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breakwater in gill nets were attributed to decreased mobility of fishes near

the structure. River carpstlckers apparently spawned on or near the break-

water, and larval gizzard shad were significantly longer at the breakwater

than they were 60 m to either side of it. Seventy-one percent of the

recaptures of tagged fish were made at the breakwater while only 40% of the

tagged fish were released there. We estimated that production of green algae

on the breakwater was 39.25 to 57.50 g of ash-free weight per square meter

of tire surface (95% C.I.). Mean .net production of periphyton was estimated

to be 2.65 times that of mean net production of phytoplankton. Possible

benefits of the breakwater were attraction of fish, an increase in primary

production, and the formation of a protected wave shadow used by greater

numbers of larval fish and zooplankton.

1. Objective:

To determine the cost and benefits in fingerling largemouth bass pro-

duction from installing various types of artificial structures (barrier reefs)

to provide quiet-water1spa\vuing areas in a large open water reservoir.

II. Background:

The tendency of fishes to frequent or inhabit areas with abundant cover,

or structure, was as well knovffito the prehistoric fisherman as it is to the

present-day angler using sonar-type equipment, and also has been obvious to

scientific investigators. These investigators have examined a wide array of

of natural and art:ificial structures in both freshwater and marine environments

(see Colunga and S~one 1974 and Johnson and Stein 1979). The floating tire

breakwater, however, is a relatively recently designed structure that has not

been previously examined scientifically in terms of its effects on the distribu-

tion .of fishes and other organisms.



Another original aspect of the present study is that an attempt was

made to go beyond the doct~entation of fish dis~ributional patterns. The

only author who examined the dynamics of entire ecological systems operating

in and around artificial structures w~s Prince (1976). Although his work

had a broader scope and was more detailed) we made a sj~i1ar effort in this

study to identify specific reasons for concentrations of fish near the floating

breakwater.

The potential for floating tire brealrnaters in reservoir fishery manage-

ment programs should not be overlooked. Water is becoming an increasingly

valuable resource for power companies, farmers, municipalities, and others,

as well as for recreational anglers. Any new techniques capable of reducing

conflicts over water use, and increasing fish production and angler success

in reservoirs at the same time, could be of significant value to fishery

managers and should be examined closely by those charged with research in

these areas. The use of floating tire breakwaters to concentrate fishes,

and potentially to increase their production in reservoirs) may become an

important management tool of this nature.

Fisheries in man-made reservoirs often suffer from a lack of naturally

submerged structures. Prince and Haughan (1978) listed the following reasons

for this problem:

1. Standing timber is usually cut before inundation in order to prevent

navigational hazards.

2. Timber that remains uncut may quickly decay.

3. Siltation may occur in areas that once contained firm substrates,

resulting in an unstable, mucky bottom often unsuitable for spa~~ing.



growth of aquatic vegetation.

Habitat improvement for fishes can be described as any alteration of the

aquatic environment, using natural or man-made materials, to provide addi-

tional food and/or shelter for fish, especially sport fishes. The structures

used in habitat improvement may also be used for spawning and as visual

reference points for some fishes.

fish quickly after installation. Hubbs (1930) was one of the first to realize

the potential that artificial structures had for concentrating fishes and

worked closely ,yithR. W. Eschmeyer (Hubbs et al. 1933) as he developed a

lake improvement program in Michigan. Their work and ideas led to studies by

Rodeheffer (1939, 1940, and 1945) who actually demonstrated that artificial

structures in Michigan lakes concentrated large numbers of fish.

Another advantage of the use of 'structure for lake habitat improvement

is the low cost of building materials and construction. Prince and Brouha

(1974) found that special interest groups (e.g., anglers, SCUBA divers) and

service organizations (e.g., Kiwanis, Scouts, Rotary) may be willing to

donate construction materials and equipment as well as labor. DeRoche (1973)

emphasized that materials are often obtainable as damaged goods or refuse

items. Blasting rock, while sometimes difficult to handle, can usually be

obtained at 1ittl~ or no cost. He also recommended damaged chimney tile and

ceramic piping as excellent materials for lake habitat improvement. One of

the most popular sources of building material in recent years has been

discarded automobile tires. They are non-toxic in water (T. Lindsey, pers.

comm.) and also strong, flexible, and durable. Since tires are abundant--
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that were fed algae in addition to a maintenance level of animal food showed



white catfish (Ictalurus catus) actually spawned between the sidewalls of

some reef tires. The catfi~;hegzs ';lere, in turn intensively used as food

by some sunfish. All of these findings, in addition to the abundance of

young-of-the-year fishes in Prince's study, support Prince's opinion that

production is actually increased through the use of structures. However, the

number of submerged structures required to significantly increase overall

production in a large reservoir is unkn01m.

Another striking study concerning the occupation of submerged reefs by

fishes was carried out by DeRoche (1973) in a small lake in Maine. Two nylon

lines were placed along opposite shores in three to five meters of water.

SCUBA equipment was used to observe fishes within sight of these lines. Later,

structures consisting of tires, chimney tile, tile pipes, and cement blocks

were placed along one line. SCUBA observations were made periodically for the

next two years. Pre-installation figures ranged from 18 to 24 fish of three

species along both lines. The number quadrupled on one line one day afler

installation of structure, and by the end of the study, five species of fish

along the line with structure had become too numerous to count; only two fish

were sighted along the line without structure.

The effects of angler exploitation on fish populations near artifical

structures are not yet clear. Although no creel survey was carried out in

DeRoche's study, anglers with cottages on the lake claimed that fishing had

improved. Results of angling in an upground reservoir given by Paxton and

Stevenson (1979) offered some support of this claim. rheir catch-per-unit-

effort was consistently higher near a limestone island, or near limestone

reefs with tire structures, than near bare limestone reefs or in open water.

A similar discovery was independently made by Wege and Pnderson (1979), who

found that the time required to catch 40% of their stocked largemouth bass was



significantly less in ponds with structure (tires, stake beds, and brush

piles) than in ponds without structure. Apparently, there is potential for

the overharvest of some species near structures, although it is yet to be

demonstrated in large reservoir systems.

Another form of structure that has been show~ to affect the movements

and behavior of fishes is mid-water floats. Helfman (1979) found that the

densities of fish under wooden mid-water floats was linearly related to size

of the float. He also concluded that the shade produced by the floats was

used by prey fishes to avoid detection by predators. Although primarily

interested in marine species, Ogren (1974) also noted the apparent preference

of prey fishes for mid-water structures (as opposed to non-structure areas).

The last structure to be discussed made use, once again, of discarded

automobile tires and was originally developed entirely outside of the

fisheries field. The Goodyear Tire and Rubber Company, in its search for

ways to dispose of the growing number of scrap tires, developed the idea of

using these tires for shoreline protection mats (Candle and Fischer 1977).

The mat that was develGped consisted of subunits, or modules, made of 18

interconnecting tires (Figure 1). It was relatively portable, could be

built to sink or float, could absorb shock without being destroyed, and was

unlimited in its dimensions of length and width. ffililea primary function

of these mats was to act as a floating breakwater, Goodyear began to recognize

other uses for them such as on-shore beach erosion mats, sand dune stabilizers,

marshland protection mats, river and stream bank erosion mats, and floating

biological reefs (Candle and Fischer 1977).

