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ABSTRACT

As a first step in developing concise guidelines for fish sampling

programs on large rivers, the juvenile and adult fish sampling data from

the monitoring programs at Susquehanna, Quad Cities, and Prairie Island

nuclear power plants was analyzed to determine the effectiveness and

variability of electrofishing, trapnetting, trawling, and seining on

carp, channel catfish, bluegill, white crappie, and walleye. The four

sampling methods were also compared to determine if the techniques pro

vided similar information about population abundance, and the potential

for using seasonal fluctuations in CPUE or habitat preferences of fish

to reduce sampling variability or sampling effort was explored.

Both effectiveness and variability changed among sites, species,

and years so that none of the sampling methods consistently produced

the greatest CPUE or least variability for all species at all times.

The yearly population trends detected by the four techniques were also

different, so it is uncertain which, if any, of the sampling methods

monitored the real population abundance for the five species.

Electrofishing seems to be the most useful sampling technique be

cause it captured adequate numbers of each species except channel cat

fish, it generally had a low variability, and it captured the widest

size range of fish. There are also indications that its effectiveness

can be further increased by switching from A.C. to D.C. electrofishing

gear and by sampling at night.

Trawling and seining are also useful because they sample different

habitats than electrofishing. However, these techniques are only effective



IT

~~qi~qJ~q

suoI~~s~u~qduIUs~uTdno~i~qp8Ss~1Dep~OUOS]~S~~~U]~dUI~3

~jo~to;~uspunqspnuu~jox~pu~~~~p~i~oid

~ou~tp~9U0UT10UOS~S~U0~UT1np~TUO~UTTd~S~sq~Os

~u9~sTsuoDuT~1~t~ii~q~~nq‘~~sp~u]pea~dd~t~oqs~TD~dsT~nPTATP

~qs~Du91~~Jd~Tq~q~UU~UTSUO~fl~Dfl]~]~UOS~~

94~

ktUO~TpU~~u~q~9DU5]IUA19U~]4EpU~~flJD19~0TS

svq~tzu~~‘~u~qs~oa~znes~v~q~eurss~s3Tdur9sa~~sn~D~q

SPO1I~U11~I~O~s~~n~sns~~qo~ui~s~ous~op~uT~~uds1I

~nbTuqD~~AT~~TI~flb~k~21WE~T~UTUT~SpU~S~9X5TDUU~Dqaootus

‘U~{DAT~AT~T~10~P~P’TTST~UITM~1~‘UoTvtppEU]Sa~sT;~p?1flS1O;



List of Tables.

List of Figures

Introduction

Methods

Site Descriptions

Monitoring Data

Species Selection

Sampling Methods

Procedure for Analysis

Results and Discussion

Trapnet Replicates

Trapnet Variations

Electrofishing Variations
A.C. vs. D.C
Day vs. Night Sampling .

Seasonal Fluctuations in CPUE

Habitat Groupings

Sampling Method — Habitat Interactions

Comparison of Sampling Methods

Conclusions

Acknowledgments

Literature Cited.

Page

1

V

13356

6

10

13

13

14

16
16
17

19

21

24

26

30

33

34

Abstract. .

CONTENTS

iv

111



LIST OF TABLES

Page

Table 1. Fish sampling methods, frequencies, and numbers of
stations used in the Susquehanna, Prairie Island,
and Quad Cities monitoring programs 37

Table 2. Checklist of common fishes at two or more sampling
sites. A abundant, P = present, R = rare 38

Table 3. Ranges of average yearly CPUE and Coefficient of
Variation for framenets and oneida nets at Susquehanna,
1972—74 40

TRhle 4. Aver~g~ ye~ir1y ~neffirient of v~iri.~irion for d~ytim~
and nighttime sampling with A.C. and D.C. electrofishing
at Susquehanna Steam Electric Station (A.C. — 1972—74,
D.C. — 1975—77) 41

Table 5. Range in average yearly CPUE and coefficient of variation
for day and night electrofishing at Susquehanna, 1974—
1977 42

Table 6. Average yearly bluegill CPUE for electrofishing (15 mm.
run) and trapnetting (24 hr. set) from five habitats at
Prairie Island 43

Table 7. Average yearly walleye CPUE for electrofishing (15 mm.
run) and trapnetting (24 hr. set) from five habitats at
Prairie Island 44

Table 8. Average yearly coefficients of variation for bluegill
from electrofishing and trapnetting in five habitats
at Prairie Island 45

Table 9. Average yearly coefficients of variation for walleye
from electrofishing and trapnetting in five habitats
at Prairie Island 46

Table 10. Range of average annual CPUE and coefficients of varia
tion (in parentheses) for daytime electrofishing (15
mm. run), trapnetting (24 hr. set), trawling (7 mm.
tow), and seining (1 haul) at Susquehanna, Prairie
Island, and Quad Cities 47

Table 11. Summary of juvenile and adult fish sampling methods
for riverine sites 48

Table 12. Size ranges (in cm.) of fish caught by trapnet electro—
fishing gear, trawl, and seine at Prairie Island 50

iv



LIST OF FIGURES
Page

Figure 1. Monthly CPUE of two consecutive framenet sets for bluegill
sunfish at Susquehanna 51

Figure 2. Monthly CPUE of four consecutive trapnet sets for white
crappie at Prairie Island 52

Figure 3. Monthly CPUE of two types of trapnets for bluegill sunfish
at Susquehanna 53

Figure 4. Monthly CPUE for day and night electrofishing for walleye
at Susquehanna 54

Figure 5. Monthly CPUE for day and night electrofishing for channel
catfish at Susquehanna 55

Figure 6. Seasonal change in electrofishing CPUE for bluegill sunfish
at Quad Cities 56

Figure 7. Seasonal change in trapnetting CPUE for white crappie at
Susquehanna 57

Figure 8. Seasonal change in seine CPUE for bluegill at Quad Cities . . 58

Figure 9. Average yearly electrofishing CPUE for carp from three
habitats at Quad Cities 59

Figure 10. Average yearly electrofishing CPUE for white crappie from
three habitats at Quad Cities 60

Figure 11. Average yearly CPUE for walleye at Prairie Island from A.C.
electrofishing (15 mm.. run), trapnetting (24 hr. set),
seining (1 haul), and trawling (6 mm. tow) 61

Figure 12. Average yearly CPUE for channel catfish at Quad Cities from
A.C. electrofishing, trapnetting, seining, and trawling 6i.

V



INTRODUCTION

For many years, regulatory agencies such as the Nuclear Regulatory

Commission have required industries to conduct fish monitoring programs

to assess the impacts of various construction and operational activities

on the fisheries communities of large rivers. However, the lack of

knowledge on what is needed to determine impact and the lack of accessible

data on the efficiency and applicability of the various fish sampling

methods in large rivers have resulted in vague monitoring requirements

and the consequent use of a large variety of fish sampling techniques.

This variety, in turn, has added to the difficulty of analyzing monitoring

data because each technique has a different selectivity and efficiency

for the various species, and the results depend on the sampling methods

used as well as the actual populations.

Many studies have been done on the selectivity and effectiveness of

fish sampling methods in lakes and reservoirs (Hansen, 1953; Moyle, 1950;

Powell etal., 1971, Walburg, 1969), but these are not directly applicable

to river sampling because many of the standing water methods such as

gilinetting and trammel netting are not feasible in moving water. In

addition, large rivers present more difficult sampling problems because

they have variable parameters such as river level and current and they

have indefinite boundaries and open, migratory populations. Many rivers,

such as the Mississippi, also have a number of different habitats which

are interconnected, but which may have different populations and sampling

problems.

As a first step in developing guidelines for improved fish monitor—
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ing programs on large rivers, the data on juvenile and adult fishes from

monitoring programs at three riverine nuclear power plants has been

analyzed to obtain a general understanding of the effectiveness, selec

tivity, and variability of present fish sampling methods. Specific

objectives of the study were to:

1. Compare the common methods of sampling fish in terms of their

effectiveness (catch per unit effort) and variability (coefficient

of variation) for five species of fish.

2. Examine any variations in sampling methods to determine if

they increase effectiveness and/or decrease sampling variability.

3. Compare the sampling methods to determine if each technique

provides similar information about population abundance.

4. Examine seasonal trends in CPUE and variability to determine if

there are short sampling periods which will indicate yearly

abundance as well as year—round sampling.

5. Determine whether the populations in the sampling area are

homogeneous and mobile so that population changes are reflected

in the same way in every habitat, or whether different habitats

contain discrete populations so that all habitats on the site

must be sampled to obtain a true index of relative abundance.

6. Determine if grouping stations by habitat will reduce sampling

variance.
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METHOD S

Site Descriptions

After reviewing the fish monitoring programs at riverine nuclear

power plants throughout the United States, the programs at the Susquehanna

Steam Electric Station, the Quad Cities Station, and the Prairie Island

Nuclear Generating Plant were selected for the analysis of sampling

methods. These studies each used a variety of sampling techniques and

each was intensive in terms of sampling frequency or number of sampling

stations over a long period (5 to 8 years). In addition, the three study

areas all had different characteristics so that generalizations between

sites could be investigated.

The Susquehanna site is located on the North Branch of the Susquehanna

River near Berwick, Pennsylvania. At this point, the river is relatively

small, with an average flow of 13,300 cfs and maximum and minimum flows

of 239,000 cfs and 540 cfs, respectively (U.S.A.E.C., 1973). It flows

in a well—defined channel 100 to 480 meters wide and during the summer

low—flow period averages only 1 to 3 meters deep (Ichthyological Associates,

1973).

The river bottom is scoured during periods of high water and consists

of gravel, large rocks, and bedrock, with some silt in the larger eddies.

There is relatively little vegetative cover in the water or along the

shore except during high water, and there are no discrete habitats other

than the riffles, pools, and eddies created by variations in gradient and

current.

The Quad Cities site, on the Mississippi River above Cordova, Illinois,
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is very different from the Susquehanna site because the river is larger,

the current is slower, and the habitats are more diverse. This change

in character is caused largely by the river’s greater volume (average

flow 47,000 cfs) (Commonwealth Edison, 1971) and lesser gradient, but it

is also due to the series of low head navigation dams which have converted

the Mississippi River into a chain of long flowing pools.

