both of these areas are very similar in (NN

iebidl. Lor. Louset RNRIPRNIIPIIR™Squawf ish in the 50-150 mm range in

the St. Joe River preferred similar areas, but with slightly more current and

deeper water.

The presence of spawning smallmouth bass at the island was not
unexpected. Based on our observations, bass are using the channel-side of the
tsland for nesting. This side of the island has been armored by cobble and
rubble, a common substrate sought after by spawning bass (Scott and Crossman
1973). The shore-side of the island was not utilized for spawning probably

because of the rapid erosion and small particle size of the substrate.
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Objective 2:  To ALE-RARERAC communily abundance at in-
- iiiisﬂg-’ﬂ?“! es with those of reference
Sites. p— Rt i R e o

METHODS

Twelve benthic samples, treated as statistical repiicates, were
collected during July 1989 using a Shipek dredge (1072.5cm2) at stations
1, 2, 3,4, 5,6, and 8. The sampling locations at each of the seven
stations were at three points along each of four transects evenly spaced
throughout each station.

Sediment was washed through a 0.595 mm sieve bucket (#30) and
organisms preserved in a 5% formalin soTution. Organisms were later
separated into major taxonomic groups (Pennak 1978), enumerated and
weighed. Wet weights were determined by blotting organisms in each
taxonomic group for 1 to 3 minutes (depending upon the group size) and
weighing in a tared, water-filled, covered vessel. Weighing in this
manner precluded variations associated with evaporative water loss.
Sample numbers and weights were expanded (x 9.32) for density estimates

(nos/m2 and g/mz).
RESULTS
Biomass

Benthic community standing crops sampled in July 1989 at the seven
stations ranged from about 1.5 g/m2 at station 2 to about 13 g/m2 at
station 6 (Figure 63). Approximately 25% of the benthic community

biomass was oligochaetes while the remaining 75% was that of

chironomids. Standing crops were highest at the mid-depth reference
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Figure 63. Statistical comparison of mean biomass collected from
various stations in Lower Granite Reservoir, during 1989.
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station (6) followed by those at the deep water and shallow reference
stations. No trends existed between river mile and total standing crop.
Benthic community standing crops at stations 1, 2, 3, and 4 were
significantly (P<0.05) lower during 1989 than those at stations 5, 6§ and
8 (Figure 64).

Chironomid biomass was less variable than total biomass among
stations (Figure 65). Highest chironomid standing crops were at
stations 1, 5 and 6. Widest variation was found at station 1 followed
by stations 3, 5 and 6. Station differences in chironomid biomass were
not significant.

Biomass of oligochaetes during 1989 generally was low (Figure 66).
Dif%erences among stations were substantial ranging from less than
1-2 g/m2 at stations 1-4 to the highest at station 6 of about 11 g/mz.
Low oligochaete biomass was also observed at the shallow reference
station 3 adjacent to the disposal stations. 0ligochaete biomass at
stations 1-4 was significantly lower than at stations 5, 6 and 8 with
differences being up to four to five fold (Figure 66).

Numerical

Numerical density of the oligochaetes and chironomids dfffered
among stations. The mid-depth disposal (4) station had the highest
numerical density of oligochaetes in 1989 although similar to that at
the shallow and deep water reference stations (3, 5 & 8) (Figure 67).
Statistically, oligochaete densities at the island stations (1 & 2) were
not different (P>0.05) from those at the mid-depth reference station (6)

(Figure 68). In comparison, mean chironomid density was lowest at the
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Mean biomass of oligochaetes collected at various sampling
locations in Lower Granite Reservoir, during 1989. Lines
above means represent +/- 2 standard errors from the mean.
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Figure 66. Statistical comparison of mean biomass of oligochaetes
collected from various stations in Lower Granite Reservoir,
during 1989. Lines connecting stations indicate statistical
nonsignificance (P>0.05).
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Statistical comparison of mean number of oligochaetes
collected from various stations in Lower Granite Reservoir,
during 1989. Lines connecting stations indicate statistical
nonsignificance (P>0.05).
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mid-depth disposal station (4) followed by the deep reference

(Figure 69). The island disposal stations (1 & 2) had mean densities

similar to the shallow water reference stations (3 & 5). Chironomid

densities at the mid-depth disposal station were significantly lower .
than those at the mid-depth and shallow reference stations (Figure 70).