The majority of work with these shore protection mats appears to have

been conducted on the Rhode Island coast (Hinter 1974) and in Lake Erie

(DeYoung 1977a), alt]lough other projects in the northeast and Mid-west are



underway (Candle and Fischer 1977). \.;raveheight reduction in order to

protect harbor marinas, yacht clubs, and so forth, was the main objective of

the aforementioned break~aters. Outstanding results have come from the use

of these structures in many areas. Dunkirk Harbor on Lake Erie is an excellent

example (DeYoung 1977a). While waiting for the Corps of Engineers to con-

struct a permanent breakwater to protect its harbor from northeasterly storm

waves, the City of Dunkirk accepted a temporary solution in the form of

Goodyear's floating breakwater mat. With the cooperation of Goodyear and

New York Sea Grant, and the donation of money, materials, and labor from

local interested citizens, a breakwater was constructed in 1975. The harbor

became well-known for its protected nature, as was evidenced by an increase

in the amount of boat fuel sold and more requests for "wintering over" slips

in the harbor as opposed to the normal procedure of removing boats to dry

storage. In addition, the potential for accidents was reduced by placing

the breakwater directly above a'navigational hazard. Not surprisingly, the

City of Dunkirk decided to almost double the length of the breakwater in

1976.

The two aspects of Goodyear-type breakwaters that are of most interest

to those studying fisheries in reservoirs located on the plains of middle

America are their abilities to concentrate fish and to attenuate large waves.

The breakwater in Dunkirk Harbor was three modules wide (ca. 8.5 m) and

capable of reducing a one-meter wave by about 75% (DeYoung 1977b). This

quality is import~nt in an area such as Oklahoma where particularly strong

winds during the spawning season can cause serious damage to fish nests in

reservoirs that are ill-protected from the wind (Tarz~ell 1936; Kramer and

Smith 1962; Allen and Romero 1975; and Clady 1976) and played a major role

in the decision to use this type of breakwater in the present study.



Research involving floating tire breakwaters began in Lake Carl Blackwell

in 1975 when 32, 59, and 228 young-of-the-year (YOY) largemouth bass/ha were

collected in areas of the lake designated as wind-swept, intermediate, and

protected, respectively (Summer-felt and Shirley 1975). As a result, wind

e>""posurewas assumed to be a primary factor in YOY distribution. In that year,

three types of floating structures were placed in coves in the reservoir by

the Oklahoma Cooperative Fishery Research Unit (OCFRU) to determine their

effect on production of fingerling largemouth bass (Summerfelt 1976). The

structures included single and double unit pole booms, a fabric curtain, and

single and double row floating tire breakwaters of the Goodyear type. All

were anchored using concrete weights of approximately 40 kg connected to the

breakwaters with 6.3 mm steel cable and unwelded chain. The following

environmental parameters were measured: wave height, wind direction and

velocity, water and air temperatures, suspended solids, water depth, turbidity,

water current, sedimentation rate, and Secchi disc transparency. Fish

samples were collected by shoreline rotenone in the coves on two different

dates. Some results of the study were:

1. Surface current velocity varied in direct proportion to wind

velocity (r = 0.81).

2. Variation in water quality was largely due to individual site

locations.

3. Breakwater structures attenuated surface currents; the largest

reduction (57.1%) was by the single pole boom.

4. The largest percentage reduction in wave height (54.4%) occurred

behind the double row breakwater.

5. Breakw~ter coves, as opposed to coves without -structures, had

water with greater transparencies and lower sedimentation rates.
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70-80%. Other parameters shm.,redmore variation between days and



tinued by the OCYRU (Clady 1978). The samephysical-cheruical measurements

were made with the exception of l.vaterdepth. The same methods were used for

collecting fish, with the addition of gill nets and electrofishing when esti-

mating species diversity. Samples or benthic invertebrates were taken every

six weeks using a variation of the Hester and Dendy (1962)multiple--plate

sampler. Conclusions were:

1. No pronounced effects of the breakwaters on characteristics of

the water, other than wave height reduction, were evident. The

data suggested tha; at most, the breakwaters had slightly enhanced

differences in transparency, turbidity, and sedimentation rate that

exist naturally between lakeward and shoreward areas of coves

(Clady et al. 1980; attached to this report).

2. Attenuation of waves and slight lllprovements in water quality were

apparently not sufficient to increase populations of young large-

mouth bass or diversity of fish and benthic con~unities in modified

coves (Clady et al. 1979, 1980).

Clady (1978) cited three reasons for the apparent lack of breakwater

effect: a) the wave height reduction was not biologically significant, b)

high turbidity secondarily limited year class strength, or c) extreme water

.level fluctuations and associated sampling problems masked any beneficial

effects. As a result, he recommended that a double row tire breakwater be

placed in the deeper exp2rimental cove in an effort to magnify the effects

previously demonstrated.

The doubled breakwater was completed, and data collections were carried

out through the fall of 1979. The results of this phase of research were

strikingly similar to those of the year before (Lanford and Clady 1979). In



spite of the breakwater's added 1ifidthand its continued attenuation of over

65% of wave heights, the improvements in water quality (turbidity, sedimenta-

tion rate, etc.) and largemouth bass densit:i.esremained slight. In response to theSE:

somewhat equivocal results, a decision was made in 1978 to undertake an

additional aspect of the study; In conjunction with the continuing work con-

cerning the breakwater's effects on the physical environment, it seemed

reasonable to examine the possibility that the breakwater was having a sub-

stantial effect on the biological environment as a fish attractor. A myriad

of questions quickly arose, reflecting a void of knowledge in this area.

Studies involving the submerged and mid-water structures cited earlier

encouraged us to examine the floating breakwater frem this point of view.

In the fall of 1978, we began a pilot project designed to determine the

desirable areas of emphasis.

Sampling for the pilot study was, carried out in October and November

of 1978 and included electrofishing, gill netting, and sampling invertebrates

with modified Hester-Dendy samplers. Since the invertebrate samplers were to

be colonized for six weeks between collections, no effort "as made to draw

conclusions from the one sampling period encompassed by this study. Although

only general methods are described below, detailed methods are given by

Lanford (1979; unpublished H.S.).

Electrofishing, carried out on five dates, involved the use of alternating

current emitted from a 220-volt generator. The following transects used for



,
Instead, six vertical panels were placed between the cables, each



2and vertical nets were the same, the vertical nets, with about 54 m of net

in the water should have caught approximately one-half the fish captured in
2with about 109 m of net in the water.



3. E.xamining possible causes for variation in distributional patterns

should these variat.ions become apparent.

4. Evaluating the poterltial for use of these structures in reservoir

fishery management programs.

The study area was located in Brushy Neck Cove on the north side of

Lake Carl Blackwell (Figure 2), a turbid reservoir 12.8 bn west of Stillwater,

Oklahoma. The reservoir was completed in 1938 by the Works Progress

Administration and its long axis is in an east-west direction with the dam

at the east end. Maximum surface area is 1355 ha with a capaci.ty of 6.8 x

107m3 at spillway level. Spillway elevation (287.78 m above mean sea level)

was exceeded during the spring of 1980 for the first time since 1975.