Approximately midway along the 29—mile long Pool No. 14, the site

has at least three distinct habitats——main channel, side channel, and

slough. The main channel averages 375 to 750 meters wide and is 6 to 9

meters deep with a bottom of scoured sand. The shoreline is relatively

barren with few submerged stumps and very little overhanging brush or

other cover. In the side channels, the current is much less noticeable

and the shorelines are less scoured, with more overhanging vegetation,

submerged trees, and other cover. Sloughs or backwaters have no current

and they are generally shallow with many submerged stumps and other forms

of vegetation over bottoms of mud or fine sand.

The Prairie Island site is also on the Mississippi River, approximately

300 miles above Quad Cities near Red Wing, Minnesota. With much less

volume (15,000 cfs average) (U.S.A.E.C., l973b), the river is smaller

than at Quad Cities, but the sampling site is more complex because it

includes the swift tailwaters below Lock and Dam No. 3 as well as the

deep flowing pool and shallow slough areas above it.

Four habitats are evident in the area——main channel, slough, river—

lake, and tailwater. Of these, only the North Lake slough is comparable

to the Quad Cities habitats. The main channel overlaps Quad Cities

classifications, having both the scoured gravel, sand, and mud substrate
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of the main channel and the stumps and overhanging brush characteristic

of a side channel. In addition, the Prairie Island main channel has a

number of rock wing dams and riprap sections which are not present at

the Quad Cities site.

Sturgeon Lake, the Prairie Island river—lake, is a large, shallow,

stump—filled body with a number of connections to the main channel. It

is similar to a slough but it has a greater flushing rate and a perceptible

current, especially during high water. The tailwaters of Lock and Dam

No. 3 have strong currents and are fairly deep, with riprap and steep

drop—of fs in most areas. However, they do not extend downstream very

far before the river regains the “typical” main—channel character.

Monitoring Data

In order to compute CPUE and variability for individual species,

sampling dates, sampling stations, and replicates, detailed data was

necessary from each of the three power plant monitoring programs. For

Susquehanna, most of this information was available from the annual

environmental monitoring reports. For the Prairie Island and Quad Cities

monitoring programs, the summarized results in the annual and semiannual

reports were unsuitable for analysis and copies of the original field

data sheets were obtained from the utilities’ consultants.

At least five years of data were analyzed for each site, with six

and eight years used for Susquehanna and Quad Cities, respectively. As

Table 1 shows, both the sampling fizequency and the number of sampling

stations varied from site to site, method to method, and year to year,

ranging from three samples per year to twice per month and from four

sampling stations up to fifty. This provided a data base of approximately
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Species Selection

Because of the great diversity at the three sites, it was not feasible

to analyze the sampling methods for each species. Therefore, five species

which were at least common or abundant at all three sites and which ex

hibited different life histories and habitat preferences were selected

for intensive study. These included carp (Cyprinus carpio), channel cat

fish (Ictalurus punctatus), bluegill (Lepomis macrochirus), white crappie

(Pomoxis cznnularis), and walleye (Stizostedion vitreum).

Of these, the carp was selected primarily because of its importance

in both numbers and biomass at all sites. The other species all repre

sent popular sport fishes which were present in varying abundances at

each site (Table 2).

Sampling Methods

Although eight different fish sampling methods were used at various

times in one or more of the monitoring programs, only electrofishing,

trapnetting, trawling, and seining were analyzed in this study. Gill—

netting, drifting trammel nets, setlining, and midriver seining were not

included because they are unsuitable for generalized riverine monitoring

programs. They are either unusable in current (gillnets), they snag and

are lost easily (drifted trammel nets), they have extremely low CPUE

(midriver seine), or they are too species—selective to be used in general

ized programs (setlines).

Electrofishing utilizes an electric field to immobilize the fish

until they can be captured with dip nets. Either A.C. or D.C. current
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can be used, but A.C. electrofishing is generally more popular and this

was used at all three sites. The equipment was similar among sites with

the basic unit consisting of a 230—volt A.C. generator mounted on a 16

to 18 foot flatbottom boat with the booms and electrodes extending from

the bow. Each unit also had a voltage regulating mechanism to control

current and power. D.C. electrofishing was used at Susquehanna after

1974. This utilized the same boat and generator as the A.C. unit, but

the current was run through a rectifier to transform it to pulsed D.C.

and the electrode configuration was changed to permit effective use of

D.C. current (see Novotony and Priegel, 1974, for design specifications).

At each site, the boat was driven slowly along the shoreline and one

or two men in the bow dipped the stunned fish. Effort, which was reported

as minutes spent shocking, and/or length of shoreline travelled, varied

from year to year and site to site. To make the results uniform, the

data was converted to catch per 15 mm. Urun.hT

The data should still not be considered as directly comparable among

sites because electrofishing effectiveness is affected by the electrode

configuration, the conductivity of the water, and the nature of the river

bottom as well as the size and species of the fish (Novotony and Priegel,

1974). Each of these varied from site to site. Each site also used

different current regulating mechanisms so electrical power and current

of the various units was probably different.

Trapnets were also used at each site. This is a more—or—less generic

term for any fish trap which uses blocking nets and/or a series of net

funnels to guide fish into a central bag or box from which it is diff i—
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cult to escape. They are generally set in 3 to 10 feet of water with

the large funnel opening facing downstream or perpendicular to the cufrent,

depending on the design of the net.

The framenets used at the Susquehanna and Prairie Island sites were

similar. They consisted of a 3 x 6 ft. frame opening and two series of

mesh funnels to direct the fish into a mesh bag. A 50 ft. lead net was

stretched from the mouth of the framenet to divert fish into the trap.

The Susquehanna monitoring program also used an oneida net. This

net, which is harder to set because of its larger size and more complex

construction, has a 6 x 6 ft. opening and three series of funnels. It

also has two wing nets extending from the mouth of the net at 45° angles,

with floor and ceiling netting between them to prevent the fish from

swimming over or under the oneida net once they have been diverted toward

the trap by the barrier and wing nets.

A wing net—hoop net combination was used in the Quad Cities monitor

ing program. It was similar to a framenet except the funnel openings

were circular instead of rectangular and the trap had twowing nets extend

ing from the mouth at 45° angles instead of the framenet’s perpendicular

barrier net. In addition, the hoops also had a slightly larger mesh (1

inch square mesh) than the framenets (1/2 inch square mesh).

For convenience, most of the trapnets were fished for 24 hours before

the catch was removed. However, a few sets were much shorter. Because

there is evidence that trapnet catch is not linear with time (Hansen,

1944; Kennedy, 1951), any sets less than 10 hours long were discarded

from the analysis. All other sets were adjusted to a 24—hour unit of

effort.
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Otter crawling was used to sample midchannel fishes at Prairie

Island and Quad Cities. Both programs used a small trawl (16 ft. head—

rope) with a 1/4 inch square mesh cod end which was towed behind a single

boat. At Quad Cities the river channel was fairly clean so that 7—minute

downstream tows could be taken consistently. However, the Prairie Island

trawling stations contained many rocks, stumps, and other snags which

made hang—ups frequent and trawling time for individual runs varied con

siderably. To make the values for the two sites comparable, a seven—

minute tow was selected as the standard unit of effort and all individual

trawling runs were adjusted to this value.

Although each program used 1/4 inch mesh seines to sample juvenile

and young of the year fishes along the shoreline, the means and variances

of the samples are not directly comparable because each site used differ

ent nets and techniques. The Susquehanna program used a 10 ft. common

seine from 1971 to 1974 when they switched to a 25 ft. bag seine. The

sampling times and effort per station varied from daytime only with

3 hauls/station (1971—72) to day and night with 1 haul/station (1973—74)

to nighttime sampling only with 2 hauls/station (after 1974) (Ichthyologi—

cal Associates, 1972, 1973, 1974, l976a, 1976b, 1977). The Prairie Island

program conducted sampling during the day by making 1 haul/station with

a 50 x 4 ft. bag seine. A 100 x 8 ft. bag seine was used in 1973, but

this was discontinued because it was too large to effectively sample a

number of stations (Northern States Power Co., 1975). The Quad Cities

program also conducted daylight sampling, but they made 2 hauls/station

with a 25 x 6 ft. common seine (Industrial Biotest, Inc., 1973).
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Because of the variety of seines and techniques, no attempt was made

to adjust the results to a single unit of effort. Instead, the results

were simply adjusted to catch/haul for whatever seine or method was being

used.

Procedure for Analysis

To meet the objectives of the study, CPIJE, variance, and coefficient

of variation were computed by month for each of the five species by sampling

method at each of the three sites. Monthly periods were used for these

initial calculations because the fish populations were assumed to change

over time, and months were the shortest periods which gave sufficient

samples to allow realistic estimates of CPUE and variance. Had longer

periods been used, the possibility of combining different populations

would have been increased and the variance estimates might have been

unrealistically high.

From these calculations, a series of graphs plotting average monthly

CPUE over time was developed for each sampling method and species. The

first of these plotted CPTJE by replicate for methods with consecutive

hauls or sets such as trawling at Quad Cities and framenetting at Prairie

Island. Pseudo—replicates such as day and night electrofishing at

Susquehanna were also plotted. These graphs were evaluated by inspection

to determine if the samples which were considered “replicates” on the

monitoring programs were actually replicates or if there was a bias in

the results indicating that different populations were sampled. The

graphs were also used to establish the relative effectiveness of method

variations, such as day vs. night sampling, and to determine how well the



11

results of these variations corresponded on a monthly basis.

Additional graphs were developed for CPUE/month by method and species

for all replicates and all stations combined. These were used to determine

if there were any seasonal trends in abundance and whether short periods

such as spring or fall could give realistic indications of yearly abundance.

To compare average CPUE and coefficients of variation for the various

methods and to determine whether observed population changes in the five

target species were consistent among the different methods, yearly

averages for CPUE and coefficient of variation were developed. For CPUE

this was done by averaging the monthly values for each month in which

sampling was attempted, including months in which no fish were caught.

