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INTRODUCTION

Studies to assess the effectiveness of fine mesh (0.5mm) verti=-

cal traveling screens in reducing entrainment impacts on fishes

in the vicinity of PINGP were begun in 1984 following construc-

tion of a new plant intake and screenhouse in 1983.

The fine

mesh screens, which are used from mid-April through August,

rotate continuously and are equipped with fish-1lift buckets to

enhance survival of impinged fish.

Each of the eight screens'

rotation is variable between three and twenty feet per minute,

depending upon differential pressure across the screen.

Each ten-foot wide screen has a fish and a debris removal spray

system. The fish removal system
(10psi) internal front side spray.
backside of the screen by a 50psi

collected on the fine mesh screens

consists of a low pressure

Debris is removed from the
interior spray system. Fish
are washed off the front side

of the screen into a trough on the screenhouse operating deck.

Flow in the trough is returned to the Mississippi River down-

stream of the plant intake or

can be diverted into fish

collection tanks in the environmental laboratory.

Studies conducted in 1984 concluded that the fish removal spray”

system was more than 98 percent efficient in removing fish from

the front side of the screen and

that laboratory personnel

could effectively separate unstained organisms from debris.

This year, studies were continued

to determine the number and

species composition of fish and eggs collected by the screens,

initial and latent survival of fish collected, and establish

differences between day and night fish densities.
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METHODS AND MATERIALS

SAMPLE COLLECTION

Sample collection commenced on April 15, 1985 and continued
through August 28, 1985. Samples were collected on Monday,
Wednesday, and Friday of each week by diverting 25 percent of
the screen wash water into collection tanks in the basement of
the environmental lab. Wash water flows by gravity from the
screen wash trough, into a drop structure, and through an 18-
inch diameter pipe into the environmental lab basement. Screen
wash water was channeled from the 18-inch pipe through a larval
collection tank manufactured by Lawler, Matusky, and Skelly
Engineers (Figure 1). The collection tank filters approximately
200 gallons of screen wash water per minute through 0.5 mm mesh
nylon screen material. Filtered water was returned to the cir-

culating water system via a l2-inch diameter drain pipe.

Samples collected during 1984 had extremely large numbers of
juvenile fish, particularly channel catfish. These numbers were
thought to be overestimates of actual impingement due to design
problems in the fish collection system. Prior to sampling in
1985 a metal box was constructed inside the adult tank which
allowed the water in the tank to be siphoned rapidly from the
tank. This allowed the 18 inch pipe from the screenhouse to be
thoroughly flushed prior to sampling. It was hypothesized that
in 1984, juvenile and possibly large postlarvae were not being
flushed from the pipe due to low velocity. The new method of
siphoning water from the tank in 1985 allowed for higher
velocity in the pipe which should remove any accumulation of
juvenile and large postlarvae life stages and provide a more

accurate impingement estimate.
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Three types of samples were collected, depending on the type of
data desired. Sample types included abundance, initial
survival, and latent survival. During sample collection,
physical parameters measured included collection time and dura-
tion, screen speed, number of screens sampled, flow through the
larval tank in gallons per minute, river stage, water tempera-

ture, and plant blowdown.

Following a designated sampling duration (three minutes +o 15
minutes), all fish and any debris were gently washed into the
two collection baskets located in the collection area of the
tank (Figure 2). These baskets were then removed from the tank,
the contents transferred to four liter beakers, and transported

to the fish handling and sorting area for further processing.

INITIAL SURVIVAL SAMPLES

These samples were collected at night or early morning to de-
termine night density of fish and eggs and initial survival of
fish impinged on the fine mesh traveling screens (Figure 3).
These samples underwent a "first and "second" sort. The first
sort was designed to remove live and dead fish, with emphasis
placed on removing all live fish in a time efficient manner.
The second sort was designed to assure removal of all remaining
fish and eggs. All fish, eggs, and debris in the sample
containers were transferred to glass baking dishes and sorted
over a light table. During the first sort, fish were separated
from debris and placed in vials labeled "live" or '"dead", based
on the presence or absence of movement, respectively. These
fish were preserved in five percent buffered formalin solution

and retained for identification.
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During periocds of excessive debris loading subsamples were sort-
ed. During the early portion of the study, a subsample large
enough to yield 100 fish (live and dead combined) was,sorted,
but as debris loading and sort time continued to increase, it
became apparent fish were dying as a result of Dbeing entangled
with debris in the sample containers. To avoid pos;ible bias,
sorting was terminated when this condition occurred, regardless
of the number of fish collected. Subsample and total sample
volumes were recorded for calculating density and impingement

estimates.

After completion of the first sort, the entire sample was pre-
served in 10 percent buffered formalin solution containing rose
bengal stain and resorted after the stain had an opportunity to
penetrate any remaining fish and eggs. Fish from the second
sort were included with the "initial dead" from the first sort.