High turibidity of up to 180 Jackson units (Norton 1968) is the result

of ~any factors including high winds on a relatively low, unprotected shore-

line, shallow depth (ca. 10 m, maximum), and a substrate on Permian redbeds

(Johnson 1974). The substrates, as described by Norton (1968) are highly

mobile and consist of fine silt and clays with coarser silts and sands in

the shallower areas. Southerly shores are generally steeper than those of

the north bank.

The test cove was oriented primarily in a north-south direction, exposing

it particularly to the strong southwesterly winds common to the Great Plains

area. There was little structural development along the shoreline since the

area belongs to Oklahoma State University and is used only for grazing cattle.

Some standing timber remained at the upper end of the cove. Aquatic vegetation



(most common), cottom.;rood(Populus delto.ides), frogfruit (~la incisa),

flatsedge (c;:.x.E.~~L!!2sp.), knot 8rass (Paspalum distichum), and black willa,,!

(Salix nigr~).

Water level fluctuations (see Appendix B) caused the volume and area of

'the cove to vary considerably during the study. Since the double breakwater

was completed in August 1978, \.ater levels have varied between a low of 3.7 ill

below spillway level in January 1979 and a high of 0.34 m above spillway level

in June 1980. Figure 3 depicts the cove shoreline at approximately these

two extremes.

In order to meet the first two objectives of this study (i.e., to

document the distribution of macroinvertebrates and fish in the cove), four

types of equipment were used--multiple-plat~ invertebrate samplers, an

electrofishing unit, gill nets, and hoop (or barrel) nets. The specifications

for and use of these pieces of equipment are described below. Procedures for

all sampling involved the use of transects established parallel to and at

various distances from the breakwater. These transects are described in

the "Pilot Study" section of Chapter 1, and are depicted in Figure 3. Unless

otherwise noted, the level of significance for all statistical tests was 0.05.

The samplers were a variation or the multiple-plate sampler described

by Hester and Dendy (1962). These samplers are especially well-suited for



2Total surface area for a completed sampler was 0.165 m .



s
d = - r(ni/n) 10g2 (ni/n)

where n. number of individuals in the ith taxon,
~

n = total number. of individuals collected, and

Percent conrrnunitysimilarity (P ) was calculated according to Brock' (1977)se

Psc
k

0.5 E a-b



The transects used for electrofishing were F2, FI, FO, BO, BI, and B2.

To compensate for the possiLility that electrofishing along one transect mig:'':

affect the catch on adjacent transects, we randomly chose the order in which

transects F2, FI, Bl, and B2 auld be sampled on each date. Since BO and FO

'were especially close to each other, they were the first and last transects

to be sampled, their order being determined by the flip of a coin. The time

required to make a complete trip along the transect and back was recorded along

with the species and total length of each fish captured. Weights of each

fish were usually recorded 1>lhenwind speeds 'Here lower. \-.l1enlarge numbers

of a certain species were captured, a random sample was usually taken by

weighing every fourth or fifth fish. Three electrofishing samples were taken

at night early in the study in order to catch those fish presumed to move

into shallower areas after dark. We did not find the predicted increases

in catch per unit of effort and therefore discontinued night-shocking.

Experimental gill.nets were used to determine the vertical and hori-

zontal distribution of fishes in the cove. Nets were placed at transects

F2, BO, and B2. Three nets were placed on each transect for approximately

24 hours. Each net was approximately 15.2 m long (in order to fit between

anchor cables) and 1.2 m deep, and each was divided into two panels of dif-

ferent mesh sizes. Each net contained one of the following pairs of mesh

sizes (bar lengths): a) 1.9 em and 2.5 cm, b) 3.8 cm and 4.4 em, or c)

5.1 em and 6.4 em. There were a total of nine nets so that all six mesh

sizes were fished at each transect. The order of placement for the three

nets on each transect was randomly chosen. The nets were of the floating

type, so to sample the lower part of the water column, lead line was attached

to the base cord of each net with bulldo~ clips. A coin was tossed to deter-



The hoop nets were 1.5 m long and 1. 0 m in diameter. Five hoops were

incorporated into the 17.5 rom mesh, and the nets were held open with wooden

or metal spreader bars. Inverted funnels were woven into each end and there

were no leads. On each date, one hoop net was set on the bottom at transects

F2, F1, 0, B1, and B2. The nets were set in 2 m of water until June 1980,

when unusually hibh wate~' levels increased depth at the most shore\vard end

of the breakHater to over 3.5 m. For the remainder of the study, the nets

on all transects \Jere set in the same depth of water as the most shoreward end

of the breakwater. Nets were set for approximately 24 hou~s, and information



organisms at each site (Table 3)ivas used to determine the percentage of

community similarity (Psc) between ea<,:h t\vO sites (Table 4). COlJ1.'!lunitiesat

sites Fl and F2 appeared to be the least structur~lly similar (P = 67.56)sc
whereas CO~'!lunities at sites Bl and Fl were most similar (P = 93.69).

sc



Bennett (1970) nttributed incrc.::Jst"_d C'f.-. fl·cl·e·l·l·~l·.es h . I h- - ~ W en nlglt-s ocking to onshore



fish movement after dark. IIowever, it appeared that our pract~ce of electro-

shocking across the cove rather than around its shoreline was a critical

factor since we did not find the predicted increases in catch per unit of

effort.

The numbers of fish of a certain species that were captured per hour

of electrofishing were established for each transect and then converted into

percentages so that relative abundance reflected the species' distribution

(Table 8). The unidentified fish ,·,Jerethe result of a common occurrence:

stunned fish would recover and disappear before they could be identified or

netted. All of the sunfish \,7erecombined in one category for a similar

reason; i.e., some fish that were initially recognized as sunfish would

recover and submerge before further identification was possible. The 160

sunfish captured were categorized as follows: bluegill - 87, unidentified -

38, longear - 32, redear - 1, longear/spotted hybrid - 1, and bluegill/

longear sunfish - 1. (Species are defined by scientific name in Appendix C.)

The percentages of various species in Table 8 are graphically presented in

Figure 5. Gizzard shad, making up approximately 70% of the total catch,

seemed to be most evenly distributed over the transects. Sunfish were

collected only on breabvater transects, and with the exception of one fish

in each case, Mississippi silversides and carp were also collected only on

breakwater transects. All species constituting more than 0.5% of the total

catch were most abundant on one of the breabvater transects.

The mean num~ers of the nine most abundant species captured per hour

of electrofishu1g at various transects were statistically comp3red (Table 9).

With the exceptions of largemouth bass and carp, mean catches of a given

species at one break,vater transect was always signific&ntly higher than at







Each species for which we caught more than 15 fish was analyzed

statistically for differences, between transects, in the IDean catch per gill

net (Table 13). The results were very consistent for fishes caught at the

surface. For all species except river carpsucker, mean catches at transect

BO were significantly lower than the catches at transect F2 or B2. Also,

as expected from Table 10, the mean catch on transect F2 ,,,asusually signifi-

cantly higher than that on transect B2. This was not the case for river

carpsuckers or carp; mean numbers· of both species were statistically similar

at tracsects B2 and F2.