This did not give the true yearly grand means because the calculation was

not weighted for differences in sampling effort between months; however,

this computation gave an average value for the many different populations

throughout the year and it avoided the problem of differing sample sizes.

The only assumption the computation required was that the same months

were sampled each year by each method. Since sampling dates did change

between years, this was not strictly true, but the error should have been

insignificant if there were no consistent seasonal patterns of abundance.

Average yearly coefficients of variation (C.V.) were computed in

the same manner as the yearly CPUE except only non—zero monthly values

were included in the averages. This avoided distortion of the coefficient

of variation when many months had zero CPUE and therefore had an undefined

C.V. It was assumed that the coefficients of months with zero CPUE would

be similar to the coefficients of variation of other months with greater

CPUE since seasonal trends in C.V. were not expected for either species
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or methods.

To evaluate the five species’ habitat preferences and their effect

on sampling variance, additional variance tables were developed by

grouping the sampling stations at each site into habitat types before

computing average CPUE, variance, and coefficient of variation. The

primary groupings for the Quad Cities site included main channel stations,

side channel stations, and slough or backwater stations. These were

based on a combination of substrate, current, and cover differences as

explained in the site description. There were five habitat groupings

at Prairie Island: main channel——silt, main channel——riprap, tailwater,

river—lake, and slough. In addition, a sixth group was established to

include the probable impacted sites in the immediate plant area.

At Susquehanna there were no distinct habitats other than riffle

and pool, so the stations were grouped by substrate as either fine—coarse

sand, coarse sand—pebble, pebble—cobble, or cobble and boulder. This was

felt to be a more realistic classification than current velocity because

the current fluctuates considerably with river level, while substrate

composition is more stable and should reflect the relative velocity over

a long period.

The potential for reducing sampling variability by grouping sampling

stations according to habitat was investigated by comparing the range of

coefficients of variation for the station groups against the coefficients

of variation for all stations (all habitats) combined. In addition, the

station group CPUEs were compared to determine if the different habitat

groups corresponded with each other on a monthly or yearly basis so the

necessity of sampling all of the habitats to obtain an accurate index
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of relative abundance for the five species could be examined.

RESULTS AND DISCUSSION

Trapnet Replicates

Although most monitoring programs routinely combine consecutive

trapnet sets or “rep1icates,’~ two factors may potentially bias the repli

cate results and should be considered before the data is lumped. First,

the initial set or sets may catch enough fish to significantly reduce

the populations sampled in subsequent sets and result in reduced CPUE for

the later replicates. This would be particularly important for small,

nonmobile populations where the fish are released at different points

than they are captured. Even releasing the fish at the same sites

cannot guarantee that the catchable populations will remain the same for

subsequent samples, because the fish may exhibit an increased avoidance

response after being captured once.

There is also some evidence that acclimation to the presence of the

trap will increase some fishesT tendency to enter it (McCammon and

LaFaunce, 1961). This, in effect, would increase the efficiency in the

later replicates and give a trend of increasing CPUE through time.

Neither of these factors seemed to be active in the trapnet catches

at either Susquehanna or Prairie Island, because no consistent trends of

increasing or decreasing CPUE by replicates were observed in either the

monthly or yearly averages for any of the five species at either site.

As figures 1 and 2 show, there were large differences in replicate CPUE

values at both Susquehanna and Prairie Island, but since trapnets are
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passive sampling devices depending upon both the population size and the

activity of the fish for CPUE, thes:e differences can probably be explained

by changes in the activity levels of the fishes, i.e., a heavy rain would

be likely to cause a strong feeding response and more fish would encounter

the net than during the day before when the fish were not as active.

Sampling variability did not seem to be significantly increased by

combining the trapnet replicates, since the coefficients of variation for

all replicates combined were well within the range of the coefficients

for the four individual replicates for each species at Prairie Island except

the channel catfish, which had a very low CPUE. The Susquehanna data was

inconsistent in that it did show an increase in variability, with the

combined coefficients generally being larger than either of the individual

replicate coefficients of variation; however, this was probably an artifact

of the low number of replicates taken per sampling station (only 2) and the

relatively low framenet CPUE for all species at Susquehanna.

With no evidence of CPUE trends between replicates and only weak,

inconsistent evidence of increased variability with combined replicates,

it seems valid to combine all of the trapnet replicates. This was done for

the remainder of the analysis.

Trapnet Variations

Although the monthly CPUE values for framenet and oneida net showed

little correspondence for the three years in which they were used con

currently at Susquehanna (fig. 3), the average yearly CPUE trends for the

two methods corresponded very well. This suggests that both methods can

detect the same long—term population changes; however, the oneida net

seems to be a more useful fish monitoring technique because it was more
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effective than the framenet in capturing all five species. The increases

in average yearly CPUE of the oneida net over the framenet were consistent,

ranging from 1.2 — 3.5 times for bluegills and white crappies to greater

than 30 times more efficient for channel catfish. Carp and walleye were

also affected significantly, with CPUE increases of from 3 to 16 times

(Table 3).

The variability of the oneida net catches was also consistently less

than that of the framenets, with the coefficients of variation varying

between .75 — 2.96 and 1.56 — 3.61, respectively.

These differences in the effectiveness and variability of the two

methods are undoubtedly related to the larger size and more complex con

struction of the oneida net, but the exact causes of the differences are

uncertain. One possibility is that the oneida net, with its larger size,

wing nets, and ceiling and floor netting, covered more area and diverted

the fish into the trap more efficiently than the framenet. Another

possibility is that the addition of another web funnel leading into the

central bag of the oneida net made it more difficult for the fish to

escape once they were inside the net. However, studies have shown that

bluegills can swim in and out of a framenet freely (Hansen, 1944) so the

addition of one more funnel should not make a great deal of difference

to every species. If most fish can leave the trap at will, then the

larger holding area of the oneida net may also be partially responsible

for increasing CPTJE by increasing the number of fish which can stay in

the trap without becoming crowded.
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Electrofishing Variations

A.C. vs. D.C.

Although much research has been done on electrofishing boat designs

and a number of authors have compared the effectiveness of alternating

current (A.C.) and direct current (D.C.) electrofishing (Frankenberger,

1960; Novotony and Priegel, 1974; Vincent, 1971), there still seems to

be some confusion over the two methods. A.C. electrofishing is the most

commonly used type. Its major advantage over D.C. is that it gives the

greatest effective sampling area for a given power or voltage. This is

important in clear, shallow, or cover—free areas where the fish are

frightened easily by the electrofishing boat and must be stunned before

they can escape. It is also useful for very fast swimming fishes such

as northern pike and muskellunge which may pass through small electrical

fields without being completely stunned. Unfortunately, high turbidity or

large amounts of cover severely restrict the effectiveness of A.C. because

they make the stunned fish difficult to see and capture.

D.C. electrofishing gear samples a smaller area than A.C. for a given

generator output, so it is less effective in large clear water systems,

but it has the advantage of causing a forced swimming reaction toward the

negative electrode in fish (galvanotaxis). This makes D.C. effective in

turbid water or dense cover because it can draw the fish to the surface

where they can be seen and captured.

Both A.C. and D.C. electrofishing were used at the Susquehanna site,

but no direct comparisons of efficiency or variability could be made

because the two techniques were not used concurrently. Indirect comparisons

of CPUE between A.C. and D.C. were also thwarted because of large year—to—
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year fluctuations and a lack of correlation between electrofishing CPUE

and other methods such as trapnetting or seining. However, indirect

comparisons of variation between A.C. and D.C. electrofishing were made

by comparing the average yearly coefficients of variation for the two

techniques. Because the two methods were used at different times, the

annual values for three years were averaged for each method so that un

usual occurrences such as low water or high temperatures during a single

year would not affect the results (A.C. 1972—74, D.C. 1975—77).

As table 4 demonstrates, D.C. electrofishing was consistently less

variable than A.C. for all five species in the turbid Susquehanna River.

The decreases in the coefficients of variation occurred during both day

and night sampling and ranged from 4% for nighttime carp samples to 46%

for daytime white crappies. The average decrease in the coefficient of

variation was about 28% for both day and night, with walleye, white

crappie, and channel catfish having the greatest reductions.

Assuming that the fish populations sampled by the two methods are

similar, this information is enough to recommend the use of D.C. instead

of A.C. for monitoring turbid rivers such as the Susquehanna and

Mississippi.

Day vs. Night Sampling

With the evidence for increased fish movements during the night

(Bailey and Harrison, 1948; Hansen, 1951; Morgan, 1954) and life history

information on fish such as chatmel catfish and walleye indicating move—

meats from deep water to shal1u~ water at night (Carlander a~id Clearly,

1949; Davis, 1959), it seems reasonable that night electrofishing would

be more effective than daytime sampling because the fish would be more
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available to the gear. In addition, fish in the shallows are probably

frightened less easily by the boat in the dark than they are during day

light so that fewer fish flee before they encounter the electric field

and are stunned. These hypotheses were investigated at Susquehanna where

day and night sampling were conducted concurrently from 1974 to 1977.

The results, which are compiled in table 5, indicate that night

shocking is at least as effective as day shocking for all five species,

and that it is much more effective and less variable than day shocking

for walleye, channel catfish, and bluegill. These increases in efficiency

(annual CPUE) over daytime values ranged up to 2.9 times for bluegill,

3.5 times for channel catfish, and 13.0 times for walleye. At the same

time, the annual average coefficients of variation for the three species

decreased by as much as 18% for bluegill, 32% for channel catfish and 41%

for walleye.

Carp and white crappie results were inconsistent, exhibiting no

trends in either CPUE or variability between day and night electrofishing.

Carlander (1953) found the same lack of diel differences for carp and

white crappie using gillnets, so it seems unlikely that there is an

advantage or disadvantage to sampling for these species at night.