ABUNDANCE SAMPLES

Abundance samples were collected during mid morning to estimate
day density of fish eggs impinged on the fine mesh traveling
screens (Figure 4). After the sample was collected, all fish,
eggs, and debris were preserved in 10 percent buffered formalin
solution containing rose bengal stain. The sample was sorted
after the stain had an opportunity to penetrate all organisms.
All fish and eggs were removed and placed in a labeled vial
containing five percent buffered formalin solution and retained
for identification. Collection duration on abundance samples
varied from less than one minute to approximately 15 minutes,

depending on debris loading and fish density.
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LATENT SURVIVAL SAMPLES

These samples were collected to determine the latent survival of
fish impinged on the fine mesh traveling screens (Figure 5).
Samples were collected during early morning, after the initial
survival sample was completed. Collection duration was re-
stricted to a period less than 20 minutes to minimize sampling
stress; time varied depending on debris loading and fish den-
sity.

After the sample was collected, aliquots were placed in Pyrex
baking dishes and sorted over a light table. Only live fish
were removed and placed in 250 ml wide mouth jars containing
filtered river water. A maximum of six larvae and/or early
juveniles were placed 1in each jar; larger juveniles and small
adults were held in six-gallon aquaria containing filtered river
water. Jars and aquaria were kept in acrylic plastic water
baths receiving a constant supply of river water. This allowed
fish to be maintained at ambient temperatures throughout the
holding period. Larger fish held in aquaria were aerated; small
larvae held in jars were not. No feeding schedule was imple-
mented for fish held during the latent holding period.

Fish held for latent survival estimates were held for 48 hours
and checked after three hours, six hours; every 12, 24, 36 and
48 hours. This is a change from 1984 when fish were held for 96
hours and checked more frequently (Eberley, et al. 1985). At
each observation time, the appropriate jar was placed on the
light table, the number of live and dead fish recorded on a data
sheet, and any dead fish removed. Dead fish were placed in
labeled vials, preserved, and retained for identification. This
procedure was repeated for each jar and any aquaria containing
fish. Following the 48-hour check, all remaining live fish were
preserved and retained for identification.
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Due to the cannibalistic and/or predatory nature of some
species, there were occasions when the previously recorded
number of live fish were not present at the time of observation.
Any missing fish were recorded as "dead", of unknown species and

life stage.

DATA ANALYSIS METHODS

Fish and Egg Density

Fish and egg density was calculated on a day and night basis
using data from abundance and initial survival samples, respec-
tively. Uéing a combination of sample duration, plant blowdown,
and identification data, density values were calculated as
numbers of fish or eggs per 100 cubic meters of water. Values
were initially calculated by individual species and 1life stage
for each date; then expanded to day and night densities of all
taxa and life stages.combined for each date. A students t-~test
was performed to test for significance between day and night

density of all taxa and life stages combined.

- Survival Estimates

Initial survival of fish impinged on the fine mesh traveling
screens was calculated by totaling the number of live fish and
dividing by the number of live plus dead fish of each species
and life stage in each initial sample. Initial survival was
calculated for each sample collected and as a weighted yearly

average.

Latent survival of impinged fish was calculated by dividing the
number of live and dead fish collected in each latent sample.
Overall survival was calculated by multiplying initial times

latent survival.
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Impingement Estimates

Estimates of the number of fish and fish eggs impinged on the
fine mesh traveling screens were calculated by averaging data
from the initial survival and abundance samples. These valdes
were expanded to weekly and yearly impingement estimates. When
only initial or abundance data were available for a given day,

impingement estimates were based on that sample.

Annual survival estimates were calculated using weighted weekly
averages rather than simply averaging overall survival values.
This eliminates the bias of samples having very few fish with

extremely high or low survival.

Identification Methodology

All fish and eggs collected were identified to the lowest

practical taxon by 1life stage and developmental phase. Life
stages included egg, larvae, juvenile, and adult. Terminology
and criteria are similar to those described by Auer (1982). The

larval stage was divided into two developmental phases, pro-
larvae and postlarvae, which correspond to Auer's terms yolk-sac

larvae and larvae.
Terminology and criteria:

Prolarvae (Yolk-sac larvae) - Phase of development from

moment of hatching to complete absorption of yolk.
Postlarvae (Larvae) - Phase of development from complete
absorption of yolk to development of the full compliment of

adult fin rays and absorption of finfold.

Juveniles - Phase of development from complete fin ray deve-

lopment and finfold absorption to sexual maturity.
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Based on above criteria, a postlarval phase does not occur in
channel catfishl/, flathead catfish, Dbullheads, and madtoms.

All fish eggs removed from samples were enumerated, but only

freshwater drum eggs were identified. Others were recorded as
"unidentified fish eggs". No differentiation was made between
live and dead eggs. Egg data were included only in density and

total impingement estimates.