Although catches of fish in bottom-set nets were more variable, the

relationship between mean catches on transects F2 and B2 was similar to that

of fishes taken in surface nets; i.e., the F2 mean was significantly greater

than the B2 mean for all species except river carpsuckers and carp. Another

fairly consistent pattern among catches near the bottom was that the mean

number captured at the break'vater was either significantly less than, or

not significantly different from, the mean number captured on non-breakwater

transects (F2 and B2). This was true for all species except channel catfish

and carp, both of which were significantly more abundant at the breakwater

than on transect B2 or F2.

Condition factors of white crappie, channel catfish, river carpsucker,

and gizzard shad taken by surface nets, which were analyzed as described

previously, varied significantly only for channel catfish (Table 14). For

the catfish, the y-inter~ept of transect B2 was significantly higher, and the

slope was significactly lower, than the corresponding values for transect BO.

Intercept values were the lowest at BO for all species except river carp-

sucker, and slope values were highest on BO with the same exception .

.\-Thenmean lengths of the same four species were tested ,dth analysis of

variance, there were ~o significant differences between transects for channel



81 d.f.), or gizzard s11ad (F = 0.45 with 2 and 57 d.f.). However, lengths of

white crappie differed significantly (F = 2.32 with 2 and 113 d.f.). Further

testing with D~~ demonstrated that crappies at transect B2 were significantly

longer than crappies captured at either F2 or BO (M.S. =°1542.13 with 113 d.f.).

The highest catches of fish in 110 hoop net sets on 22 dates from

August 1979 through August 1980 (Table 15) occurred during May, June, and

July 1980, and lowest catches were made in the fall of 1979 and spring of

1980. Analysis of variance demonstrated that fish were unevenly distributed

over the five transects (F = 314.18 with 4 and 105 d.f.). Individual t-tests

showed that the mean number of fish taken at the breakwater (transect 0)

was significantly greater them at each of the non-breakwoater transects

(F2, Fl, Bl and B2) as follows, acco~ding to the decreasing magnitude of

Each calculation involved 105 degrees of freedom.

Overall, the most abundant species was white crappie (62% of the total

catch), and four species--white crappie, 10ngear sunfish, bluegill, and

gizzard shad--made up almost 97% of all the fish captured in hoop nets

(Table 16). Nine of the sixteen species were taken only rarely (n 23).

Of the species contributing more than 0.5% of the total catch, white crappie,

longear sunfish, and channel catfish were relatively more abundant at the

breakwater (Figur~ 7). Bluegill appeared ~ore frequently at or behind the

breakwater than in front of it. Gizzard shad, river carpsuckers, and fresh-

water drum were relatively more abundant in front of the breakwater.

To more closely examine some of tIlenumerical differences between

transects, parametric t-tcsts were used to compare the mean number of the



four most abundant species (~rappie, longear, bluegill, and shad) taken at

the bre2kwater ~ith the mean at each of the non~breakwater transects

(Table 17). As suggested in Figure 7, the mean number of crappie and longear

sunfish at the b'reakwater was significantly higher than on any other transec[.

For bluegill, ho'....ever, the breakwater catch was not significantly di'fferent

from either of the catches at the two back transects (Bl and B2), although

it was significantly higher than the mean catch on the two front transects

(Fl and F2). Abundance of gizzard shad did not differ significantly between

transect 0 and any other transect, perhaps because 181 of the 187 gizzard

shad were collected on one day.

Regression analysis for the above four species (Table 18) revealed

significant differences in the y-intercepts and slopes of white crappie and

gizzard shad taken at transect 0 compared to the corresponding values for

fish taken on other transects. \Vhite crappie captured at transect Bl had

a significantly lower y-intercept and a sig~ificantly higher slope than

"Ihite crappie captured at transect 0.' Gizzard shad taken at transect B2 had

a significantly higher y-intercept and significantly lower slope than shad

captured at transect O. The lowest y-intercepts for all the species were

found at either transect 0 or Bl, as were the highest slopes.

Analysis of variance revealed that mean lengths of white crappie and

longear sunfish did not differ significantly between transects (t = 0.38

with 535 d.f., and t = 0.23 with 233 d.f., respectively). The results for

bluegill and gizzard shad were essentially the same; analysis of variance

showed that mean lengths did not differ between transects (t = 1.66 with

201 d.f., and t = 1.83 \vith 71 d.f., respectively), but the Duncan's Multiple

Range test indicated subtle differences that might best be described in this

way: bluegill: Bl~ r2_.I~ BO; gizzard shad: BO Fl Bl F? B2.



Because P indices are especially responsive to dominant and semi-
sc

Bl (indicated by P va:ues to be most similar) had percentages of chironomidssc

found to be least similar according to P values (Fl and F2) differed thesc



Mean values of d averaged over the entire study at the breakwater (0) were

not significantl.y different than behind the breakwater eEl and B2), but

significantly higher th~n mean values in front of the breakwater (Fl and F2).

vfuile this ordering of the means probably represents real differences in

dfversity bet\.;eenthe transects,' it also suggests that mean diversity

decreased (slowly at first and more rapidly in front of the breabvater)

from inside the cove to\.;ardits mouth. A decre2se in diversity during the

progression from the littoral to the profundal zone is corr~only observed

(Jonasson 1969; Wetzel 1975) and appears to have occurred in the study area

regardless of the presence of the breab.;ater.

Electrofishing catches suggested that fish were attracted to the break-

Hater. In March 1979, fish were first caught only at the breakwater tran-

sects. Again durin'g rnid-August of 1980, the only fish captured 'Vlereat

breakwater transects. Stress related to factors such as high temperatures

and insufficient food and oxygen supplies may have been reduced in some way

during these months by the food,shade, or cover present at the breakwater.

Catch per unit of effort was significantly higher at either of the two

breakwater transects than on any other transect. Catch per unit of effort

was also significantly higher on transect EO than on transect FO. The

~redominantly southwesterly winds and the attenuation of \laVeS and currents

by the breakwater itself \.;ereundoubtedly instrumental in attracting fish

to transect EO.

Whil~ cover-seeking fishes such as minnows and centrarchids might be

expected to inhabit areas of structure, the significantly higher catches of



river carpsuckers, carp, and white bass at the breakwater are less easily

accounted for. Carp probably vera grazing on the tires, since they were

occasionally seen grazing along the rip-rap of the dam and there was very

little other structure in the vicinity on which to feed. River carpsucker

were caught predominantly from mid-Hay to mid-June, which, coupled with the

reproductively "ripe" condition in ,,,hichwe generally observed these fish,

indicated that the species was concentrated at the breakwater for spawning.

There ,-/ereno apparent reasons for the high incidence of ~-7hitebass, a

normally pelagic species, at the breakwater, except that concentrations of

prey (shad, sunfish, etc.) might have attracted the~.