Although the monthly CPUE trends for daytime and nighttime electro—

fishing may not correspond well (fig. 4, 5), the annual trends generally

follow each other for all five species. This indicates that either

sampling period can be used for monitoring the fish populations. However,

the increases in effectiveness and the decreases in variability observed

during night sampling for three of the five species in this study strongly

encourage the use of nighttime sampling in future monitoring programs.
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Seasonal Fluctuations in CPUE

Most fishes exhibit some type of seasonal variation of CPUE in re

sponse to their yearly spawning cycles or environmental variables such as

temperature or water level. These fluctuations may reflect real popula

tion changes which occur from migration or mortality. They may also be

apparent population changes caused by changes in the catchability of the

species. These can occur because behavioral factors such as periods of

spawning, intensive feeding activity, or movements from deep to shallow

water alter the effectiveness of the various gears. They are also caused

by the growth of the fishes as they first become catchable to a gear

and then become large enough to avoid it. Apparent population changes

can also be produced by variations in environmental parameters such as

water level, velocity, or turbidity because they affect the accessibility

of the gears to the fish and alter catchability.

Regardless of the cause of the CPUE variations, a number of studies

have shown these annual cycles to be consistent for various species in

specific locations (Hansen, 1953; Kelly, 1953; Morgan, 1951; Morgan, 1954;

Muncy, 1957; Scott and Crossman, 1973). If this is true, then comparing

two yearly CPUEs may give unrealistic results if the samples were taken

at different times of the year. It also suggests that sampling over an

entire year may be unnecessary because a single season of sampling may

give an adequate indication of yearly abundance if the samples are taken

at the same time each year.

Although there were obvious differences between months, the adult

fish sampling methods (electrofishing and trapnetting) showed no con

sistent seasonal fluctuations in CPUE for any species at any of the three
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sites in this study. Some species, such as bluegill and white crappie,

did seem to have definite peaks of abundance in most years, but as

figures 6 and 7 show, the timing and shape of the yearly curves varied

a great deal from year to year so that no single sampling period could

accurately represent the abundance of the species. This more or less

mandates that adult fish sampling be conducted as many times and over as

many months as possible in order to truly represent the yearly populations.

However, the possibility of consistent yearly CPUE cycles at other sites

also demands that yearly comparisons be made only with similar months so

that biases are not introduced into the yearly values.

Sampling methods for young of the year fishes (seining and trawling)

showed more consistent yearly cycles for many of the species; however,

there was still enough variability that sampling only one or two months

would not be sufficient to determine yearly population trends (fig. 8).

Therefore, sampling the young of the year fishes throughout the time

they are present (approximately May through October) would be recommended.

Unfortunately, even this type of sampling may misrepresent the

yearly abundance of young fishes if there are large fluctuations in the

growth rate between years, because catchability for seines and trawls

decreases as the fish become large enough to avoid the gears. In years

with slow growth rates, the gears may take fish efficiently until sampling

is concluded for the year, but in years with faster growth the fish may

become large enough to avoid the net, thus giving a lower CPUE and indi

cating a smaller population than is actually present. To avoid this

problem and reduce variations in apparent population size caused by

different growth rates, a ‘estopping rule” should be developed so that
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seine and trawl samples would not be counted in the yearly total averages

for a specific species after a given proportion of that species in the

catch reaches a specified size.

Habitat Groupings

The preference of various fishes for certain substrates, current

velocities, or cover characteristics has been well documented. In a

river, this is translated into a preference for particular types of

habitat, such as shallow weedy slough areas or relatively swift deep

mainstream channels. Within the four major riverine habitats (slough,

side channel, main channel border, and main channel bottom) there may

also be gradients of ~tpreferenc&t as factors such as substrate change

from mud to gravel or rip rap.

The combination of species habitat preferences and the large number

of habitats available to the fish in large rivers generally increases

the difficulty of obtaining a representative index of yearly abundance

for a species because it induces a high degree of patchiness in the

populations. However, the presence of a species specific habitat prefer

ence in fishes also holds a potential for reducing the difficulty and

the amount of effort necessary to obtain representative indexes of yearly

abundance if one can assume that the preference is consistent so that the

proportion of the catch from each habitat type over the total catch for

that species remains constant from year to year. If this is true, then

sampling any one habitat should give an indication of yearly population

trends for any species present as long as the same habitat is sampled

each year. Sampling one habitat should also give less variability than

combining all of the sampling stations in the different habitats.
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No evidence to support these hypotheses was found in this study

because the habitat preferences of each of the five species were extremely

variable and inconsistent within the broad habitat categories which were

used (i.e., slough, side channel, main channel border). This can be

seen in the four examples presented in tables 6 and 7 and figures 9 and

10. Less than 25% of all of the annual averages for samples which could

be broken down into habitat groups exhibited a consistent difference

with the same two habitat types having the greatest and least CPUE for

all years of sampling. An additional 25% of the yearly averages had

one habitat group which was consistently either highest or lowest in

CPUE. The remaining samples had no consistent differences in CPUE be

tween habitat groups, indicating that the proportions of the species in

each habitat changed between years.

This lack of consistent habitat selection within the five species

may have been caused by actual changes in the preference for particular

substrates, current velocities or covers, but it is more likely that

consistent habitat preferences were modified by additional environmental

factors such as river level, temperature, or oxygen. Environmental

variables, specifically river level and turbidity, can also affect the

efficiency of sampling gears in the various habitats differently in

different years, i.e., high water may make electrofishing along the river

channels more difficult but it may make the sloughs more accessible.

This may cause apparent differences in habitat selection rather than

real changes.

Along with the lack of consistent habitat preferences within the

five species, there is a lack of correspondence between the average



23

yearly CPUE trends for all stations (habitats) combined and the average

yearly CPUE trends for the individual habitat groups (tables 6 and 7,

figures 9 and 10). Only about 50% of the samples had habitat groups

where more than half of the groups followed the combined total CPUE trends.

Less than 30% of the samples had all habitat groups corresponding with

the combined trends, but even this is unrealistically high since each of

these samples included only two habitat groupings while the other samples

which did not correspond had up to six groups. The lack of correspondence

of yearly CPUE trends between habitats may be caused by the same factors

that seem to alter habitat selection, but it indicates that sampling a

single habitat will not provide an adequate index of species abundance

for any of the species in this study.

As the two examples in tables 8 and 9 show, the potential for reducing

the coefficients of variation of the sampling methods by using habitat

groups instead of all stations combined was also variable and inconsistent

between methods, sites, and species. Of the approximately 60 yearly sample

points for electrofishing and trapnetting and the 20 points for trawling,

the proportions of the coefficients of variation for all stations combined

which exceeded the range of the coefficients for the individual habitat

groups for that year were 54%, 40%, and 59%, respectively. Many of the

combined coefficients were rather large (up to 1.90 greater than the

individual groups); however, the inconsistencies between years, the need

to sample all of the habitats, and the reduction in sample sizes which

would result from computing each habitat separately would seem to nullify

any advantages there are to analyzing individual habitat groups instead

of combined totals for these methods.
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The seining results are much more consistent, with 88% of the combined

coefficients of variation exceeding the ranges of the individual habitat

groups. Many of these differences are also large, so that there is a

good potential for decreasing the variability of seine results by using

habitat groups instead of combined totals even though the sample sizes for

the individual habitats will be reduced.

Sampling Method — Habitat Interactions

Each fish sampling method is designed for particular habitats such

as shorelines, shallow areas, or midchannel bottoms and there are obvious

problems with applicability and effectiveness if the methods are used in

other areas, i.e., if electrofishing is used out in the middle of a

deep river. There are also differences in the effectiveness of the methods

within the broad habitat categories for which they were designed.

Trapnetting and electrofishing sampled similar habitats, so the

habitat preferences which they detected for the various species should

have been similar. However, the data showed that the relative abundance

of each species in the various habitat groups was unrelated between the

two methods (tables 6 and 7). In three instances (carp at Susquehanna,

bluegill at Prairie Island, and white crappie at Quad Cities) the trapnet

and electrofishing results were consistently opposite, with the habitat

groups with the greatest CPUE for trapnet having the least CPUE for

electrofishing or vice versa.

Even between the frame and oneida nets, which are variations of the

same basic method, the relative efficiency changed between habitats so

that the coarse sand—pebble substrate at Susquehanna consistently pro

duced a higher white crappie CPTJE for the oneida net than for the framenet,
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while the framenet consistently had a larger CPUE than the oneida net over

the fine—coarse sand substrates. The data for the other species was

inconsistent and generally showed no habitat correspondence between the

two methods even though the total monthly CPUE trends corresponded very

well for some of the species, especially bluegill.

These differences, which indicate a high degree of method—habitat

interaction, can be caused by a number of factors such as sampling

efficiency differences caused by habitat, fish behavioral differences

caused by habitat, and sampling differences caused by varying environ

mental factors.

Small changes in the habitat of a sampling site such as the presence

or absence of a submerged brushpile, large rock, or deep hole can change

the efficiency of a sampling method by making it easier or more difficult

to sample. This is especially evident with a seine, which is most

effective in a shallow, barren area, because any snags, large rocks,

unevenness on the river bottom may allow the fish to escape by going

or

under

or around the net. The presence of even minimal cover may also affect

the efficiency of electrofishing in shallow water because it would give

fish frightened by the electrofishing boat a place to hide until they

could be stunned and collected. If there is no cover, the frightened

fish would be more likely to flee the area completely and escape before

they come within range of the electric field.

Differences in habitat may also cause differences in the behavior

of some species. This is a possible explanation for the greater trapnet

catches of bluegills and white crappies in barren habitats than in habi

tats with cover because the fish may actually perceive the nets as cover
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and enter them for protection. Another possibility is that fish in areas

of cover do not move around as much as fish in the open so they are less

vulnerable to capture by the nets than fish in the barren areas.

Environmental variables such as river level, turbidity, and tempera

ture affect the efficiency of all fish sampling methods, but they may

affect each method differently. For example, river level, which is

probably the most important variable in terms of sampling effectiveness,

may cause either increased or decreased seining efficiency by increasing

or decreasing the seinable area at various water levels. Small increases

in river level may not affect trapnets, but they may decrease electro—

shocking efficiency because of increased current and water depth. They

may also increase efficiency by increasing the accessibility of various

areas. Large increases in river level generally decrease the efficiency

of both trapnetting and electrofishing because the fish move up onto

the flood plain where they are inaccessible.