Total lengths (millimeters) of representative specimens were
recorded to establish length ranges for developmental - phases of
each taxon. Representative specimens of taxonomic levels iden-
tified during this study were verified by D.E. Snyder, Larval

Fish Laboratory, Colorado State University.

Identification aids included published and wunpublished litera-
ture, recent manuals (Auer, 1982 and Holland, 1983), reference
specimens from previous studiés, and stereo-zoom microscopes
with bright field/dark field bases and polarizing filters.

1/Test refers to fish by common name. Common and scientific

names are listed in Appendix A.
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Results

A total of 163 samples consisting of more than 40,000 individual
fish and eggs was collected and identified in 1985. Table 1
shows the number of each sample type collected and the number of
organisms identified per sample type. Sampling in 1984 demon-
strated that the traveling screens front spray fish removal
system was extremely (>98%) efficient in removing fish from the
front side of the traveling screens. For this reason, no
backwash samples were collected in 1985. Forty-eight taxa/life
stage combinations were identified from the 1985 samples. Table
2 lists representative total length ranges for 44 taxa/life
stage combinations collected in 1984 and 1985,

Organism Densities

Densities ranged from less than 0.0l to more than 100 organisms
per 100 cubic meters of water sampled in April énd May, respec-
tively (Figure 6). Comparison of day and night densities
revealed that, on the average, day densities were higher than
night densities but the two were not significantly different
(Table 3).

Initial Latent, and Overall Survival

Initial, latent, énd overall survival estimates for all taxa/
life stage combinations collected in the initial and latent sur-
vival samples are presented 1in Table 4. No overall survival
estimates were calculated for those taxa/life stage combinations
not collected in both initial and latent samples. For those
calculated, overall survival is the unweighted product of ini-
tial and latent survival sample estimates. As in 1984, initial,
latent, and overall survival estimates each ranged from =zero to
100 percent, both extremes represented by taxa/life stage combi-

nations for which very few organisms were collected.
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For initial samples, 12 taxa/life stage combinations represented
by at least 100 individuals had an average survival estimate
of 40.1 percent. For these 12 taxa/life stage combinations,
initial survival ranged from one percent for cyprinid prolarvae
to 96.9 percent for channel catfish juveniles. For all taxa/

life stages combined, initial survival averaged 21.6 percent.

Using the same arbitrary 100 individual criteria for latent
samples, ten taxa/life stage combinations averaged 65.4 percent
survival. Latent survival ranged from 10.5 percent (freshwater
drum prolarvae) to 95.7 percent (catostomid prolarvae) for these
same taxa/life stage combinations. For all taxa/life stages

combined, latent survival averaged 70.3 percent.

Overall survival averaged 15.2 percent for all taxa/life stage
combinations. For the taxa/life stage combinations discussed
above, overall survival ranged from zero percent for gizzard
shad postlarvae to 89.9 percent for channel catfish juveniles
and averaged 31.8 percent. By lifestage, juvenile overall
survival was highest averaging 60.7 percent and postlarvae was
lowest at 13.4 percent. Overall prolarvae survival averaged

30.6 percent.

Latent Mortality

Table 5 summarizes the results of the 51 latent survival samples
collected in 1985. The table shows the number of fish that died
at prescribed intervals following collection and the number that
survived after being held for 48 hours. Mortality was highest
during the first three hours following collection and nearly 84

percent of all mortality occurred in the first 24 hours.
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Figure 7 shows the percentage of mortality occurring at each
observation time by lifestage for all taxa/life stage combina-
tions combined. Pro-and postlarvae mortality approached 50
percent only three hours after collection, then rapidly
declined. For juveniles, mortality was more constant throughout
the holding period. Juvenile mortality peaked at 24 hours after

collection.

Estimated Impingement

The estimated number and percentage composition of all taxa/
lifestage combinations impinged between April 15 and August 28,
1985 is presented in Table 6. More than .17 million eggs and
nearly 25 million fish were estimated to have been impinged on
the PINGP vertical traveling screens during 1985; Freshwater
drum prolarvae, juvenile channel catfish, and cyprinid post
larvae comprised 64 percent of all fish impinged. Other taxa/
life stage combinations representing more than one percent of
the total impingement were carp pro-and postlarvae, catostomid
prolarvae, cyprinid prolarvae, freshwater drum postlarvae, and
gizzard shad postlarvae. Freshwater drum eggs represented more
than 95 percent of all eggs collected and more than 40 percent
of all taxa/life stage combinations estimated to have been
impinged. Walleye and sauger were collected in very small
numbers and collectively represented one-tenth of one percent of
‘all taxa/life stage combinations estimated to have been impinged
during 1985.
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Freshwater drum prolarvae estimated impingement peaked in late
June and July (Figure 8) nearly three weeks after their egg
impingement. had peaked. Walleye and sauger prolgarvae estimated
impingement distributions depicted in Figure 9, each appear to
be trimodal. Although the estimated numbers impinged are 1low,
the reasons for these types of distributions are unclear.
Walleye postlarvae were not represented in .samples used to
estimate impingement (initial and abundance) and sauger post-
larvae were collected for only a two-week period. Weekly
estimated impingement rates for white bass and gizzard shad, two
other species of interest at PINGP, are shown in Figures 10 and
11, respectively.