Year-Station Comparisons

Biomass

Significant (P<0.05) temporal differences in benthic community
biomass were found at the mid-depth disposal station coinciding with the
pre (1987) and post (1988 and 1989) disposal condition (Figure 71).
Total community biomass at the mid-depth disposal station was lower than
that from the predisposal condition. These comparions demonstrate that
the biomass at the mid-depth disposal station has not changed
significantly from 1988 or 3+ months after disposal to 1989 or 15 months
following disposal. During this same time period, trends in benthic
community biomass at the mid-depth aad shallow reference stations have
exhibited a general decrease (Figure 71). These decreases were not
statistically different between 1987 and 1988 at the shallow water
reference station although they were significant at the mid-depth
reference station. Comparison of standing crops between 1988 and 1989
has indicated significant differences between years at stations 5 and 8,
while those at stations 3, 4 and 6 were not different (Figure 72).

Analysis of community differences through time indicates that
chironomid biomass has generally followed the same trends as the total

benthic community. Statistically, the year*station interaction was

significant (Figure 73). Biomass of chironomids was significantly lower
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e OO M —a L LN D

Figure 70. Statistical comparison of mean number of chironomids ‘
collected from various stations in Lower Granite Reservoir,
during 1989. Lines connecting stations indicate statistical
nonsignificance (P>0.05).
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Statistical analysis of the significant (P<0.05)
year*station interaction for the total biomass of benthic
invertebrates for 1987, 1988 and 1989. Lines connecting

years and stations indicate statistical nonsignificance
(P>0.05).
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Figure 72. Statistical comparison of the total benthic community *

biomass collected from various stations in Lower Granite
Reservoir, during 1988 and 1989. Lines connecting stations
and years indicate statistical nonsignificance {P>0.05).
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Figure 73. Statistical analysis of the significant (P<0.05)
year*station interaction for chironomid biomass for 1987,
1988 and 1989. Lines connecting years and stations indicate
statistical nonsignificance (P>0.05).
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at the mid-depth disposal station following placement of the dredged
materials in 1988 and also in 1989 over that in 1987. As with the total
biomass, no significant increase has occurred from 1988 to 1989. Year-
to-year differences at the mid-depth reference station were not
significant although chironomid standing crops were significantly lower
at the shallow reference station during 1989 than 1988. Comparison of
chironomid biomass between 1988 and 1989 indicates no significant
differences at stations 3, 4 and 6, while those at stations § and 8 were
significantly Tower in 1989 (Figure 74).

Analysis of oligochaete biomass has indicated a significant
year*station interaction. Oifferences between 1988 and 1989 were
significant over all stations (Figure 75). Station comparisons over
1988 and 1989 have indicated that oligochaete biomass at stations 3 and
4 were not significantly different although those at stations 5, 6 and

8 were different.

STATISTICAL COMPARISON

Numerical

Mean numerical density of chironomids from 1987 to 1989 has
generally exhibited a decrease although these differences were not
statistically different (Figure 76). The decrease in chironomid density
at the mid-depth disposal station was significantly different between
1987, the pre-disposal condition, to the post disposa) densities in
1988 and 1989. These year-to-year differences were not statistically

different at the mid-depth reference station although they were

e e oo Ak b 1
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Figure 74, Statistical comparison of chironomid biomass between 1988
and 1989 collected from various stations in Lower Granite
Reservoir. Lines connecting stations and years indicate
statistical nonsignificance (P>0.05).
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Statistical comparison of oligochaete biomass between 1988
and 1989 collected from various stations in Lower Granite
Reservoir. Lines connecting stations and years indicate
statistical nonsignificance (P>0.05).
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Figure 76. Statistical analysis of the significant (P<0.05)
year*station interaction for chironomid numbers for 1987,
1988 and 1989. Lines connecting years and stations indicate
statistical nonsignificance (P>0.05).
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different at the shallow reference station between 1989 and 1987 and
1988. Comparisons between 1988 and 1989 have indicated statistical
differences in the numerical density of chironomids at stations 3, 5 and
8, while those at stations 4 and 6 were not significantly different
(Figure 77).

Oligochaete densities have exhibited similar decreases in the last
3 years (1987-1989) as the total benthic community (Figure 78). There
has been a significant (P<0.05) decrease in-oligochaete densities from
1987 to 1988 and 1989 at the mid-depth disposal station; differences in
oligochaete densities at the shallow reference station are also
significant among the three years. Between 1988 and 1989, oligochaete
numbers have been similar at stations 3 and 6, while those at stations

4, 5 and 8 have been significantly lower in 1989 (Figure 79).