Comparison of Sampling Methods

The ranges of annual CPUE and coefficients of variation for electro—

fishing, trapnetting, trawling, and seining for the five species at

each of the three sites are shown in table 10. As was generally expected,

there were large differences in CPUE and coefficient of variation between

the various sampling methods. However, the differences were variable

and inconsistent so that no sampling method produced the greatest CPUE

nor the smallest coefficient of variation for all species at all sites.

In general, carp, bluegill, and walleye were most vulnerable to electro—

fishing at each of the three sites. Electrofishing also produced the

least variability for these species. Channel catfish, especially young
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of the year fish, were taken most effectively by trawling at both sites

where the method was used. For white crappie, the most effective and

least variable sampling method changed from electrofishing at Susquehanna,

to trawling at Prairie Island, and trapnetting at Quad Cities.

The annual population trends detected for the various species by

the different sampling methods were also inconsistent. There were a few

instances where methods followed each other for short periods for certain

species at a single site, or where one method such as seining or trawling

which collected young of the year fish predicted the following year’s

results for electrofishing or trapnetting which picked up adults, but

these were rare. In general, the annual CPUE trends detected by the

various sampling methods showed very little or no correspondence for any

of the species in the study. Two examples are shown in figures 11 and

12.

The inconsistency of the methods in terms of CPUE, variability, and

population trends suggests that the various methods are obtaining differ—

ent information about the same overall populations. This is not un

expected since, as table 11 indicates, each method has a unique set of

advantages and disadvantages and each method is applicable in different

situations. Because of this, the observed differences may represent

real differences in catchable populations caused by the varying areas

sampled or the size selectivity of each method. They may also be

apparent population differences caused by differing modes of capture or

responses to environmental variables.

Although there do not seem to be consistent population differences

within the habitat category which each method was designed to sample
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(i.e. shorelines, mid—depth, or mid—channel bottom) (see table 11), the

possibility of consistent population differences between the habitats

sampled by the various gears is still great because of the large differ

ences between these habitats. This would create real differences in

the catchable populations available to the sampling methods, especially

for seining and trawling which sample shallow shoreline and mid—channel

bottom areas, respectively. Electrofishing and trapnetting comparisons

should not be affected by this factor because the two methods sample

roughly similar, midwater depth habitats.

Each of the sampling methods examined also exhibited a different

size selectivity so that the catchable populations for each method were

actually different. The Prairie Island data, which is also representative

of the other sites, is given in table 12. In general, the trapnets caught

adult fishes over about 10—15 cm. while electrofishing gear picked up

young fish as well (down to 2 cm.). Seines and trawis also caught fish

over a large size range, but their problems of gear avoidance by adult

fishes generally limited their usefulness to the capture of young of the

year and other small fishes.

Size selectivity may also produce inconsistencies in the yearly CPUE

trends between methods because the fish are recruited by the gears at

different sizes and a successful spawning may yield an increase in CPUE

for a seine or trawl, but it would not affect the trapnet catch during

that year. These discrepancies could be increased if growth rates,

mortality rates, or migrations fluctuate so that, even when the methods

are adjusted for differences in recruitment time, the annual population

changes may not be similar for the different sampling methods.
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Apparent rather than real population differences between the methods

may be caused by the different modes of action of the sampling techniques.

The CPUE of active sampling methods such as electrofishing, seining, and

trawling depends primarily on the catchable populations present. The

catch of passive methods such as trapnetting, in which the fish must swim

into the gear to be caught, also depends in part on the catchable popula—

tions present, but the activity of the fish is equally important because

it is an index of how likely the fish are to encounter the nets (Moyle,

1950). This can create inconsistencies between the results of various

methods as activity (and therefore catch) fluctuates in response to

spawning behavior, water level, or temperature. A large portion of the

differences between the electrofishing and trapnetting results might be

explained by this factor.

Fluctuations in environmental variables such as river level, turbidity,

and temperature can also create inconsistencies between methods because

the sampling methods respond differently. These factors were discussed

in the previous section on sampling method—habitat interactions.
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CONCLUSIONS

Through the analysis of three riverine fish monitoring programs, a

number of factors have come to light which can aid in developing or

evaluating fish sampling programs. Among these, the most surprising,

but also one of the most solidly supported findings, is that seasonal

fluctuations in CPUE, although present, are not consistent enough to

allow sampling during a single month or season to give an accurate index

of yearly abundance for any of the species which were considered. This

mandates a year—round sampling program and encourages frequent sampling.

Within the broad habitat categories sampled by each method, habitat

preferences for the various species were also inconsistent between years

so that no single habitat type could be used to obtain realistic indexes

of annual population abundance. At the same time, sampling stations

could not be changed indiscriminately between years because there were

marked differences between habitats in many cases, and including or de—

leting a sampling station would significantly alter the results. Evidence

for decreased sampling variability by grouping the sampling stations by

habitat was both inconclusive and contradictory, so that combining all

sampling stations, regardless of habitat, is recommended to increase the

sample size for each method.

Since the population trends detected by the four fish sampling tech

niques were all inconsistent between sites and/or species and the actual

populations were unknown, it is uncertain which of the sampling methods,

if any, detected the correct population fluctuations. However, in these

systems electrofishing seemed to be the most satisfactory sampling method
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because it generally provided an adequate CPUE and a low variance for all

species except channel catfish. Electrofishing also collected the best

size distribution of any technique, capturing both small young of the year

and large adult fishes. Although most of the sampling in these studies

was done with A.C. equipment during the day, there are strong indications

that the effectiveness can be further increased and the variability de

creased by using properly designed D.C. electrofishing gear and by sampling

at night.

Trawling was also a useful technique where it could be applied, be

cause it sampled a habitat which was inaccessible to electrofishing.

Trawling also sampled the small young of the year fishes, so it should be

able to detect significant population changes sooner than the adult

sampling methods. Unfortunately, the applicability of this method is

greatly limited by the need for relatively smooth unobstructed river

bottoms so it cannot be used at many sites~

Seining also captures young of the year fishes, but being more or less

qualitative, the technique is not as useful as electrofishing or trawling.

The major difficulty lies in quantifying the effort, because the width

of the haul and its effectiveness change radically with river level. The

length of a seine haul also varies from sample to sample in many programs.

In addition to the quantitative problems, the seine samples in these

three studies also exhibited a generally low CPUE and a high variance so

that no population decrease could be proven statistically significant.

Of the four sampling techniques used in these studies, trapnetting

seems to be the least useful in programs of this type. It essentially

samples the same habitat as electrofishing, but it generally has a lower
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TABLE 1. Fish sampling methods, frequencies, and numbers of
stations used in the Susquehanna, Prairie Island,
and Quad Cities monitoring programs.

Prairie Quad
METHOD Susquehanna Island Cities

Electrofishirig A.C. 1972—74 A.C. 1973—77 A.C. 1973—78
1972 — 14 stations up to 50 stations 12 stations

frequency varied 3/year twice/monthly
1973—74 — 10 stations

monthly
D.C. 1975—77

4 stations
monthly

Trapnet Framenet 1972—75 Framenet 1973—77 Wingnet 1971—72
1972 — 26 stations 1973—74 — up to 11 stations

frequency varied 37 stations twice/month
1973 — 5 stations 3/year

monthly 1975—77 — up to
1974 — 4 stations 24 stations

monthly 4 consecutive
1975 — 7 stations sets, 3/year

monthly
All years had 2
consecutive sets

Oneida Net 1972—74
1972 — 5 stations

frequency varied
1973—74 — 4 stations

monthly
All years had 2
consecutive sets

Trawl Otter Trawl 1974—77 Otter Trawl 1971—78
4 stations 3 stations
3/year twice/month

Seine Common Seine 1972—73 Bag Seine 1974—77 Common Seine 197l—7
11 stations up to 18 stations 6 stations
monthly 3/year twice/month

Bag Seine 1974—77
4 stations
monthly
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TABLE 2. Checklist of common fishes at two or more sampling sites.
A = abundant, P present, R = rare

Quad Prairie
SPECIES Susquehanna Cities Island

LEPISOSTEIDAE

Lepisosteus osseus Longnose gar P P
L. platostorm~s — Shortnose gar P P

CLUPC IDAE

Dorocorna cepedianwn Gizzard shad A

ESOSCIDAE

Esox lucius — Northern pike P P P

CYPRINIDAE

Cyprinus carpio Carp A A A
Hybopsis aestivalis Speckled chub P R
H. storeriana Silver chub A P
Notemigonus crysoleucas Golden shiner P P
Notropis anterinoides Emerald shiner A A
N. blennins River shiner A P
N. hudsonins Spottail shiner A P A
N. spilopterus Spotf in shiner A A A
Pimephales notatus Bluntnose minnow P P P
P. vigilax Bullhead minnow P P

CATO STOMIDAE

Carpoides carpio — River carpsucker A P
C. cyprinus — Quillback A P P
Catostomus coinmersoni — White sucker A P P
Hypentelium nigricans — Northern hogsucker P R
Ictiobus bubalus — Smailmouth buffalo P P
I. cyprinellus — Largemouth buffalo A P
Minytrema melanops — Spotted sucker P P
Moxostoma anisuras — Silver redhorse P P
M. macro lepidotum — Shorthead redhorse A A A
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Table 2 — Continued

Quad Prairie
SPECIES Susquehanna Cities Island

ICTALURIDAE

Ictczlurus me2tas - Black bullhead P P
I. ncztalis — Yellow bullhead P P P
I. nebulcsus - Brown bullhead A P
I. punctatus - Channel catfish P A A
Pylodictis olivaris — Flathead catfish P P

PER CTCHTNYTT)AE

Morone crysop’s — White bass P A

CENTRARCHIDAE

Amboplites rupestris — Rock bass P P P
Lepomis cyanellus - Green sunfish P P P
L. gibbosus — Pumpkinseed P P P
L. macrochirus — Bluegill A A A
Micropterus dolornicui — Smailmouth bass P P
M. saZ-moides — Largernouth bass A P P
Pomozis annularis — White crappie A A P
P. riigromaculatus — Black crappie A P A

PERC IDAE

Etheostoma nigrum - Johnny darter P P
Perca flavescens — Yellow perch P P P
Percina caprodes — Logperch P P
Stizostedion canadense — Sauger P P
S. v-ttreum — Walleye A P P

SCIAENLDAE

Aplodinotus grunniens — Freshwater drum A A



661—cL

96Z—TZT

c91—

—Zi1

6~T—601

AD

96T—60

0911—iZ.