Estimated Annual Impingement Survival

Table 7 presents the estimated number and percentage of fish
which survived impingement on the PINGP fine mesh vertical
traveling screens. Annual percentage survival estimates were
computed by dividing the sum of the weekly estimated number of
fish surviving after 48 hours by the sum of the estimated weekly
number of fish impinged; the resultant estimated survival
percentages are therefore, different than the overall survival
estimates presented in Table 4, which are the product of initial
and latent survival estimates. No annual survival estimates
could be calculated for those taxa/life stage combinations not
represented in both initial and latent samples for at least one

week.

Annual estimated survival percentages ranged from zero to 100
percent. Five taxa/life stage combinations had no estimated
survival (cyprinid prolarvae, gizzard shad pro-and postlarvae,
percid juvenile, and sauger postlarvae) while all tadpole madtom
juveniles were estimated to have survived impingement. For all
taxa/life stage combinations for which estimates could be made,

average annual impingement survival was estimated to be 23.14
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percent. Of the 27 taxa/life éombinations represented by suffi-
cient data, seven had estimated survival rates in excess of 50
percent, while 12 had less than 10 percent. By life stage,
juvenile was highest (49.91 percent) and postlarvae lowest
(16.22 percent) with prolarvae in between at 30.54 percent,

Discussion

Past studies conducted at PINGP (NUS, 1976; Eberley et al.,
1985) and other entrainment studies (Hesse et al 1982) have
indicated that larval fish densities tend to be higher during
hours of darkness than during daylight hours. We collected our
initial and latent samples at.night or early morning to try
maximizing data collection on taxa/life stage combinations
expected to occur in low numbers or be present in samples for
short periods of time. Day and night densities were averaged
when calculating total estimated impingement. ' An average should
present a more realistic estimate of the number of fish

collected than either day or night density data alone.

In contrast to 1984 data, 1985 densities were on the average,
higher during the day, although day and night densities were not
significantly different. Density differences may reflect domi-
nance by one species in the larval drift. In 1984, densities
were significantly higher at night when channel catfish, a
nocturnal species, dominated (>65 percent) the overall catch.
In 1985, freshwater drum, probably a diurnal species, dominated
(>30 percent) the 1larval fish collected. Density differences
may be as much due to species composition as the time of day of
collection.

Survival was generally lower in 1985 than in 1984. In 1984,
initial and overall survival 50.1 and 32.1 percent, respective-
ly, was more than twice that of 1985 (21.6 and 15.2 percent,

respectively). Latent survival averaged 64.0 percent in 1984
and 70.3 percent in 1985. The averages may be deceiving
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however, due to the large influence of channel catfish in 1984
and freshwater drum in 1985. To examine similarities in surviv-
al data for the two years, Table 8 lists initial, latent, and
overall survival data for all taxa/life stage combinations for
which at least 100 individuals were collected in either 1984 or
1985 for each survival category (initial, latent, and overall).
While the 100 individuals per category per year is acknowledged
as being arbitrary, it does provide a criterion for comparison.
While no definitive statements can be made regarding each taxa/
life stage combination, the data does present a two-year surviv-
al range for each taxa/life stage combination. Generally, it
can be stated that all life stages of channel catfish exhibit
relatively high survival. Further, Table 8 reveals those taxa/
life stage combinations exhibiting low (ie <10 percent for both

years) overall survival, namely, gizzard shad postlarvae, fresh-
water drum prolarvae and white bass postlarvae. - Additional
years data collection will be needed to verify the survival

status of other taxa/life stage combinations.

By life stage, juvenile overall survival was highest in both
1984 and 1985, averaging 57.4 and 60.7 percent, respectively;
postlarvae survival was lowest, 17.5 and 13.4 percent respec-
tively. Prolarvae survival was intermediate in both years

averaging 24.8 percent in 1984 and 30.6 percent in 1985.

In 1984, latent survival samples were held for 96 hours. It was
noted however, that mortality unexpectedly began rising dramat-
ically for postlarvae and Jjuveniles after 48 hours. This
condition was thought to be due to factors not related to
impingement stress so samples were held for only 48 hours in
1985 (Table 5, Figure 7). Table 9 compares mortality byA
observation time for all taxa/life stage combinations combined
for 1984 and 1985. In both years, more than 70 percent of the
overall mortality occurred within 24 hours following collection.

Other similarities ©between the years were that initially,
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juvenile mortality was quite low, with prolarval mortality high,
and postlarval mortality between the two. In both years, the
highest mortality for all 1life stages occurred within three

hours following collection.