DISCUSSION

Comparison of total benthic community among stations for 1989
indicated that mean biomass at the disposal stations (1, 2 and 4) was
one to two fold lower than mid-depth reference (6) and shallow reference
stations (5) although similar to a near-by reference station (3) (Figure
62). Year-to-year comparisons revealed significant differences in
benthic community biomass at the mid-depth disposal station that
coincides with the pre (1987) and post (1988 and 1989) disposal
condition (Figure 71). These comparions also demonstrate that the
biomass has not changed significantly from 1988 or 3+ months after
disposal to 1989 or 15 months following disposal. Trends in benthic

community biomass at the mid-depth and shallow reference stations have
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Figure 77. Statistical comparison of chironomid numbers between 1988
and 1989 collected from various stations in Lower Granite
Reservoir. Lines connecting stations and years indicate
statistical nonsignificance (P>0.05).
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Figure 78. Statistical amalysis of the significant (P<0.05) >

year*station interaction for oligochaete numbers for 1987,
1988 and 1989. Lines connecting years and stations indicate
statistical nonsignificance (P>0.05).
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Statistical comparison of oligochaete numbers between 1988
and 1989 collected from various stations in Lower Granite
Reservoir. Lines connecting stations and years indicate
statistical nonsignificance (P>0.05).

127



128

also been a general decrease. From these analyses we have found that
the mid-depth disposal station will probably continue to have low
standing crops of benthos similar to the biomass at the shallow
reference station 3. Low densitites are probably correlated to the
sandy substrate that constituted the bulk of the material in the two
disposal events.

The benthic community in Lower Granite Reservoir is composed of
predominatly oligochaetes and chironomids. Of the total biomass,
approximately 75% is composed of chironomids (Bennett et al. 1988,
1990). Because of this and availability, biomass or numerical density
of chironomids is probably the best indicator of fish food production.
Chironomids are consumed by salmonids in Lower Granite Reservoir
(Bennett and Shrier 1986) although the importance of oligochaetes
probably 1ies in their contribution to the food chain. Oligochaetes
have not been found directly in the diet of fishes examined in Lower
Granite Reservoir although crayfish consume them. Crayfish comprise an

extremely important food item of smallmouth bass, channel catfish and

northern squawfish in Lower Granite Reservoir (Bennett and Shrier

1986; Bennett et al. 1988).
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Objective 3:  To provide for *ground truthing” for the
hydroacoustical survey.

Nethods

Horizontal and vertical gill nets were fished at eleven
preselected transects during April, June and October, 1989. A total of
six nets, two each experimental horizontal multifilament gill nets,
225 ft (69m) long by 6 ft (1.8m) deep and 1.5, 1.75 and 2.0 inch (3.2,
4.4 and 5.1cm) bar measurements, were set immediately below the surface
adjacent and perpendicular to both shorelines. Two each vertical nets,
125 ft long, also experimental with two panels each 6 ft (1.8m) wide of
1.5 and 2.0 inch (3.2 and 5.1cm) mesh were fished from the surface to
th; bottom in mid and deep water habitats along each transect. Nets
were set for two 4 hour periods each day and night. Catches of various
species were grouped into salmonids, predators and “others" and
expressed as the percentage of the community in three sections (lower-RM
109-114; middle-RM 116-125; and, upper-RM 127-134). Bass, northern
squawfish and channel catfish were considered predators. All species
not salmonids (sockeye, chinook and juvenile steelhead) or predators
were Tumped in the "other" category. Although nets were set in the

spring and summer during the night and day, catches were pooled because

of low catches.
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RESULTS

A total of 836 "other" species, 263 predators and 53 salmonids
were collected during the ground truthing effort for the hydroacoustics
evaluation (Table 7). OFf these, 314, 518 and 320 were collected in the
lower (RM 109-114), middle (RM 119-125), and upper (RM 127-134)

reservoir sections, respectively.
Reservoir Location Differences

In Lower Granite, CPUEs of predators, "other" species and
salmonids for spring,'summer and fall pooled, were generally similar
among reservoir sections. CPUEs of "other” species in shallow water was
consistently the highest among lower, middle and upper reservoir
sections (Figures 80-82). Predators were the second highest in
abundance in shallow, mid and deep water areas of Lower Granite and also
very similar among sections. Variation in catches was high. Salmonid
abundance based on our ground truthing was about 10-50% the abundance of
predators; CPUE of predators was about 20-40% the abundance of "other”
species. Few salmonids were generally collected in all sections and at
all depths. CPUEs were lower in the mid-depth habitats followed by the
deep water habitats. CPUEs were about 10-30% in deep waters as that in

shallow waters.

e s apei ki«
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Figure 80. Catch per unit effort comparisons based on vertical and
horizontal gillnetting for species groupings of salmonids,
predators and "others® for shallow {<20’), mid-depth (20-
60’) and deep water (>60’) habitat in the lower (RM 109-
114) section of Lower Granite Reservoir, Washington, for
spring, summer and fall, 1989.