~TL—

9L1—

0ZC—L~7

~flJD

—8~T

~LZ—9cT

8ZZ—L~T

—cgz

cLi—

AD

cT—to.

9z~—91

~6T—L~7

9000•

—it.

9L~Tt~M

~Tdd~D~TqM

TTT~3nT~

qsT~1~3T~’-”-’~43

~j’I~PT~O~9u~ur~t,a

~7L—ZL6T‘~uu~1~nbsng~s~u~pTeuopu~s~u~ur~a~.to;
UO~J~J0~U~TDI~9O3PUE~flJ~I~9~~J0S9~U~J~

o~



L6991c~T61z

99T06109T86Z~tdd~t~~tu~

LLT6cTcFz

Lczcc~r9Uz~

EOTL0Tcoi

DVDV

(LL—cL6T—Da
‘~‘L—~L6T—DV)~~~

~uu~pnbsn~~~uT4ST;OJ~Dt~DuIpue~3~T
~~IrrTdur~sT~q~tupue~p~pioj
UOT~T.~WAJ0~U~TDT~J~ODI~J~~~~T~IVI



‘LL6T—~iL6T‘EUurn~3flbSnS
~~UTqSTJOJ~D9~9~4~jUpu~~pi0jUOT~TI~A

JO~U~TDTJJ9ODpUU~flJ~jk~1~aL~~UT~U~Jç~‘~ij,

~17

99T—£6~Tc~—ZZ’TZ81—c~T17L1—60

06T—991izc—0000Z—091cE~7—

LLT—TET60Z—91’C6’T—6c’TZ~T—TI’TTT~T1T~

9L’Z—cc’iO~’—co’06’Z—L~’ZLU’—004STJ~3~9UU~T~3

L~’T-L9’9T~-9E’Tc’T—c9’E9’z-cc’

A’D3fl~DA’~~fl~D



T
a

b
le

6
.

A
ve

ra
g

e
y
e

a
rl
y

b
lu

e
g

il
l

C
PU

E
fo

r
e

le
c
tr

o
fi
s
h

in
g

(1
5

m
m

.
ru

n
)

an
d

tr
a

p
n

e
tt

in
g

(2
4

h
r.

s
e

t)
fr

o
m

fi
v
e

h
a

b
it
a

ts
a

t
P

ra
ir
ie

Is
la

n
d

19
73

T
ra

p
.

E
le

c
tr

o

19
74

T
ra

p
.

E
le

c
tr

o

19
75

T
ra

p
.

E
le

c
tr

o

19
76

T
ra

p
.

E
le

c
tr

o

19
77

T
ra

p
.

E
le

c
tr

o

A
ll

s
ta

ti
o

n
s

co
m

b
in

e
d

.3
4

2
.7

1
.5

8
7

.4
3

.2
9

2
.6

0
.4

3
3

.5
0

4
.3

6
6

.1
0

S
lo

u
g

h
(N

o
rt

h
la

k
e

)
.4

5
1

.5
0

.4
0

2
.0

3
.3

8
3

.0
6

.2
8

2
.4

6
.2

4
3

.7
4

R
iv

e
r—

la
ke

.0
0

.2
5

1
.2

2
.6

6
.2

7
.4

4
.2

7
.7

3
.7

2
3

.6
1

M
a

in
ch

a
n

n
e

l
—

s
il
t,

sa
n

d
.6

3
.0

0
1

.2
7

.5
1

.2
9

.1
5

.7
3

.3
4

6
.1

1
1

.3
3

M
a

in
c
h

a
n

n
e

l
—

ri
p

ra
p

.2
5

.6
0

5
.0

2
.1

3
1

.6
7

.2
2

1
.9

8
2

.0
0

1
.6

7

T
a

il
w

a
te

rs
.5

8
8

.8
3

.0
0

2
8

.0
0

.1
9

1
0

.6
0

.0
8

1
6

.3
0

.0
0

2
7

.3
0

4:,



T
a

b
le

7
.

A
v
e

ra
g

e
y
e

a
rl
y
w

a
lle

y
e

C
PU

E
fo

r
e

le
c
tr

o
fi
s
h

in
g

(1
5

m
m

.
ru

n
)

an
d

tr
a

p
n

e
tt

in
g

(2
4

h
r.

s
e

t)
fr

o
m

fi
v
e

h
a

b
it
a

ts
a

t
P

ra
ir
ie

Is
la

n
d

19
73

T
ra

p
.

E
le

c
tr

o

19
74

T
ra

p
.

E
le

c
tr

o

19
75

T
ra

p
.

E
le

c
tr

o

19
76

T
ra

p
.

E
le

c
tr

o

19
77

T
ra

p
.

E
le

c
tr

o

A
ll

s
ta

ti
o

n
s

co
m

b
in

e
d

.4
7

.4
1

.2
8

.8
6

.1
8

1
.3

8
.4

1
1

.3
5

.3
9

.3
8

S
lo

u
g

h
(N

o
rt

h
L

a
ke

)
.7

0
.3

3
.6

7
.2

7
.2

0
j

.9
0

.5
5

.3
8

.2
2

.1
8

R
iv

e
r—

la
ke

.2
8

.1
3

.2
9

.3
1

.3
8

.6
9

.4
4

.5
5

.4
4

.2
6

M
a

in
ch

a
n

n
e

l
—

s
il
t,

sa
n

d
.0

0
1

.0
0

.1
5

.6
3

.0
4

.9
3

.1
3

[
.7

6
.7

2
.2

3

M
a

in
ch

a
n

n
e

l
—

ri
p

ra
p

.7
0

.0
7

1
.4

0
.1

2
2~

22
.5

6
[3

.3
3

.2
5

1
.2

7

T
a

il
w

a
te

rs
.4

2
.1

7
.5

6
.9

2
.6

0
1

.5
6

[
.5

0
4

.1
1

.4
2

1
.0

0



T
a

b
le

8
.

A
ve

ra
g

e
y
e

a
rl
y

c
o

e
ff

ic
ie

n
ts

o
f

v
a

ri
a

ti
o

n
fo

r
b

lu
e

g
il
l

fr
o

m
e

le
c
tr

o
—

fi
s
h

in
g

an
d

tr
a

p
n

e
tt

in
g

in
fi
v
e

h
a

b
it
a

ts
a

t
P

ra
ir
ie

Is
la

n
d

19
73

19
74

19
75

19
76

19
77

T
ra

p
.

E
le

c
tr

o
T

ra
p

.
E

le
c
tr

o
T

ra
p

.
E

le
c
tr

o
T

ra
p

.
E

le
c
tr

o
T

ra
p

.
E

le
c
tr

o

A
ll

s
ta

ti
o

n
s

2
.1

9
1

.1
2

2
.3

5
2

.4
4

2
.2

3
2

.2
2

2
.7

3
2

.2
1

1
.9

2
2

.3
2

co
m

b
in

e
d

R
an

ge
o

f
in

d
iv

id
u

a
l

1
.4

1
-1

.7
3

.7
5

-1
.1

7
1

.1
0

-2
.2

4
.8

0
-1

,9
2

1
.1

5
-2

.4
9

.3
4

—
1

.9
5

1
.7

3
-2

.9
8

.9
9

-2
.1

5
1

.0
2

-1
.8

5
1

.1
9

-1
.8

7
h

a
b

it
a

t
v
a

lu
e

s

S
lo

u
g

h
(N

o
rt

h
L

a
ke

)
1

.7
3

.9
4

2
.2

4
1

.4
8

1
.9

3
1

.9
5

1
.9

6
1

.5
0

1
.8

5
1

.8
7

R
iv

e
r—

la
ke

—
—

1
.0

0
1

.3
0

1
.9

2
2

.4
9

1
.5

6
2

.9
8

1
.6

0
1

.5
2

1
.7

0

M
a

in
ch

a
n

n
e

l
—

1
.5

1
—

—
1

.1
0

1
.8

4
1

.2
6

1
.9

7
1

.9
5

2
.1

5
1

.0
2

1
.6

5
s
il
t,

sa
n

d

M
a

in
c
h

a
n

n
e

l
—

1
.4

1
1

.7
7

1
.2

5
1

.1
5

.9
1

1
.7

3
1

.0
1

1
.0

6
1

.4
1

ri
p

ra
p

T
a

il
w

a
te

rs
1

.5
7

.7
5

1
.2

4
1

.2
8

.6
3

2
.0

0
.9

9
1

.1
9



T
a

b
le

9
.

A
ve

ra
g

e
y
e

a
rl
y

c
o

e
ff

ic
ie

n
ts

o
f

v
a

ri
a

ti
o

n
fo

r
w

a
lle

y
e

fr
o

m
e

le
c
tr

o
—

fi
s
h

in
g

an
d

tr
a

p
n

e
tt

in
g

in
fi
v
e

h
a

b
it
a

ts
a

t
P

ra
ir
ie

Is
la

n
d

19
73

19
74

19
75

19
76

19
77

T
ra

p
.