Estimated 1985 impingement was an order of magnitude less than
the nearly 500 million organisms estimated to have been impinged
in 1984. We feel this is primarily due to changes in sampling
equipment design (see Methods and Materials, Sample Collection
section). This Thypothesis is supported by the fact +that
juveniles comprised less than eight percent of the estimated
1985 impingement compared with more than 70 percent in 1984. We
suspect that the siphon and subsequent flushing the 18 inch pipe
in 1985 removed juvenile fish that had accumulated in the pipe
prior to sampling. The 1985 estimated impingement is also of

the same order of magnitude as the 1975 entrainment estimate (61

million) at PINGP calculated by NUS (1976). We feel +he 1985

estimate is a more realistic approximation of +the number of
organisms which would have passed through PINGP in the absence
of the fine mesh vertical traveling screens than was +the 1984

estimate.

Estimaﬁed 1985 impingement survival (23.14 percent) was consid-
erably lower than the 1984 estimate (42.1 percent). A large
part of this discrepancy is due to the fact that channel catfish
juveniles, which exhibited a relatively high survival rate,
(47.6 percent) dominated the 1984 impingement estimate while in
1985, impingement was dominated by feshwater drum prolarvae
. which experienced very low survival (0.59 percent). For the two
years, impingement survival estimates by lifestage are similar
(58.9 and 49.91 pércent for Jjuveniles, 22.8 and 30.54 percent
for prolarvae and 12.0 and 16.22 percent for postlarvae in 1984

and 1985, respectively).
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Appendix A. Common and Scientific Names of Fish Collected from
the Fine Mesh Vertical Traveling Screens Impingement Survival

Study (After Robins,

Common Name

Bullhead spp.
Burbot

Carp

Channel catfish
Flathead catfish
Freshwater drum
Gar spp.
Gizzard shad
Largemouth bass
Mooneye

Rock bass
Sauger

Trout perch
Tadpole madtom
White bass
Walleye

et al 1980)
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Scientific Name

Ictalurus spp.

Lota lota

Cyprinus carpio
Ictalurus punctatus
Pylodictus olivarus
Aplodinotus grunniens
Lepisosteus spp.
Dorosoma cepedianum
Micropterus salmoides
Hiodon tergisus
Ambloplites rupestris
Stizostedion canadense
Percopsis omiscomaycus
Noturus gyrinus

Morone chrysops

Stizostedion vitreum vitreum
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Figure 3.
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Figure 4.

ABUNDANCE SAMPLE FLOW CHART
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Figure 5.

LATENT SURVIVAL FLOW CHART
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Table 1. Number of samples and organisms collected by sample
type in 1985.

SAMPLE TYPE ' NUMBER NQ. OF FISH NO. OF EGGS
Abundance 60 8745 11858
Initial Survival 52 11106 5738
Latent Survival 51 3847 0
TOTAL 163 23698 17536
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Table 2. Representative total length ranges (mm) for 44
taxa/life stage combinations collected in the
1984-5 fine mesh impingement survival study.

Pro. Post. Juv.

Channel catfish 11.0 - 18.0 N/A 15.0 - 38.0
Walleye 5.6 - 9.2 - 21.5 - 87.0
Sauger 5.1 - 8.2 8.2 - 14.6 -

Lepomis spp. 4.8 - 6.2 5.3 - 7.4 16.7 - 66.0
Pomoxis spp. 4.6 - 5.7 5.2 - 14,7 17.0 - 75.0
White bass 3.9 - 4.2 5.0 - 12.5 15.0 = 56.0
Rock bass - 7.3 - 12.1 14.0 - 32.0
Trout perch 6.3 - 6.6 9.0 - 12.8 13.0 - 43.0
Mooneye 8.3 - 12.6 13.0 - 15.0 -

Burbot 4.7 - 5.3 - -

Carp M 4.9 - 7.6 7.5 - 18.5 23.0 - 52.0
Cyprinids 4.4 - 6.2 5.8 - 17.0 14.0 - 36.0
Catostomids 4.6 - 13.2 8.6 - 22.5 20.0 - 37.0
Freshwater drum 3.4 - 7.5 8.0 - 13.5 14.0 - 51.0
Flathead catfish 16.5 - 17.8 N/A 19.0 - 34.0
Tadpole madtom 10.8 - 11.8 N/A 14.5 - 21.0
Gizzard shad 3.7 - 5.6 7.3 - 14.6- 19.0 - 42.0
Bullhead spp. - N/A 16.0 - 23.0
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Table 3. Day vs. night densiity for all taxa/lifestage
combinations expressed as number of organisms per 100m3 of water