2
151 ’
;E i e 1f3
i 7
l ’ ;;;; 156
|7
05 / ;
o mt et
: " oy
’ Shallow Nid Deep
Heblat

Figure 81. Catch per unit effort comparisons based on vertical and
horizontal gillnetting for species groupings of salmonids,
predators and “others® for shallow {<20’), mid-depth (20-
60’) and deep water (>60’) habitat in the middle (RM 116-
125) section of Lower Granite Reservoir, Washington, for
spring, summer and fall, 1989,
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Figure 82. Catch per unit effort comparisons based on vertical and
. horizontal gillnetting for species groupings of salmonids,
predators and "others" for shallow (<20’), mid-depth (20-
60’) and deep water (>60’) habitat in the upper (RM 127-
134) section of Lower Granite Reservoir, Washington, for
spring, summer and fall, 1989.
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Seasona) Differences
Spring

Ground truthing efforts during spring 1989 were impaired by high
flows which precluded effective vertical gill netting at narrow
locations of Lower Granite Reservoir. Catches were reasonably high in
horizontal gi11 nets which suggested that their efficiency was not
overtly affected.

Results of ground truthing were generally similar for all species
groups and all seasons in the three habitats (shallow, mid-depth, deep)
sampled (Figures 83-85). CPUEs were highest for all seasons in shallow
habitats followed by mid-depth and deep habitats. Smaller differences in
CPUEs among species groups were found in the deep water habitats.

In the lower reservoir, largescale suckers and northern squawfish
were abundant in all habitat types. Common carp were also abundant in
deep waters,

In the middle reservoir, largescale suckers, common carp, white
crappie, and northern squawfish were more abundant in shallow habitats.
Largescale suckers and northern squawfish dominated the mid-depth and
deep waters in the middle reservoir although white sturgeon and channel
catfish also were caught in deep waters in this section. In the upper
reservoir section (RM 127-134), largescale suckers and northern
squawfish dominated the catches in shallow habitats. Largescale
suckers, pumpkinseeds, and yellow perch appeared in the catches in mid-
depth waters. Northern squawfish were generally low in relative
abundance accounting for 8% of the fish caught in that section during

the day. The only successful deep water set in this section caught o=

100% northern squawfish. In the nighttime samples, species composition
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Figure 83. Catch per unit effort comparisons based on vertical and
horizontal gillnetting for species groupings of salmonids,
predators and "others™ for spring, summer and fall seasons
at mid-depth habitats (20-60’) in Lower Granite Reservoir,
Washington, during 1989.
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Figure 84. Catch per unit effort comparisons based on vertical and
horizontal gillnetting for species groupings of salmonids,
predators and “"others® for spring, summer and fall seasons .
at shallow water habitats (<20’) in Lower Granite
Reservoir, Washington, during 1989.
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Catch per unit effort comparisons based on vertical and
horizontal gillnetting for species groupings of salmonids,
predators and "others" for spring, summer and fall seasons
at deep water habitats (<60’) in Lower Granite Reservoir,
Washington, during 1989,
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generally was similar although juvenile steelhead were present in the
collections along with white sturgeon in deep waters.

In the spring, mean CPUEs were consistently highest for "other"
species followed generally by predators {Figures 86-88). Fewer number
of individuals were available for comparison among species groups which
greatly increased the variability. These seasonal comparisons showed,
however, that within the spring, species in the "other", predator, and
salmonid category, were genera]lj similarly distributed in abundance
throughout Lower Granite Reservoir in shallow, mid-depth, and deep

waters,

Summer

During summer 1989, a higher number of fishes were collected than
during the spring. Night and day catches generally were similar
throughout the reservoir.

In the lower section from RM 109-115, largescale suckers, white
crappies, and northern squawfish accounted for most of the fish in
shallow water. Largescale suckers, common carp, northern squawfish, and
channel catfish, accounted for most of the fish at mid-depth habitats.
Gi11 netting in deep water showed a high number of species present.
Largescale suckers, carp and channel catfish were high in abundance in
deep waters.