E
le

c
tr

o
T

ra
p

.
E

le
c
tr

o
T

ra
p

.
E

le
c
tr

o
T

ra
p

.
E

le
c
tr

o
T

ra
p

.
E

le
c
tr

o

A
ll

s
ta

ti
o

n
s

-
1

.6
6

1
.6

7
2

.0
1

1
.7

9
2

.4
1

1
.4

0
2

.2
5

1
.8

0
1

.9
1

2
.3

5
co

m
b

in
e

d

R
an

ge
o

f
in

d
iv

id
u

a
l

1
.3

9
—

2
.6

4
1

.0
0

—
2

.6
9

1
.3

7
—

2
.2

4
1

.3
6

—
2

.1
6

.8
1

—
2

.5
9

1
.1

1
—

1
.7

0
.8

0
—

1
.7

3
.8

3
—

1
.9

0
1

.4
4

—
2

.0
0

1
.5

4
—

2
..

h
a

b
it
a

t
v
a

lu
e

s

S
lo

u
g

h
(N

o
rt

h
L

a
ke

)
1

.4
1

1
.6

6
1

.3
7

1
.8

4
2

.0
7

1
.3

2
1

.5
4

1
.8

0
2

.0
0

2
.5

5

R
iv

e
r—

la
ke

2
.6

4
2

.3
5

2
.2

0
2

.1
6

2
.5

9
1

.7
0

1
.6

3
1

.9
0

1
.6

5
2

.2
5

M
a

in
c
h

a
n

n
e

l
—

1
.0

0
1

.8
7

2
.0

5
2

.6
5

1
.2

4
1

.3
8

1
.6

3
1

.7
2

2
.3

5
s
il
t,

sa
nd

M
a

in
c
h

a
n

n
e

l
—

1
.3

9
—

—
2

.2
4

1
.3

6
1

.1
5

1
.1

1
1

.7
3

1
.0

4
1

.5
8

1
.5

4
ri
p

ra
p

T
a

il
w

a
te

rs
1

.5
7

2
.6

9
1

.7
3

1
.4

4
.8

1
1

.2
8

1
.4

1
.8

3
1

.4
4

J
1

.6
0



T
A

B
LE

1
~

R
an

ge
o

f
a

v
e

ra
g

e
a

n
n

u
a

l
C

P
U

E
an

d
c
o

e
ff

ic
ie

n
ts

o
f

ia
ri
a

ti
o

n
(i
n

p
a

re
n

th
e

s
e

s
)

fo
r

d
a

y
ti
m

e
e

le
c
tr

o
fi
s
h

in
g

(1
5

n
d

n
,

ru
n

),
tr

a
p

n
e

tt
in

g
(2

4
h

r.
s
e

t)
,

L
ro

w
fl
n

g
(7

m
m

.
to

w
),

an
d

s
e

in
in

g
(I

h
a

u
l)

a
t

S
u

sq
u

e
h

a
n

n
a

,
P

ra
ir
ie

Is
la

n
d

,
an

d
Q

ua
d

C
it
ie

s

T
ra

p
n

e
t

P
.’
.

Q
ua

d

C
a

rp

C
ha

nn
el

C
a

tf
is

h

11
1
u

e
g

il
I

S
u

n
f
ja

b

W
hi

te
C

rn
p

p
in

W
a

Il
e

ye

S
us

q.

2.
41

—
5.

09
(.

89
—

1.
57

)

.0
0—

.0
6

(2
.2

4—
2.

90
)

.6
7—

1.
82

(1
.6

4—
2.

43
)

.0
0—

4.
41

(1
.5

6
—

3
.6

4
)

.0
9—

.6
8

(1
.6

5—
2.

82
)

E
le

c
t
ro

f
is

h
in

g

P
.’
.

3
.

75
—

7.
72

(.7
2—

.9
4

)

.0
0—

.8
7

(2
.9

4—
3.

79
)

2
.5

9
—

7
.4

3
(1

.1
2—

2.
44

)

.0
4—

.6
9

(1
.5

5—
4.

68
)

.3
8—

1.
38

(1
.4

0—
2.

35
)

S
u

sq
.

Q
ua

d

1
.8

0
—

4
.3

5
(.

8
7

—
1

,6
9

)

.3
2—

.9
1

(2
.3

8—
3.

73
)

.4
8

—
4

.8
1

(1
.7

4
—

2
.3

4
)

.1
5—

1.
79

(1
.3

8
—

3
.8

8
)

.0
9—

.8
2

(1
.5

7
—

3
.0

1
)

S
u

sq
.

S
u

sq
.

.1
0—

.4
1

(2
.2

4
—

2
.7

5
)

.0
0—

.3
3

(2
.

4
8—

3.
1

0
)

.4
7—

4.
46

(1
.5

1
—

2
.

2
8

)

.1
6

—
3

.6
1

(1
.1

8—
2.

73
)

.0
0—

.1
5

(1
.8

8
—

3
.6

1
)

3
.4

4
—

6
.0

4
(.

8
0

—
1

.1
2

)

.0
6—

.2
4

(2
.1

6
—

6
.2

5
)

29
—

4.
36

(1
.9

2
—

2
.7

3
)

.1
2

—
7

.5
3

(1
.5

4—
3.

14
)

.1
8—

.4
7

(1
.6

6
—

2
.4

1
)

Q
ua

d

.0
4—

.0
6

(2
.9

3
—

3
.0

1
)

.0
4—

.0
9

(3
.

4
3—

3.
6

2
)

.2
2—

.3
1

(3
.0

7
—

3
.3

8
)

1
.7

4
—

2
.2

7
(1

.3
4

—
1

.7
7

)

.0
0

(
-
-
-
)

.0
0—

.1
1

(3
.3

2
)

.0
0

.6
4—

4.
57

(1
.2

6—
2.

59
)

.0
0—

.2
2

(2
.

(1
0—

3.
32

)

.0
0

(
-
-
-
)

S
e

in
e

P
.1

.
Q

ua
d

.1
3—

.3
2

.0
0—

.3
0

(2
.3

7—
3.

01
)

(1
.6

3—
2.

84
)

.2
5—

1.
23

.0
0—

1.
36

(2
.5

5—
3.

14
)

(1
.7

6—
2.

76
)

.4
1—

4.
14

.3
7

-5
.5

5
(1

.6
2—

2.
48

)
(1

.6
5—

2.
28

)

.3
7

-2
.0

9
.0

2
-

.7
9

(1
.7

9
-2

.2
1

)
(1

.1
5

-2
.6

5
)

.0
0

-
.4

5
.0

0—
.2

1
(1

.9
0

-2
.5

3
)

(1
.1

4
-2

.4
5

)

T
ra

w
l

P
.1

.

.6
4—

3
.2

4
(1

.0
4

—
1

.8
8

)

.2
5

—
1

1
.9

0
(1

.2
8

—
3

.2
2

)

.0
0—

1.
66

(1
.1

6
—

3
.4

9
)

.3
4—

16
.2

0
(1

.2
0—

1
.7

5
)

.0
4

-
.5

8
(1

.6
5

—
2

.3
0

)

.0
3—

.2
0

2.
80

—
18

.4
0

.0
0

C
--

-)

.0
0

.0
0—

.0
3

—
4



T
a

b
le

1
1

.
S

um
m

ar
y

o
f

ju
v
e

n
il
e

an
d

a
d

u
lt

fi
s
h

s
a

m
p

lin
g

m
et

hD
ds

fo
r

ri
v
e

ri
n

e
s
it
e

s
.

N
e

th
o

d
A

d
va

n
ta

g
e

s
D

is
a

d
va

n
ta

g
e

s
A

p
p

li
c
a

b
il
it
y

A
.C

.
E

le
ct

ro
—

fi
s
h

in
g

G
re

a
te

s
t

ra
n

g
e

fo
r

g
iv

e
n

p
o

w
e

r
(v

o
lt
a

g
e

)
N

o
n

—
d

e
s
tr

u
c
ti
v
e

s
a

m
p

lin
g

D
if
fi
c
u

lt
to

d
ip

st
u

n
n

e
d

fi
s
h

fr
o

m
b

o
tt

o
m

o
r

c
o

v
e

r,
e

s
p

e
c
ia

ll
y

in
tu

rb
id

w
a

te
r

C
au

se
s

m
or

e
ti
s
s
u

e
da

m
ag

e
th

a
n

D
.C

.
S

iz
e

s
e

le
c
ti
v
e

fo
r

la
rg

e
r

fi
s
h

U
s
e

fu
l

fo
r

s
a

m
p

lin
g

m
o

st
a

d
u

lt
fi
s
h

in
w

a
te

r
up

to
6

ft
.

de
ep

a
lt
h

o
u

g
h

tu
rb

id
it
y

an
d

c
o

v
e

r
re

d
u

ce
it
s

e
ff

e
c
ti
v
e

n
e

ss
W

or
ks

w
e

ll
in

s
h

a
llo

w
st

um
p

s
tr

e
w

n
o

r
ro

c
k
y

a
re

a
s

D
.C

.
E

le
ct

ro
—

fi
s
h

in
g

C
au

se
s

fo
rc

e
d

sw
im

m
in

g
(g

a
lv

a
n

o
ta

x
is

)
o

f
fi
s
h

to
w

a
rd

an
od

e
(+

)
so

fi
s
h

ca
n

be
d

ra
w

n
fr

o
m

c
o

v
e

r
o

r
b

o
tt

o
m

b
e

fo
re

th
e

y
a

re
st

u
n

n
e

d

L
e

ss
ra

n
g

e
th

a
n

A
.C

.
In

e
ff

e
c
ti
v
e

in
h

ig
h

ly
c
o

n
d

u
c
ti
v
e

w
a

te
r

S
iz

e
s
e

le
c
ti
v
e

fo
r

la
rg

e
r

fi
s
h

So
m

e
s
p

e
c
ie

s
s
e

le
c
ti
v
it
y

b
y

p
u

ls
e

ra
te

U
s
e

fu
l

fo
r

s
a

m
p

lin
g

m
o

st
a

d
u

lt
fi
s
h

in
w

a
te

r
up

to
a

b
o

u
t

6
ft

.
d

e
e

p
,

e
s
p

e
c
ia

ll
y

in
d

e
n

se
c
o

v
e

r
o

r
h

ig
h

tu
rb

id
it
y

T
ra

p
n

e
t

S
am

pl
es

o
v
e

r
ti
m

e
N

o
n

—
d

e
s
tr

u
c
ti
v
e

C
a

n
n

o
t

be
u

se
d

in
fa

s
t

c
u

rr
e

n
t

C
a

tc
h

d
e

p
e

n
d

s
u

p
o

n
a

c
ti
v
it
y

o
r

m
ov

em
en

t
o

f
fi
s
h

in
a

d
d

it
io

n
to

p
o

p
u

la
ti
o

n
H

ig
h

s
p

e
c
ie

s
s
e

le
c
ti
v
it
y

U
nk

no
w

n
a

re
a

sa
m

p
le

d
C

an
be

tim
e

—
co

n
su

m
in

g
to

s
e

t
an

d
re

m
ov

e
tr

a
p

S
m

a
lle

r
n

e
ts

g
e

n
e

ra
lly

le
s
s

e
ff

e
c
ti
v
e

th
a

n
la

rg
e

r,
m

or
e

c
o

m
p

lic
a

te
d

n
e

ts

S
am

pl
es

m
an

y
s
p

e
c
ie

s
o

f
a

d
u

lt
fi
s
h

e
s

in
w

a
te

r
fr

o
m

3—
10

ft
.