While length-weight regressions of gizzard shad at transect BO were not

significantly different frOB non-breakwater transects, the regression for

shad at transect FO had a significantly higher y-intercept, and a signifi-

cantly lower slope than the corresponding values for transect BO. Since

higher slopes may accompany better growth rates (Le eren 1951), fish on

transect BO may have been in better condition than fish on transect FO. On

the other hand, the DMR test showed that fish were significantly longer at

both breakwater transects than at non-break'vater transects. Since condition

normally improves with length, condition at both of the breakwater transects

may have been higher compared to non-brealavater transects. The results of

the DHR test may also be more reliable since they include length measurements

only. Lengths were typically easier to measure in the field and more accurate

than weights \vhich are affected more by movements of the boat, wind, and



Because fishes dwelling in open waters are often highly mobile, and because

gill nets are p~rt:icularly selective [or mobile fishes (Lagler 1971; Hamley 1975),
catch per unit of effort in gill nets would be expected to decrease when moving

from the most pelagic area (transect F2) to the most littoral area (transect

B2). Accordingly, gill net catches on transect F2 were significantly higher,

at the surface and on the bottom, than catches at either transect BO and B2.

Gill net catches on the bottom at transect BO were intermediate in value

although catches at transects Bo and B2 were statistically similar to one

another. Surface catches on transect Bo ~,'erealso statistically similar to

those on B2, but the lowest catches per unit of effort occurred on transect

BO rather than transect B2. These relatively low catches on transect BO

(surface and bottonl) may have indirectly resulted from the presence of the

breakwater. Pernaps those fishes occupying or encountering the breakwater

were either less mobile by nature or became less mobile during their time

spent at the breakY18ter, and thus were Jess vulnerable tG gill nets set there.

Exmnination of the species involved also suggests that fish at the

breakwater were less mobile. Those species that were relatively more abundant

on transects B2 and F2 at the surface generally were most abundant on

transect BO at the bottom (Figure 6). The only substantial exception was

river carpsuckers, which were caught at the surface with gill nets and

electrofishing gear only during Hay and June. The number of river carp-

suckers taken at the surface on transect EO was significantly higher than

the number taken on transect F2 and H2. This concentration of carpsuckers

at the. breah,rater ~vas probably a result of spawning activity. For the other

six most abundant species caught ~t the surface, numbers were significantly



There were no signific<int differences in length-weight regressions

between transects for white crappie) river carpsucker, or gizzard shad.

However, the regression for channel catfish collected on transect B2 had a

significantly higher y-intercept and a significantly lower slope than for

catfish from transect Bo, which may indicate faster growth and/or better

condition for channel catfisn nearer the breakwater.
Of total lengths of the four species mentioned above, only those of white

crappie differed significantly between transects. Mean length of

white crappie from transect B2 was significantly greater than on transects

F2 and Bo. However, this was because the five largest crappies taken in

gill nets '(244, 249, 281, 365, and 416 mm) ,,'erecaptured on transect B2.

Significantly more fish were caught in hoop nets at the breakwater

(transect 0) than at any other transect. This pattern was most evident for

white crappie and long~ar sunfish. Bluegill were not more abundant at the

breakwater than behind it. This could have been the result of some addi-

tional cover near transects Bl and B2 in the fonn of a cattle fence that

extended across the transects in a southeast-northwest direction and/or

an increase in cover during high •...'ater levels near these two t!.-ansects.

Gizzard shad appeared to be equally abundant at breakwater and non-breakwater

transects but, since 181 of the 187 gizzard shad caught in hoop nets during

the study were ta~:enon nne date, these results are inconclusive.

Length-weight equations for longear sunfish and bluegill caught at

transect 0 were similar to those for fish captured on all other transects.

This was not true foi either gizzard shad or white crappie, however. The



B2 compared to transect 0 sugg'2sts that.:siiad grew faster at the breakwater.

Length-weight regressions for shad taken at transect 0 were similar to those

for shad caught on the remaining tran~ects (Bl, Fl, F2). The equation for

white crappie captured on transect Bl had a significantly higher y-intercept

and a lower slope than corre~ponding values for white crappie captured on

transect O. This suggests that conditiens for growth were better for white

crappie at transect Bl.

Of the nine analyses of regression equations (electrofishing--one species,

gill nets--four species, and hoop nets---four species) six showed lowest

y-intercepts and highest slopes on transects BO (or 0). Since Leeren (1951)

discovered that, for a given group of fishes, slopes did not appear to change

throughout the seasons, slopes are particularly useful in a study such as

this in which data were not analyzed seasonally. The higher slopes for fish

living at the breahmter, although all were not statistically greater, sug-

gests that fish grew faster and were in better condition near the breakwater.

Results from the first year's work indicated an attraction of fish to

the breakwater area. Our data, and the findin3s of other researchers, led

us to believe th2.tthe distributional patterns we had documented were the

result of one or more of the following:

1. The limited amount. of unden\later struct.ure in the lake increased

the appeal (t.osome fishes) of areas that could be used for cover

(Helfman 1979).



2. The breakv.'aterwas acceptable to some fish species as a spawning

site (Prince and H:.1llghan1979).

3. Fish were drawn to the breakwater by concentrations of fishfood

organi9ms (Pardue and Nielsen 1979).

Hhile we continued our fish distribution work on an abbreviated schedule,

our second year (1980) also included several smaller projects designed to

achieve the third objective: to examine possible causes for variation in

distributional patterns should these variations become apparent. These pro-

jects included a fish tagging experiment, distributional analyses of larval

fishes and zooplankton, and an examination of periphyton productivity ocurring

on the breakwater. These preliminary projects were carried out to help us

better understand the general ecological dynamics of the breakwater area in

terms of fish attraction. Unless otherwise noted, the level of significance

for all statistical tests was 0.05.

Consecutively numbered fingerling tags (Floy Manufacturing Company,

Seattle, WA) were mainly applied to white crappie and t\vOspecies of sunfish. The

small average size of these species (chosen for their abundance in hoop net

and electrofishing catches) dictated the use of this small tag (4.76 x

3.18 n@). Each tag was pre-threaded through a sewing needle with vinyl

thread which offered a good margin of elasticity.

A total of 268 tags were used in the experiment from 4 April to

5 August 1980. Each tag was attached by passing the needle and thread

bet\o,leenany two of the last £ive dorsal pterygiophores and tying a knot,



st"i'atE::d in fiburc 8. Three tag cxpe.riments to test for mortality and tag
':l

loss were carried out using a l-m- plastic cage as a holding area:



3.l4(N)2
V :: 4 X

D x R
999,999

3volume filtered, m
N ::net diameter, m (0.5 m)
D ::difference in flowmeter counts (final minus initial),

and R - rotor constant (26,873).



VT
D = SW

density (number of organisms per liter),
volume of the sample, ml,

T = total number of organisms examined,
S = number of subsamples examined,

and ,,, volume of water filtered, ~ (48.75 ~*).



2Sixty tire piecps, measuring approximately 441 cm each, were obtained by



A=D +D -A
f c. f+c

dDT weight of the filter and its contents, g,
dry weight of the crucible and its contents, g,
weight or the crucible, filters, and remaining contents
after ashing, g.