DATE DAY DENSITY NIGHT DENSITY
April 19 0.05 : -
22 0.15 -

23 0.086 -—

25 1.67 -

26 0.17 : -

29 0.47 0.08

May 01 7.59 3.46
03 5.08 1.40

06 8.92 ~1.00

08 23.77 9.93

10 38.89 12.57

13 49.82. 26.00

15 21.14 16.81

17 7.87 1.43

20 74.686 30.29

22 60.70 22.18

24 108.20 58.78

29 66.51 31.06

31 17.862 16.50
June 03 7.58 g.90
05 29.867 45,42

07 26.60 53.48

10 44.07 31.87

12 20.88 16.43

14 6.02 13.07

17 8.71 6.26

19 2.58 3.40

21 29.38 25.28

24 4.63 5.71

26 37.90 25.09

28 14.58 6.64

July 01 3.37 17.386
03 9.74 9.19

05 5.75 7.89

08 1.29 2.64

10 2.68 2.66

12 2.38 4.18

15 3.72 3.00

17 5.13 7.45

19 3.49 4.68

22 - 32.30

24 2.99 2.64

26 0.71 1.47

29 - 8.92

31 2.50 2.32
August 02 0.61 1.62
05 1.58 4.28

07 - 8.68

09 0.84 1.68

12 0.57 2.29

14 0.86 3.15

16 1.14 1.14

19 0.88 5.30

21 0.70 0.98

23 0.39 2.23

26 0.45 1.60

28 0.42 0.61
AVERAGE 14.15 11.93




aATT

JusoIag

IRATAING
1TRIBAQ

0°0 0 T

- 0 0
L°99 Z T
S*1¢ v £€ST
- 0 0
L°99 Z1 9
8°18 6 Z
0° 00T € 0

- 0 0
8°C6 008 Z9
0°06 6 T
0°001 Z 0
ARA GG¢ 184
L°G6 0SS ¥4
0°00T1 S 0
6°G9 141 8¢
z°Zs 61T 60T
L*99 Z 1
0°001 Z 0
v 68 A g3 LE
88 861 9¢
0° 001 T 0
0° 0S5 r4 Z
0°0 0 S
0°0 0 €2
- (O 0

- 0 0
®>._n.H ®>H.H peag

Ausdaadg ) *ON *ON

TeATAINS JusS]Ee

*abelssyrT pue exey Aq TRATAINS [TRIBAO pue ‘jusjer

- 0 0
0° 001 I 0
0° 00T € 0
1°9¢ €9 0sT
0°0 0 ca
L°S98 9 1
L V6 8T T
0° 00T 6 0]
0°00T T 0
6°96 98L 114
0°L6 79 4

- 0 0
£°LS €9 LY
ARYA LEY SLT
0°00T T 0
AT <L 8¢G
701 06 VLL
01 < S0¢
0°o00T Z 0
0°9% YL L8
109 0G¢C 991

- 0 0
0°09 £ "€
1T 4] 9 S
6°§ €1 L0Z
00 0 <L
0°0 0 1
AT 2ATT peag

Ju90aadg *ON *ON

TRATAINS [ET3TUTL

seaarTasod
aevareilsod
aTtTuaanf
arvaxeyrisod
arvaraetTOxd
sTTuaANnlL
aTTusanf
aTTusaAnl
seaxetoxd
aTTusan{
srvaaeTOId
aTtTusanl
seaxeriysod
seaxeTOoad
ITnpe
aTtTusAnl
seaxeTiysod
seaaetToad
a1Tusanl
seaxetasod
aeaaetToxd
aeaae1ysod
seaxeToxd
sTTusanl
seaxei3ysod
seazetoxd
sevaxeI3lsod

obeiysazT

sseq yinouwsbier
sseq Yooy

Sseq 931TUM

Sseq 91TyMm

Sseq 93T1TUyMm
yoasd-3noxy,
USTFIed peayieid
uojpew ojodpey,
wojlpew syodpey
YSTI3ed 1auueyp
Ust3yjedo fTauuryp
8P IWOISOIRD
2epTWO3lsO3Ee)
3P IWOISOIR)
sepruradi)
2eprutadi)
aeprutraxdi)
sepruradi)

dae)

dae)

dxep

2Aoucop

2A3U00R

peys paezzro
peys paezzro
peys paezzyo
dds xen

exe]

‘TeT3TUl  *$ aTqel

222



9ATT

JusdIag

TRATAING
ITRIDA0

€°0L y0LT OVT1
9°g T LT
- 0 0

- 0 0
- 0 0
0°0 0 1
9°0L LL 43
v ov 6G1 GET
G°01 GE L6C
0°0% € €

G LZ 11 6¢C
T°LS 14 €

- 0 0
0°0S T T
0°0 0 T

- 0 0
0° 0§ € £
8°89 11 g

- 0 0
0°06 81 Z
Z°'81 Z 6

- 0 0
m>ﬂd ®>Hq pea(g

ju9sna9dg *ON “ON

TeATAINS jJua3jerT

9°1¢ 0]0] 744 60.L8
00 0] 99
0°0 0 T
6°0 0 0s
00 0 €
- 0 0
L°LS 29 1874
9° LY LET IST
€°¢ 01c 2609
voT1L ] Z
T°91 S 9c
27 LT S ve
0°0 0 T
0°0 c . 14
0°0¢9 T T
00 o . T
0° 001 9 0
€°G 174 L
6°0 0 99
8°18 6 4
801 8 99
0°0 0 61
BATT 2AT] pead
JjusdI9d *ON ‘ON