In the middle section, largescale suckers, channel catfish, and
white crappies were abundant in shallow waters. Mid-depth waters in the
middle section were dominated by largescale suckers. Few northern

squawfish were collected in mid-depths. Catches in deep waters for

channel catfish, white sturgeon and white crappies were high in
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Figure 86. Catch per unit effort comparisons based on vertical and
horizontal gillnetting for species groupings of salmonids,
predators and "others" for shallow water habitat (<20’) at
upper (RM 127-134), middle (RM 116-125) and lower (RM 109-
114) sections of Lower Granite Reservoir, Washington, during
the spring, 1989.
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Figure 87. Catch per unit effort comparisons based on vertical and
horizontal gillnetting for species groupings of salmonids,
predators and "others" for mid-depth habitat (20-60’) at ol
upper (RM 127-134), middle (RM 116-125) and lower (RM 109-
114) section of Lower Granite Reservoir, Washington, during
the spring, 1989.
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Figure 88. Catch per unit effort comparisons based on vertical and
horizontal gillnetting for species groupings of salmonids,
predators and “others® for deep water habitat (>60’) at
upper (RM 127-134), middle (RM 116-125) and lower (RM 109-
114) sections of Lower Granite Reservoir, Washington, during
the spring, 1989.
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the middle section. No northern squawfish were collected in deep waters
during the summer.

Catches in the upper section were diverse as crappies, yellow
perch and largescale suckers accounted for the bulk of the fishes
sampled in shallow water. In mid-depth habitat, catches were diverse
with white sturgeon and Targescale suckers accounting for 75% of the
fish caught. Northern squawfish were about 25% abundant.

As in the spring, catches were similar between night and day
although juvenile steelhead, white sturgeon and channel catfish were
collected in higher frequency at night.

During the summer, less difference in CPUEs were found between
shallow and mid-depth habitats whereas CPUEs in deep waters were similar
among species categories (Figures 89-91). In the mid-depth habitats,
CPUEs were similar for predators among reservoir locations but those for
"other” species were significantﬁy lower in the upper section. Few

salmonids were collected during the summer.

Fall

Ground truthing during fall, 1989 provided the best information on
fish relative abundance within the water column. Flows were suitable
throughout Lower Granite Reservoir to fish with both vertical and
horizontal gi11 nets in all habitats. Because of the shortened
photoperiod, nets were fished from late afternoon into the night.

Diversity of fishes sampled during the fall was similar to that
during the summer and much higher than in the spring. Diversity

generally decreased with depth although midfdepth and shallow were

similar in the number of species
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Figure 89. Catch per unit effort comparisons based on vertical and
horizontal gilinetting for species groupings of salmonids,
predators and "others" for shallow water habitat (<20') at

- upper (RM 127-134), middle (RM 116-125) and lower (RM 109-
114) sections of Lower Granite Reservoir, Washington, during
the summer, 1989,
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Figure 90. Catch per unit effort comparisons based on vertical and
horizontal gillnetting for species groupings of salmonids,
predators and "others" for mid-depth habitat (20-60') at
upper (RM 127-134), middle (RM 116-125) and lower (RM 109-
114) sections of Lower Granite Reservoir, Washington, during
the summer, 1989.
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Figure 91. Catch per unit effort comparisons based on vertical and
horizontal gillnetting for species groupings of salmonids,
predators and “others® for deep water habitat (>60’) at
upper (RM 127-134), middle (RM 116-125) and lower (RM 109-
114) sections of Lower Granite Reservoir, Washington, during
the summer, 1989.
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collected in various parts of Lower Granite Reservoir.

In the lower section during the fall, largescale suckers were
abundant in shallow, mid-depth and deep water habitats followed closely
by northern squawfish. Catch rates of northern squawfish Qere high in
the lower section. Species sampled in mid-depth waters included white
crappies, brown bullheads and channel catfish. In deep waters, catch
rates of largescale suckers and northern squawfish were lower than those
in mid-depth waters. Chinook salmon and juvenile steelhead were
collected in low numbers near Lower Granite Dam.

In the middle section during the fall, largescale suckers were
most numerous in shallow water followed by northern squawfish and
chiselmouth. Largescale suckers and northern sqauwfish were the two
dominant species in the mid-depth habitats during the fall. Catch rates
of squawfish were high in comparison to the entire reservoir. In deep
waters, largescale suckers were clearly the highest in relative
abundance although a number of species were collected.

In the upper section, largescale suckers were highest in relative
abundance followed by northern squawfish, channel catfish and bridgelip
suckers. Largescale suckers and squawfish were more abundant in mid-
depth waters. Juvenile steelhead also were collected during the fall in
mid-depth waters although CPUE’s were low. Largescale suckers, white
sturgeon, and chiselmouth were collected in highest abundance in the
deep waters of this section. Some additional juvenile steelhead were
collected in the deep waters. In general, fewer species were collected
in deep waters than in mid-depth waters.