de
ep

in
sl

o
w

to
m

o
d

e
ra

te
c
u

rr
e

n
ts

T
ra

w
l

S
am

pl
es

d
if
fe

re
n

t
h

a
b

it
a

t
th

a
n

o
th

e
r

m
e

th
o

d
s

Q
u

a
n

ti
ta

ti
v
e

te
c
h

n
iq

u
e

—

sa
m

p
le

s
a

kn
ow

n
a

re
a

C
a

n
n

o
t

be
u

se
d

on
m

o
st

s
it
e

s
b

e
ca

u
se

o
f

sn
a

g
s

on
th

e
ri
v
e

r
b

o
tt

o
m

O
b

vi
o

u
s

g
e

a
r

a
vo

id
a

n
ce

by
a

d
u

lt
fi
s
h

e
s

O
ft

e
n

d
e

s
tr

u
c
ti
v
e

s
a

m
p

lin
g

S
am

pl
es

b
e

n
th

ic
fi
s
h

in
a

re
a

s
w

it
h

c
le

a
n

,
u

n
if
o

rm
b

o
tt

o
m

s
P

ri
m

a
ri
ly

us
ed

to
sa

m
p

le
yo

u
n

g
o

f
th

e
y
e

a
r

fi
s
h

e
s



T
a

b
le

1
1

.
(c

o
n

ti
n

u
e

d
)

M
e

th
o

d
A

d
va

n
ta

g
e

s
D

is
a

d
va

n
ta

g
e

s
A

p
p

li
c
a

b
il
it
y

S
e

in
e

S
am

pl
es

s
m

a
lle

r
fi
s
h

w
h

ic
h

L
a

rg
e

g
e

a
r

a
vo

id
a

n
ce

p
ro

b
le

m
s

S
am

pl
es

yo
u

n
g

o
f

th
e

y
e

a
r

e
sc

a
p

e
th

ro
u

g
h

m
es

he
s

o
f

N
ee

d
s
h

a
llo

w
,

sn
a

g
—

fr
e

e
s
a

m
p

lin
g

fi
s
h

e
s

an
d

m
in

no
w

s
a

lo
n

g
o

th
e

r
g

e
a

rs
s
it
e

s
s
h

o
re

lin
e

s
C

an
sa

m
p

le
s
h

a
llo

w
a

re
a

s
an

d
S

a
m

p
lin

g
s
it
e

s
an

d
s
a

m
p

lin
g

s
h

o
re

lin
e

s
w

h
ic

h
a

re
m

ac
—

e
ff

ic
ie

n
c
y

ch
an

ge
w

it
h

w
a

te
r

c
e

s
s
ib

le
to

o
th

e
r

g
e

a
rs

le
v
e

l



.pUwtsI
~~UI~SpU~~‘IU~~UTqsT~O~1~

‘ud~t~Aq~qsçj;o(uIz~UT)S~U~i

oc

ZT~i~vi

9T—~cc—9cL—vcL—~z

9Z—Zog—i

OZ—Z8Z—ZOC—OT

ZT—ZZT—TOL—~7

c9—zOL—~O8—~O~—9T

~UT3ST~’~L~UT1~STJOJ~D9T~~UcI~IJ,

~Tdd~z3~TU~M

4ST~Ufl~TTT~~T~

T~1STJ~DT8UUE!~1D



C
-) rF 0 CD CD C
t.

U
i

R
e

p
lic

a
te

1

R
e

p
lic

a
te

2
—

—
—

—

12
.0

11
.0

10
.0

9
.0 8
.0 7
.0

6
.0

5
.0

4
.0 3
.0

2
.0 1
.0

A

J
M

S
J

M
S

19
72

I / /

19
73

J
M

S
J

19
74

M
S

19
75

F
ig

u
re

1.
M

o
n

th
ly

CP
US

o
f

tw
o

co
n

se
cu

tiv
e

fr
a

m
e

n
e

t
se

ts
fo

r
b

lu
e

g
il
l

s
u

n
fi
s
h

as
S

us
qu

eh
an

na
.



52

40.0

36.0

32.0

28.0

24.0 -

20.0

16.0

12,0 -

8.0

4.0-

2.8

CD

~‘J 2.4

2.2

2.0

1.8

1.6

1.4

1.2

1.0

.8

.6

.4

.2 -

I
/
I F

Replicate 1

Replicate 2

Replicate 3

Replicate 4

I,
/
I,

I
3

i.~I \

J M S M S J M S
1975 1976 1977

Figure 2. Monthly CPUE of four consecutive trapnet sets for
white crappie at Prairie Island.



I’

1
3

.0

1
2

.0

1
1

.0

1
0

.0

9
.0

8
.0

7
.0

6
.0

5
.0

4
.0

3
.0

2
.0

1
.0

C~
~J

c
i () CD L’
J

(J
~ CD

I
i

F
ra

m
e

n
e

t

O
n

e
id

a
n

e
t

I’ I
I

i\
I
I

I
~

i

U
i

U
)

J
M

S
J

M
S

19
72

J
19

73
19

74
M

S
J

tv
i

S
19

75

F
ig

u
re

3.
M

o
n

th
ly

C
PU

E
o

f
tw

o
ty

p
e

s
o

f
tr

a
p

n
e

ts
fo

r
b

lu
e

g
il
l

s
u

n
fi
s
h

a
t

S
u

sq
u

e
h

a
n

n
a

.



A
,C

.
D

.C
.

11
.0

10
.0

9
.0 8
.0 7
.0

6
.0

5
.0

4
.0 3
.0 2
.0

1
.0

ci) C) CD CJ
9

D
ay

N
ig

h
t

—
—

—
—

1
2

.4 II II I
I

II

I
I

II
I
it

I II
I

I
I

I
I

I

II
U

i

‘I I
\

I
i

I
I

j
M

S
J

\
~%

‘,/
\

N
S

J
M

S
S

19
72

19
73

19
74

19
75

19
76

19
77

J
M

J
M

S
J

NI
S

F
ig

u
re

4.
M

o
n

th
ly

CP
UE

fo
r

da
y

an
d

n
ig

h
t

e
le

c
tr

o
fi
s
h

in
g

fo
r

w
a

lle
ye

a
t

S
us

qu
eh

an
na

.



D
.C

.

II

1.
1

1
.0 .9 .8 .7 .6 .5 .4 .3 .2 .1

D
ay

—

N
ig

h
t

—
—

—
—

p 0 -d (J
1

II I’

U
,

U
,

Il Il

19
72

/

J
M

S
J

M
S

J
M

S

19
73

J
M

19
74

S
J

19
75

M
S

19
76

J
M

S
19

77

F
ig

u
re

5.
M

o
n

th
ly

CP
UE

fo
r

da
y

an
d

n
ig

h
t

e
le

c
tr

o
fi
s
h

in
g

fo
r

ch
an

ne
l

c
a

tf
is

h
a

t
S

us
qu

eh
an

na
.



10
.0 2
.0 1
.0

9
.0 8
.0 7
.0

6
.0

5
.0 4
.0 3
.0

p rf C) 0 CJ
]

V

J
J

J
I~

S
M

S
J

M
S

J
M

S
J

M
S

J
M

S
J

M
S

19
71

19
72

19
73

19
74

19
75

19
76

19
77

19
78

F
ig

u
re

6.
S

ea
so

na
l

ch
an

ge
in

e
le

c
tr

o
fi
s
h

in
g

CP
UE

fo
r

b
lu

e
g

il
l

s
u

n
fi
s
h

a
t

Q
ua

d
C

it
ie

s
.



10
.0

9
.0 8
.0

7
.0

C
-) C.
) z~

6
.0

U
i

M
S

j

19
72

M
S

J
M

19
73

19
74

19
75

S

F
ig

u
re

7.
S

ea
so

na
l

ch
an

ge
in

tr
a

p
n

e
tt

in
g

CP
US

fo
r

w
h

ite
cr

a
p

p
ie

a
t

S
us

qu
eh

an
na

.



c~
8.

CD p

14
.0

15
.2

12
.0

10
.0

6
.0

4
.0 2
.0

19
71

19
72

19
73

19
74

19
75

19
76

19
77

F
ig

u
re

8.
S

ea
so

na
l

ch
an

ge
in

se
in

e
CP

UE
fo

r
b

lu
e

g
il
l

a
t

Q
ua

d
C

it
ie

s
.



A
ll

s
ta

ti
o

n
s

co
m

bi
ne

d

M
ai

n
ch

an
ne

l
b

o
rd

e
r

—
—

—
—

—

S
id

e
ch

an
ne

l

S
lo

ug
h

—
—

-

N /
N

/ /

7
.0

6
.0

5
.0

C
)

p

/
,-

.

/
/

—
—

—

19
75

19
76

19
77

19
78

F
ig

u
re

9.
A

ve
ra

ge
y
e

a
rl
y

e
le

c
tr

o
fi
s
h

in
g

CP
UE

fo
r

ca
rp

fr
om

th
re

e
h

a
b

it
a

ts
a

t
Q

ua
d

C
it
ie

s
.



60 /

Figure 10. Average yearly electrofishing CPUE for white crappie from three
habitats at Quad Cities.
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