Disyolved oxygen. Six plexiglass boxes measuring 30.50 x 30.50 x 15.25 cm

D
f
=

D :=
c

A =H·c.



The lid viaS held in place with a 3.175 lIun all-thread rod passing through a

45 em long section of angle alumim.ullunder the box, the box itself, the lid

gasket, the lid, the plywood reinforcement, and another section of angle

aluminum on the top of the box (Figure 9). All peWlanent seals y.,'eremade with

plexiglass glue and/or silicone rubber, and a bead of the latter was placed

along the four edges of the box that met the lid. Petroleum jelly was used

in the field to insure water tightness on all non-permanent·seals (around

all-thread, washers, silicone bead, etc.). Copper wire loops were placed

in both ends of the lower angle aluminum section so that the boxes could be

suspended between breakwater tires.

Tire pieces were carefully removed from the breakwater and placed in the

boxes, containing surface water, for one-half of the day's photoperiod,

determined by the official times of sunrise and sunset. An initial reading

of dissolved oxygen (DO) was taken at the water's surface to be compared with

final DO values in the boxes at the end of the half-photoperiod. In addition,

two biological oxygen demand (BOD) bottles were filled with surface vTater

(300 ml) and suspended between two breakwater tires. One bottle was com-

pletely covered with black electrical tape, and differences in DO between the

dark and light bottles were used to assess the magnitude of phytoplankton

productivity.

The three experiments designed to study mortality and/or tag loss led to

one basic conclusion: white crappie were adversely affected by some aspect(s)

of the t~gging and holding procedure employed. The results of those three



,
tagged died during the mortality/tag loss experiments.



Larval fish were collected eight times from 22 May through 16 July 1980

(Table 21). The highest den~ities were found on 30 May when cloud cover was

greatest (70%); hOvlever, cloud cover and density were not strongly correlated

and density appeared to be most closely related to season. On 20 June, winds

were from the north'vest, the only exception to prevailing southwesterly

winds. This change in wind direction coincided with a relatively high density

on transect BO.

The highest density on half of the sampling dates ,vas found at the

breakwater (transect BO or FO), and on the other dates at non-breakwater

transects (B2 and F2). The transect with the highest overall mean density

was F2 (2.86 larval fish/m3). primarily as the result of high numbers

collected on 30 ~fay. There was no significant difference in density between

transects (Friedman test, T = 5.25 with 3 d.f.).

gizzard shad (Table 22); on the first five sampling dates, gizzard shad com-

posed over 90% of the catch. White crappie were most abundant on 30 May and

5 June, and sunfish began to make up a large portion of the catch in July.

The numbers in Table 22 represent actual fish rather than densities and should

not, therefore, be used to make comparisons of relative abundance between

on each transect, their mean total:le::gthvIas calculated and ranked ,,.,ithin

dates (Table 7.3). The greatest mean length occurred on a breakwater



transect on four of the five dates, and on transect F2 on the fifth date.

This large mean length at transect F2 occurred on 25 June and was caused by

the capture of many posto-larval fish that had completely undergone metamorpho-

sis. Mean length of larval gizzard shad differed significantly between

transects according to Friedma~'s rank test (T = 9.24 with 3 d.f.).

Zooplankton were collected 12 times, and mean densities were plotted

according to date and transect (Figure 10). The densities on transects 0

and B2 were 'highest on 30 May (223 and 231 plankters/ £) and Imvest on 16

July (20 plankters/£) and 20 June (21 plankters/£), respe~tively. Densities

on transect F2 seemed to fluctuate less drastically; densities were highest

early in the season on 27 Narch (132 plankters!£) and lowest on both 20 June

and 16 July (26 plankters/£). In terms of abundance, there were no con-

sistent differences between transects, although zooplankters were collected

in highest numbers most often behind the breakwater (transect B2). Highest

overall mean density (91 plankters/£) was at transect E/., follov7ed by tran-

sects a (88 plankters/£) and F2 (73 plankters/£). Density did not appear to

be correlated with any of the clbnatic variables (air and water temperature,

cloud cover, and 'vind speed and direction). Large amounts of rainfall in

April and June may have diluted zooplankton densities some,..rhat(see

recorded by transect and date (Table 24) and tested with analysis of variance

using a split-plot randomized block design. This design allowed comparisons

betvleen transects (F2, 0, and B2) and between locations (east, middle, and

west), and also indicated tIle degree of interaction be~ween transects and



Iculated over the 12 saTIpling dates. Trends for eastern and middle regions



2interval for this figure ranged from 1. 7308 g to 2.2710 g per 441 em tire



gyr:i.nids,Here found on only one date, and an unidentified turbelJarian

appeared only in August.

As \-lithash-free weights, the numbers of organisms varied somewhat

within, as well as between, dates. The mean number of invertebrates col-

lected per tire piece (389) was transformed into number of organisms per

square meter (8817). Although a direct comparison cannot be made, the

highest mean density on a Hester-Dendy sa~pler during this study was 259

organisms on 20 July 1980, ,,'hichis equivalent to only 1573 organisms per

square meter.

Dissolved oxygen. Over the four dates on which we tested dissolved

oxygen (DO), we used a total of ten light boxes and ten dark boxes to esti-

mate periphyton productivity. Three boxes of each type were used on the

first three dates, but failure of the generator on the fourth date permitted

measurements from only one light box, one dark box, and the two BOD bottles.

Final DO measurements for each box were subtracted from their corresponding

initial measurement (Table 28). As expected, DO concentration in the light

boxes and BOD bottles usually increased; conversely, DO concentration in

each dark box and BOD bottle decreased.

On a given date, the mean difference between initial and final DO con-

centrations in the light boxes represents net periphyton-plus-phytoplankton

production (for example, 1.10 mgO/t on 11 July). The mean difference between

DO concentrations in dark boxes represents periphyton-plus-phytoplankton

respiration. The difference between net production and respiration represents

gross periphyton-plus-phytoplankton production for that particular day.

Similarly, net production in light nOD bottles and respiration in dark BOD

bottles were used to determine gross phytoplankton production for a particular



· 3causes because untagged and relatively uncrowded crappies (Slm ) also died.

Longear sunfish ,vas the most suitable species for tagging and recapture.
(

In addition to those tagged individuals recovered (Table 20), two (or perhaps



wind occurred on 20 June, when winds were from the north. Relative to other

transects, abundance on transect BO (6.97 fish/m3) was higher than on any



southwesterly winds, then a temporary "pile-up" of larval fish may have

occurred at transect BO when winds shifted to a northerly direction. Relative

':lbundanceof species varied seasonally. Although gizzard shad were ubiquitous,

early spa~ming white crappie appeared before sunfish.

Mean total lengths of gizzard shad were regularly greatest on breakwater

transects (BO or FO) (Table 23). Had a large number of post-larval fish not

been caught at transect F2 on 25 June. mean lengths would have been greatest

at the breakwater on every date. The breakwater may have provided favorable

habitat for the larval fish in tel~S of cover and protection from predators,

food availability, and lowered energy demands for maintaining themselves in

the water column; however, due to their semi-planktonic existence, perhaps

only the larger larval fishes were able to actively maintain themselves in

this area.