TRATAINS TRIJITUT

pPe1¥T3uspIUn
seaxeTysod
seaxetoad
bba

aTTusanl
seaxeTasod
seaxetoad
@TTusaanl
seaarTlsod
2eaaevToad
seaxeTOad
aeaxetoad
svaxeT3sod
aeazetoad
aTTusanl
srvaariasod
seaartToad
atrusan(
aeAaeTlsod
avAaTRTOad

abejysegyg

TYLOL

SBAJIRT pPaTIFTIUSLPTUN
d'AIRT paYITiuapIUfn
9BAIRT PIaTITIUSPTUN
SBAIRT pPITFTIUSIPTUN
dvAIRT pPSTITIUSIPTUN
WNIp I23eMmysaig
unIp Is3jemysaig
unIp Is3emysaig
sepToIad

avpIDIag

aeproIadg

*dds UOTPO3ISOZTIS
okaTTeM

Isabneg
seprIyYDIRIIUD)

*dds syxowog

*dds sTtxO0UWOg

*dds stxowog

*dds stwodsTg

*dds stwodag

*dds sywodar

rvXR]L

(penut3uo)) ‘v ®T1qed

223



v¥8¢ voLe 16 96 18T 96T O0ST 997% e300
Z T T 0 0 0 0 0 SeaIeT10ad 2ASTTeM
S6T (474 91 €c 18 € (A} 8¢ araxeT3sod sseq 93TUM
3 4 0 0 0 0 o T sTrusAnf sseq 93TYM
8T T 14 T 13 € 174 ¢ PerFriusprun pPaTIT3iuspruf
€ € 0 0 0 0 0 0 eTTusANn( wo3pew aTodpey
81 z1 0 0 1 14 T 0 sTTUSANL yoaxsd-3noag,
T 0 0 0 0 0] T 0 arvaxeTylsod Iobneg
91 11 0 0 0 0 0 S srvaxeT3sod +dds stxOWOJ
9 € 0] 0 T 0 0 [4 aTTULADD *dds sTxowog
L 14 T T 0] 0 T 0 seaxeToad sepIoIad
0174 TT T T 4 L q €T srageTysod seprToIad
9 € 0 T c 0] 0 0 aTTusanl sepIOoIad
v [4 0 0 T 0 0 T seaxetoad 2 ASUOON
T T 0 0] 0 0 0 0 arazeralsod slsuocoy
T 0 0 0 0 0 0 T seaxeTysod sseq yjnowsbierT
1T Z € 0 T 0 0 g seaxeT3lsod *dds stwodaT
0Z 81 0 0 T 0 0 1 aTTusanl +dds stwodeT
14 0 0 0 T 4 4 8T 2eaaeT3sod peUsS paIRZZID
S 0 0 0 0 0 T 4 aTtTusanl peysS PIRZZTID
A% 9t S S 1% LS 79 EC€T seazeToxd unip JIsjemysaigd
v6¢ 66T 1T QT T4 6¢€ 1€ YIT °oeaaeiysod unip Is3emyussidg
60T LL € 4 L L L 9 aTtusanl unIp JIojemyusoag
IT 6 0 0 0 T 0 T aTTusANnl YysTJleo peoylerd
£ [4 0 0 1 0 0 0 sevazeToad seprutadi)
LZT 61T 8 L S 0 L Z8  @mraxerjysod septrutradiD
z8 14°] T 9 1% T € €T sTrusanl seprutadAD
g 9 0 0 0] 0 0] 0 3Tnpe sepruradi)
0T 6 0 0] T 0 0 0 sevageTOoad ystyleo Tauueryd
z98 008 €1 8 0¢ 6 8 174 aTrTusanl ystyjed [auueyd
QLS 0469 L 9 8 T 0 3 srazeToad SBPITWOISO3RD
9L2 GG 8 T € 0 0 6 seaxerisod 2epTWO3}solr)
4 Z Z 0 0 0 0 0 aTtTusAnl QPP TWOISOZIRD
vee 86T T 8 9 0 0 1T seaaetToad daep
6v¢ AR 8 T 7 € € 6 srvaxreTlsod daxen
4 0 0 0 0 0 0 0 aTTusAnl dze)
12304 SATT 8% pesq 8% o¢ 144 T 9 € sbeysazt eXR]

*obe3lss3TT pue exe3 Agq A3rTeR3lIOW JO SWT

‘g oTqelL

224



Table 6.

impinged during 1985.

Bullhead spp.
Burbot

Carp

Carp

Carp
Catostomidae
Catostomidae
Channel Catfish
Channel Catfish
Centrarchidae
Centrarchidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae .
Flathead Catfish
Freshwater Drum
Freshwater Drum
Freshwater Drum
Freshwater Drum
Gar spp.