During the fall, CPUEs for “other" species and predators were

consistently highest in shallow waters (Figure 92). In mid-depth
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Catch per unit effort comparisons based on vertical and
horizontal gillnetting for species groupings of salmonids,
predators and "others" for shallow water habitat (<20') at
upper (RM 127-134), middle (RM 116-125) and lower (RM 109-
114) sections of Lower Granite Reservoir, Washington, during
the fall, 1989.
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waters, “other" species were highest in the upper (RM 127-134) and

middle reservoir (RM 119-125) sections while in the lower section (RM
109-114), salmonids and predators had higher CPUEs (Figure 93-94). 1In
the fall, CPUEs for salmonids were low but indicated their presence in

the reservoir in the mid-depth and deep water habitats.
Diel Comparisons

CPUEs for predators and "other" species were higher but generally
similar within the lower section during the spring and summer between
night and day (Figures 95-96). One of the major differences was the
considerably higher CPUEs during the night time for salmonids in the
spring and summer. CPUEs decreased from shallow to deep waters with
those from the mid-depth waters being intermediate.

In the middle reservoir section during spring and summer daytime
hours, CPUEs were about two times higher for "other" species than during
the night at mid and deep water habitats (Figures 97-98). In shallow
waters, however, CPUEs were higher during the night. As in the lower
reservoir, salmonids were exclusively caught during the night. Predator
abundance was similar between night and day based on CPUE.

A similar trend in CPUEs was found between day and night in the
upper reservoir (Figure 99-100). CPUEs were highest for “other" species
at mid-depth habitats for both night and day although in the shallow
habitat, highest CPUE was during the night. CPUE of predators generally
was similar among habitats and night and daytime. Too few species other

than "other® species were collected to ascertain many differences in the

upper reservoir between night and day.
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Figure 93. Catch per unit effort comparisons based on vertical and
horizontal gillnetting for species groupings of salmonids,
predators and “others” for mid-depth habitat (20-60’) at

- upper (RM 127-134), middle (RM 116-125) and lower (109-114)
§e$tio?; of Lower Granite Reservoir, Washington, during the
all, 1989,




150 |

15F

—
LJ L

Figure 94. Catch per unit effort comparisons based on vertical and
horizontal gillnetting for species groupings of salmonids,
predators and "others" for deep water habitat (>60') at “
upper (RM 127-134), middle (RM 116-125) and lower (RM 109-
114) sections of Lower Granite Reservoir, Washington, during
the fall, 1989.
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Figure 95. Catch per unit effort comparisons based on vertical and
horizontal gillnetting for species groupings of salmonids,
predators and “"others" for shallow (<20’), mid-depth (20-
60’) and deep water (>60’) habitat in the lower (RM 109-114)
section of Lower Granite Reservoir, Washington, during the
day in the spring and summer seasons, 1989,
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Catch per unit effort comparisons based on vertical and
horizontal gillnetting for species groupings of salmonids,
predators and "others" for shallow (<20’), mid-depth (20-
60’) and deep water (>60’) habitat in the lower (RM 109-114)
section of Lower Granite Reservoir, Washington, during the
night in the spring and summer seasons, 1989.
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Figure 97. Catch per unit effort comparisons based on vertical and
horizontal gillnetting for species groupings of salmonids,
predators and "others® for shallow {<20’), mid-depth (20-
60’) and deep water (>60’) habitat in the middle (RM 116-
125) section of Lower Granite Reservoir, Washington, during
the day in the spring and summer seasons, 1989,
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Catch per unit effort comparisons based on vertical and

horizontal gillnetting for species groupings of salmonids, .
predators and “others® for shallow {<20), mid-depth (20-

607) and deep water (>60’) habitat in the middle (RM 116-

125) section of Lower Granite Reservoir, Washington, during

the night in the spring and summer seasons, 1989.
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Figure 99. Catch per unit effort comparisons based on vertical and
horizontal gillnetting for species groupings of salmonids,

- predators and “others™ for shallow (<20’), mid-depth (20-
60’) and deep water (>60’) habitat in the upper (RM 127-134)
section of Lower Granite Reservoir, Washington, during the
day in the spring and summer seasons, 1989,
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Figure 100. Catch per unit effort comparisons based on vertical and.
horizontal gillnetting for species groupings of salmonids,
predators and “others® for shallow (<20’), mid-depth (20-
60’) and deep water (>60’) habitat in the upper (RM 127-134)
section of Lower Granite Reservoir, Washington, during the
night in the spring and summer seasons, 1989.
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STATISTICAL COMPARISONS AND BEST ESTIMATES OF ABUNDANCE

Results of our MANOVA indicated that species groupings were valid
and that the predators, "others” and salmonids should be analyzed
separately. Results of an ANOVA indicated that habitat was a
significant variable for predators and other species although time,
reservoir location, and season were not significant. As a result these
variables were pooled to provide the best estimate of abundance.
Predator abundance was 21.8% (95% Bound 17.8-25.8%) in shallow water,
24.3% (95% Bound 16.4-32.2%) for mid-depth waters, and 21.8% (95% Bound
7.1-36.5%) in deep waters. Other species were 76.8% (95% Bound 72.2-
81.4%), 73.8% (95% Bound 64.8-82.8%), and 72.4% (95% Bound 0.21-100%) in
shailou, mid-depth, and deep water habitats, respectively.