In three out of four studies on Canton and Thunderbird reservoirs in

Oklahoma, Mense (1979) found that cladocerans were more abundant than copepods.

Hm.;rever,in the present study, and in a study in Arbuckle and Ham 1 slakes,

Oklahoma (McClintock and Wilhm1977), copepods were more abundant than

cladocerans. Pennack (1953) found that zooplankters were more abundant near

the margins of lakes and rivers, so it is likely that zooplankton density would

decrease when moving from shallower to deeper areas of the lake. Although

significantly lower densities on.the most lakeward transect (F2) support this

generalization. densities at the breakwater (transect 0) and on the most

nearshore transect (B2) ,.;rerenot significantly different from one another.

The break,.....ater may have altered physical and/or biological conditions so that

the zone of higher zooplankton densities was artificall~ extended toward the



,
used in this study were one sixteenth of a standard lS-inch automobile tire

(0.0441 m2 surface area), and a conservative estimate is that there was at



,
The breahvater appears to have had tHO basic impacts. The most dramatic
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Transect
Gear F2 F'l FO BO B1 B2

Electrofishing

Number of fish 38 37 44 155 85 66
Number of species 1 1 4 5 3 2

Gill Net " ..
Number of fish 156 32 162
Number of species 9 5 10



Transect and nurr.berI~ar.~ple~_-_--Date F2 FI 0 BI B2

1979
8 Har. 21(5) 30 (3) 10(4) 54(5) 20(5)
5 Jun. 84(2) 62(4) 86(5) 49 (5) 26(5)

20 Ju1 259(4) 66 (2) 118(5) 105(5) 139 (3)
20 Sep. 105(4) 65(2) 88(5) 91(5) 127(5) .. ~

6 Nov. 14S(5) 49(6) 84(4) SO(5) 86 (If)

1980
2 Jan. 12 (6) 13(3) 5(4) 3 (5) 9(5)
If Har. 23(5) a -11.(5) 27(5) 21(5)--

Total 652 285 418 409 428
Mean 93.1 40.7 59.7 58.4 61.1

~nab1e to recover samplers



Transect, :~umber/sampler, and nercent of transect total_____ ._._._..._. _____ .••__ .____---J_

F? Fl 0 Bl B2
(31- -----(20 (32 (35 (32

Organism samplers) samplers) samplers) samplers) samplers)

Staphylinidae 0.0 0.0 0.0 0.03a 0.0
% 0.0 0.0 0.0 0.05 0.0

Hydridae 0.0 0.0 0.31a 0.0 0.0
% 0.0 0.0 0.50 0.0 0.0

Unid.
Platyhelminthes 0.0 0.0 0.03a 0.0 0.0

% 0.0 0.0 0.05 0.0 0.0

Unid. Isopoda 0.0 0.0 0.0 0.0 0.038-- •

% 0.0 0.0 0.0 0.0 0.06---
Total 84.48 41. 25 62.27 58.55 55.40

BTaxonomic group collected only once during the study.



Chironomidae
%

Psychomyiidae
%

Heptageniidae
%

Talitridae
%

.Hydroptilidae
%

Coenagrionidae
%

Tipu1idae
%

Caenidae
%

Tubificidae
%

Poduridae
%

Sialidae
%.

BaeticJae
%

Chaoboridae
%

Transect,
F2-Oi--

samplers)

32.10
37.55
52.9/+
61. 92

0.06
0.07

0.19
0.23

0.10
0.11

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.03a

0.04

0.03a

0.04

r,' :'::1)e r / s <l>:1D Jer ,
Fl-----_.

(20
samplers)

28.20
68.37

12.85
31.15

0.05
0.12

0.05
0.12

0.05
0.12

0.05
0.12.
0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

an~-p~_!cent of trnnsect tota~o £1 B2
-- (32 - 05-- (32
samplers) samplers) samplers)

32.69
52.49

36.37
62.13

28.75
46.16

21. 06
35.97

0.06
0.10

0.09
0.15

0.22
0.35

0.57
0.97

0.03
0.05

0.03
0.05

0.09
0.15

0.31
0.53

0.03a

0.05
0.0
0.0

0.09
a . IS-

0.0
0.0

0.0
0.0

0.03a

0.05

0.0
o. a .

0.03
0.05

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

25.69
46.36
78.69
51. 77

0.03
0.06

0.28
0.50

0.03
0.06

0.50
0.90

0.0
0.0

0.09
0.17

0.0
0.0

0.03
0.06

0.03
0.06

0.0
0.0



Transect and index
Transect F2 F1 0 Bl B2

F2 67.568 82.68 72.49 88.27
Fl 67.568 84.03 93.69b 77.87

0 82.68 84.03 89.11 93.28
B1 72.49 93.698 89.11 83.52
B2 88.27 77.87 93.28 83.52

~.~
8 similarleast

bmost similar



Table 5. Di.versity indices, by family, of inverte-

brates on Hester-Dendy samplers, 1979-80.
,

Transect and index
Date F2 Pl 0 Bl B2

1979

30 Har. 0.08 0.09 0.00 0.52 0.86

5 Jun. 0.58 0.59 0.67 . 0.82 1.00

20 Ju1. 0.58 0.94 0.99 1.05 1.00

20 SeJ:>. 0.87 0.78 0.89 1.03 0.88

6 Nov. 1.07 1.06 1.20 1.15 1.13 >. A

1980

2 Jan. 0.11 0.17 0.90 0.67 0.73

4 Mar. 0.18 a 0.70 0.21 0.53

Total I 3.47 3.63 5.35 5.45 6.13

Hean 0.50 0.60 0.76 0.79 0.88

asamplers not recovered



Transect and elf
Date F2 Fl FO BO Bl B2

1979
21 Har. 0 0 0 18 0 0
26 l'far. 0 0 18 36 0 0
30 Har. 0 0 32 33 0 0

4 Apr. 12 15 14 30 0 0
9 Apr. 0 22 14 45 34 43

13 Apr. 112 148 51 150 60 170
17 Apr. 10 0 0 8 0 0
23 Apr. 28 30 24 45 27 86
11 May 148 265 148 28 135 250a 61 34 173 420 32 4615 Hay a 11 6 144 119 24 4616 May
22 Hay 14 97 40 78 42 30 -.~~a 11 6 19 43 8 2729 Hay
30 May 13 4 32 72 20 15

4 Jun. 12 7 75 54 0 0
8 Jun. 20 70 236 c:- 70 78..JJ

11 Jun. a 11 17 53 81 16 18
25 Jun'ab 0 6 0 51 0 0
26 Jun. 5 9 40 124 20 22
29 Jun. 5 7 0 20 38 84

3 Jul.b
e c c 23 c c

9 Jul. 40 19 70 9/+ 30 - 9
13 Jul.b 0 Oa 15 101 22 17
19 Jul. 42 185 c 111 c 210

1980
4 May 58 c 63 282 c 45

22 Jul. 0 0 38 72 0 0
6 Aug. 0 16 66 106 24 8
8 Aug. 0 9 c 51 c 12

13 Aug. 0 0 65 81 15 0
15 Aug. 0 0 66 86 0 0
20 Aug. 0 0 32 63 0 0

Total 613 972 1528 2580 617 1216
Hean 20.4 33.5 54.6 83.2 22.8 40.5

8.rime not recorded, average nu~ber of minutes for
each tr:'1nsectu~~2d to c.alcu1ate elf

bNight samples c not sampledTransect



169).1

Transect Relationship Transect t-statistic

BO > FO 4.97
BO > B2 7.75
BO > F1 8.68
Be. > B1 10.36

.. -
BO > F2 11.03
Fa > B2 2.41
Fa > F1 3.58
Fa > B1 5.30
Fa > F2 5.86

~reakwater transects (FO and EO) were
individually cOffiparedto non-breakwater
transects (F2, Fl, Bl, B2) in decreasing
order of the magnitude of their mean value.
The relationship between the two transect
means is described as significantly greater
than (», significantly less than, or not
significantly different (=).