Gizzard
Gizzard
Gizzard
Lepomis
Lepomis
Lepomis

Shad
Shad
Shad:
sSpp.
Spp.
spp.

Mooneye
Percidae
Percidae
Percidae
Pomoxis spp.
Pomoxis spp.
Rock Bass
Rock Bass
Sauger
Sauger

Stizostedion spp.

Trout Perch
Tadpole Madtom
Tadpole Madtom
Unidentified
Unidentified
Unidentified
Unidentified
White Bass
White Bass
White Bass
Walleye

LIFE STAGE

juvenile
postlarvae
Jjuvenile
postlarvae
prolarvae
postlarvae
prolarvae
juvenile
prolarvae
postlarvae
prolarvae
adult
juvenile
postlarvae
prolarvae
juvenile
egg
juvenile
postlarvae
prolarvae
postlarvae
juvenile
postlarvae
prolarvae
juvenile
postlarvae
prolarvae
prolarvae
Jjuvenile
postlarvae
prolarvae
postlarvae
prolarvae
postlarvae
prolarvae
postlarvae
prolarvae
prolarvae
juvenile
juvenile
prolarvae
egdg
postlarvae
prolarvae
unidentified
juvenile
postlarvae
prolarvae
prolarvae
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NO.

ESTIMATED
IMPINGED

5376
534752
1503104
201576
1748970
2459504
266112
2688
448
2688
207712
2080416
651264
32256
17010668
278976
984880
11609536
2688
22848
598800
114032
33600
237216
58688
17024
15072
66832
69063
250699
84896
4928
1344
3011
25626
2573
14112
16128
1344
524093
20186
88243
120816
8064
3556585
149648
13978

42487029

Estimated number and percent composition of fish‘and eggs

PERCENT COMPOSITION
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Table 7.

Carp
Carp

Estimated annual impingement and estimated number and
percentage of fish surviving impingement by taxa/lifes

Catostomidae
Catostomidae

Channel

Catfish

Channel Catfish
Cyprinidae
Cyprinidae
Cyprinidae

Flathead Catfish

Freshwater Drum
Freshwater Drum
Freshwater Drunm

Gizzard
Gizzard
Lepomis
Lepomis
Mooneye

Percidae
Percidae
Percidae

Pomoxis
Sauger

Shad
Shad

Spp.
sSpp.

sSpp.

Trout Perch
Tadpole Madtom
White Bass

Walleye

TOTAL

AVERAGE SURVIVAL

LIFESTAGE

postlarvae
prolarvae
postlarvae
prolarvae
juvenile
prolarvae
juvenile
postlarvae
prolarvae
Juvenile
Jjuvenile
postlarvae
prolarvae
juvenile
postlarvae
juvenile
postlarvae
prolarvae
juvenile
postlarvae
prolarvae
postlarvae
postlarvae
Jjuvenile
juvenile
postlarvae
prolarvae

ESTIMATED

IMPINGEMENT

534752
1503104
201576
1748970
2459504
266112
207712
20804186
651264
32256
278976
984880
11609536
22848
5398800
33600
237216
17024
15072
66832
69063
250669
3011
14112
16128
355585
13978

24272996
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ANNUAL
SURVIVAL

224429
741821
119493
1213628
2261449
256460
80001
174252
0

14112
106259
239232
68726

- 0

0
18000
22889
3064
0
6340
7332
3345
0
11760
16128
27582

5616302

PERCENT
SURVIVAL
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Comparizon of 1984 and 1989 initial, latent, and overall survival
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percentages for tava/lifestage combinations represented by at lsast

100 individuals in sither year,

ThiA LIFESTABE 1984 1983 1984 1983 1984 1983

Gizzard Shad postlarvae

Carp

Carp

Cyprinidae

Cyprinidae postlarvas 15804610 10.4(854)

Cyprinidae Jjuvenile C84.20932) 5541801

Catostomidae prolarvae 49, 141118) 7L 461D 58.7(843) 95,7{(575) L7961 68311187
Latostoaidae . postlarvas 40,3{72) 37310 83.3(848)  92,3{27&) 34, 3(340Y  52,91{384)
Channel Catfish prolarvas 87.2(233)  97.01&4) d 49.5(254)  B7.3078)
Channal Catfish juvenile - 64.4(8976) 96.9(811) 73.9(1874) 92,8(842) 44.918852)  39.9(1670)
white Bass pastlarvae 4.1(590) 26, 1(203) 3201980 21.50195) 0, 21530 5.51398)
Hallaye prolarvas 24283 0.0 73745730 F0.0(2)

Freshwater Drum prolarvas §.8013601

Freshuater Drum postlarvas 44,7{107)

Freshuater Drum luvenile F0.40108) . 37,7497; 47, 1L06%) 7051109}

Unidentified Larvae unidentifisd ] AR G508
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