The four way interaction between time, habitat, reservoir
location, and season were significant which precluded assessment of the
main effects. As a result of these analyses and the fact that salmonids
are generally present in highest abundance during the spring (although
their catchability increases as they grow), we determined that 8.5% (95%
Bound 0.7-16.3%) of the targets were salmonids during the spring

throughout Lower Granite Reservoir.
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DISCUSSION

The ground truthing data needs to be cautiously examined. For
example, during spring and summer, velocities were often too high to
fish vertical nets in narrow channels. Horizontal nets could be
adequately anchored but vertical nets afforded excessive resistance. We
believe that our fall estimates of predator and "other" fish abundance
were the best, but statistical analyses of CPUE indicated no difference
in abundance by seasons.

We found wide variation in CPUEs among the species groups,
locations and habitats. Although mean CPUE was often high, wide
variances precluded detecting significant‘differences in all variables
but habitat. Regardless, we believe that the mean estimates of
abundance of "others" and predators are probably representative although
salmonid abundance is minimal. Our gi11 nets had the smallest mesh size
of 1 1/4 inch (3.2cm) mesh which means most of the smolts were not
sampled because of their smaller size. Even in previous years (Bennett
and Shrier 1986; Bennett et al. 1988), when the smallest mesh size was
1/2 inch (1.25cm), few salmonids were collected. Ground truthing in
1989, collected the larger juvenile steelhead and no chinook salmon
which grossly underestimated the salmonid abundance.

Our best estimates of predator abundance indicated that they were
from 21.8-24.3% of the fish community. Bounds (95%) on these estimates
were tight with the exception of deep waters where they were wide

because fewer fish were collected overall and catches were variable.
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OVERALL DISCUSSION

Effects of in-water disposal on the fish and benthic communities based
on analysis of data collected during the second year of monitoring have been
scattered without a clear suggestion of either a strong positive or negative
benefit to Lower Granite Reservoir. Fish community relative abundance has
changed 1ittle as a result of the in-water disposal. We collected over 17,500
fish in 1989 and have confidence in our estimates of relative abundance.

The size composition of the fish community has changed 1ittle in the
last few years. In general, during spring, summer and fall, modal size of
northern squawfish was smaller at the disposal and one shallow reference
station than at mid-depth and deep water stations. A few larger smallmouth
were collected at mid-depth and istand disposal stations than at reference
stations, although numbers were small, which suggests a small but possible
benefit to the resident fishery in Lower Granite Reservoir.

Changes in fish abundance were scattered and few were related to in-
water disposal. Lowest catch rates at night were at the shoreline side of the
island followed by the adjacent reference station. During the daytime,
Juvenile steelhead were collected in similar abundance in the lower reservoir
reference stations as at the channel-side of the island which suggests that
the island may provide favorable "holding" habitat for steelhead during the
daytime. No other differences were found in littoral fish abundance during
1989 which could be 1inked to in-water disposal activites.

A few temporal changes in 1ittoral abundance of fishes has occurred but
these are probably more related to hatchery releases and rates of migration
through the reservoir, as in steelhead, than to the benefits or disadvantages

of in-water disposal. Decreases in adult and subadult may be related to
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mortality from food habits sampling and possibly favorable years of spawning
and rearing of smalimouth bass that may consume smaller squawfish.

Other temporal changes in littoral abundance have been insignificant.
Highest catch rates of steelhead were in 1988 followed by 1989 and 1987 4
presumably related to flow conditions through Lower Granite. Catch rates of
northern squawfish in littoral areas increased from 1988-1989; most of these +
fish are juvenile in the 40-100 mm range. These differences, however, were
not associated with in-water disposal but probably our removal activites for
predator food habits analysis that may have indirectly increased survival of
Juveniles by increasing mortality of adults. Smallmouth bass abundance was
generally higher during the daytime in 1988 than in 1989 but vice-a-versa
during the night which probably reflect differences in size distribution as
the assessments made at night generally reflect subadult and adult abundance,
while those made during the daytime reflect young-of-the-year abundance.
These changes in smalimouth bass abundance, however, have not been linked to
in-water disposal activities.

Pelagic fish abundance varied seasonally and among species. White
sturgeon are far more abundant than earlier monitoring studies (Bennett and
Shrier 1986; Bennett et al. 1988; Bennett et al. 1990) indicated. Although
disposal activites were conducted downstream, sturgeon abundance at the deep-
water reference station was high and apparently unaffected by downstream
disposal.

Abundance of the large pelagic predators, channel catfish and northern
squawfish, at disposal stations during the three seasons of 1989 was not
different than at shallow and mid-depth reference stations. The trend in

catch rates of channel catfish has been down although we have not found any

relationship with in-water disposal in Lower Granite Reservoir.
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Larval fish abundance was highest at shallow reference stations but
differed between shallow and open water samples. Statistical comparisons of
abundance were not possible because of wide confidence intervals but predator
production was consistently higher in shallow water at shallow reference
stations than disposal stations. However, pelagic larval sampling indicated
that the backwater behind the island was an important rearing area for young
squawfish although their abundance was of short duration based on our biweekly
sampling. Highest abundance of larval squawfish of any station was station
11, a shallow reference station known to support high populations of squawfish
(Bennett and Shrier 1986). Both of these areas are very similar in habitat;
shoreline gradient is gentle sloping, sandy substrate, and is relatively
shallow. These backwater areas can provide suitable rearing habitat for
young-of-the-year squawfish (Beamesderfer 1983).

Probably the most significant finding to date is that benthic community
standing crops are low compared to some other reference stations. However,
the adjacent reference station to the disposal stations also has low community
abundance. These reference and disposal stations generally have sandy
substrate, substrate known to be low in benthic biomass (Bennett and Shrier
1986). Further analysis of the benthic community indicates that the
chironomid biomass of the interior island station is highest followed by the
two shallow and mid-depth reference stations.

From a fish food standpoint, total community biomass is probably not the
most important measure. The biomass and numerical density of chironomids is
important because they are important food items of downstream migrating smolts
and resident fishes (Bennett and Shrier 1986; Bennett et al. 1988).

Therefore, although total benthic community biomass is low at disposal
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stations, fish food abundance is comparable and even high relative to
reference stations.

Recolonization of disposal areas occurred uith{n three months and
sampling results in 1989 suggest that no significant change in the dynamics of
the benthic community has occurred over the 15 month period. Our results also
have shown some significant decreases in the benthic community at reference
stations. The reason for these changes is unclear but may indicate natural
variation in benthic abundance in Lower Granite.

Results of the 1989 ground truthing for the hydroacoustical work
provided information on fish community abundance. To reduce variation, CPUEs
were calculated on groups such as salmonids, predators and "others”. Results
of the multivariate analysis of variance indicated that this breakdown was
appropriate. This led to analysis of variance of CPUEs by habitat, season,
time-night or day, location in Lower Granite Reservoir, which showed that
habitat was the only significant effect for predator and other fishes.

Another analysis of variance indicated that habitat was indeed highly
significant (P<0.0001) in affecting the abundance of these two groups.
Therefore, seasonal comparisons by reservoir section (upper, middle, and
lower) were not meaningful because of the wide variation in CPUE that obscured
finding significant differences in these main effects. Our best comparison
consisted of pooling the seasons, and comparing CPUE by species groupings
among depth habitats. These comparisons show that “other" species are about
3-4 times more abundant than predators in shallow water, regardless of
reservoir location, 2-3 times more abundant in mid-depth waters and about

equal in deep waters. CPUEs for these two groups generally were statistically

different. Because of the wide variation in CPUE, a precise estimate of the
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number of predators within Lower Granite Reservoir by seasons, location in the
reservoir, and depth habitat is not possible.

The abundance of salmonid fishes was underestimated because of the mesh
size of gill nets and their avoidance. Only larger steelhead juveniles were
consistently sampled by gil1 nets. Our estimate of 8.5% is a minimum
estimate. The wide bounds on the estimate (0.7-16.3%) are indicative of the
high variation.

The variation in the estimates of abundance from ground truthing were
wide but not unexpectedly. Lower Granite Reservoir has in excess of 20
species that range in abundance from <1.0-30% which suggest that variation
will probably be high in comparison to systems with less than five species but
other factors such as high flows contributed also. Grouping the fishes into
the three general categories helped reduce some of the variation.

In summary, results of Year-2 monitoring show neither strong positive
nor negative impacts from the in-water disposal in Lower Granite Reservoir.
Few temporal changes in the fish and benthic communities have been found and
those that have been found are probably balanced in terms of positive and
negative impacts. Year-3 sampling will provide another years’ data and

provide a clearer picture of the impacts of in-water disposal in Lower Granite

Reservoir.
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