Transect
F2 F1 Fa BO Bl B2 Total

Species c/f % c/f % c/f % c/f % elf % c/f % c/f

Gizzard shad 20.0 18.8 36.0 19.4 28.9 15.6 45.5 24.5 20.1 18.8 35.t 18.9 185.6
Sur-fish 0.0 0.0 0.0 0.0 8.1 35.7 14.6 0.0 0.0 0.0 0.0 0.0 '22.7
Unidentified 2.3 14.6 1.0 6.4 3.6 23.1 5.9 37.9 1.5 919 1.3 8.1 15.6
Red s11iner 0.0 0.0 0.2 1.5 . 4.2 32.1 7.2 54.5 0.6 !~.7 0.9 7.2 13.1
Lan~~~:llouthbass 0.2 2.6 0.4 5.5 3.2 43.4 .2.9 39.8 .0.3 4.3 0.3 4. L~ 7.3
]live; r carpsucker 0.6 12.8 0.6 13.4 2.0 43.6 0.4 9.2 0.3 6.9 0.6 14.1 4.5
i·,1lJJ t e bass 0.6 13.6 0.8 19.2 1.4 32.3 0.8 19.8 0.0 0.0 0.6 15.1 4.2
Carp 0.0 0.0 0.0 0.0 1.8 44.6 1.9 47.6 0.0 0.0 0.3 7.8 4.0
Miss. silversides 0.0 0.0 0.2 6.1 2.4 7').0 0.7 20.9 0.0 0.0 0.0 0.0 3.3
\-l!li ; e crappie 0.2 5.9 0.0 0.0 0.6 18.8 1.8 55.9 0.3 9.6 .0.3 9.8 3.2
Char,nel catfish 0.6 41. 4 0.2 14.5 0.3 21.8 0.0 0.0 0.3 22.3 0.0 0.0 , 1.4
Flo.t.heClcCQtfish 0.0 0.0 . O. a 32.1 0.2 23.9 0.3 44.0 0.0 0.0 0.0 0.0 0.7
Bullhead !!)i.nnow 0.0 0.0 0.2 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
Frcs)l\·mterdrum 0.0 0.0 0.0 0.0 0.2 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
Black bullhead 0.0 0.0 0.0 0.0 0.0 0.0 0.1 100.0 0.0 0.0 0.0 0.0 .0.1
Electro£ishing

time (hours): 5.24 4.98 6.64 7.24 3.23 3.16



Species Transect Relationship Transect d.£. t-statistic

Gizzard EO > B2 157 4.15
shad BO > F1 6.19

BO > B1 9.62
BO > F2 11.06
FO < B2 -2.08
1"0 = F1 -0.02
FO > B1 3.43
1"0 > F2 4.65
BO > FO 6.16

Sunfish BO > (B2,B1,Fl,F2)~ 133 8.63
1"0 > (B2,Bl,Fl,F2) 4.53
BO > FO 4.04

Red shiner BO > B2 71 5.78
BO > Bl 5.95
BO >

~~
6.45

no > 6.57
FO > B2 2.96
FO > Bl 3.18
FO > F~ 3.61
FO > F2 3.72
130 > FO 2.65

Largemouth BO > B2 86 5.77
bass EO > F1 5.86

130 > 131 5.72
BO > F2 5.98
FO > B2 5.49
FO > F1 5.57
FO > B1 5.53
FO > F2 5.69
BO = FO 0.04

River FO > 132 48 4.78
carp sucker FO > FI 5.25

FO > F2 5.27
FO > 131 5.89
BO = B2 -0.58
BO ::: 1'1 -0.11
130 = F2 -0.09
BO - Bl 0.53ro > BO 5.36



~fuite bass FO >
FO >
FO >
FO >
BO ==
BO =
BO >
BO >
FO >

'Carp BO >
BO >

.FO 3>
FO >
BO =

Fl
B2
F2
Bl
Fl
B2
F2
Bl
BO.
B2 b

(F2,Fl,Bl)
B2 b

(F2, Fl, El)
FO
Fl b

(Bl,B2,F2)
Fl

(Bl,B2,F2)b
BO
B1
B2
F2
F1
B1
B2
F2
F1
FO

Mississippi FO >
silvers ides FO >

BO =
BO =
FO >

White crappie BO >
BO >
BO >
BO >
FO =
FO =
FO =
FO >
BO >

ll6 2.28
3.43
4.01
5.49
0.10
1.18
1. 76
3.31
2.26

72 5.24
5.98
3.80
4.54
1.44

22 3.00
3.76
0.69
1.35
2.45

'44 4.47
5.13
5.27
5.55
0.76
1.15
1.29
1. 79
3.85

a.Breakwate~ transects (FO and BO) were individually compared to non-
breab,rater transects (F2, Fl, El, B2) in decreasing order of the
magnitude of their mean value. The relationship between the two
transect means is described as significantly greater than (»,
significantly l~ss tha, «), or not signiiicantly different (=).



Transect and elf
Date F2a BOa B2b

1979

16-17 Hay 20.0 9.0 8.7

23-24 May 8.7 0.3 7.0

6-7 Jun. 9.3 3.3 2.0

14-15 Jun. 10.0 7.5 1.5
> •••

10-11 Ju1. 15.7 0.7 3.5

8--9 Aug. 6.0 0.3 2.7

21-22 Aug. 6.0 3.5 1.0

1980

5-6 Jun. 18.3 3.0 13.0

24-25 Jun. 9.0 15.0 11.0

6-7 Aug. 7.3 1.0 8.0

18-19 Aug. 14.7 0.7 10.3--
Total 125.0 44.3 68.7

Mean 11. 36 4.03 6.24

831 nets set

b29 nets set



Transect and elf
Date F2a BOb B2c

17-18 Hay 7.0 7.7 6.7
22-23 May 5.0 1•• 7 8.3

7-8 Ju"n. 0.5 3.0 3.7
13-14 Jun. 7.5 15.5 3.5

~...
11-12 Jul. 39.0 9.3 10.5

9-10 Aug. 16.3 7.3 8.0
22-23 Aug. 4.7 3.7 3.3
Total 80.0 51.2 44.0
Mean 11.43 7.31 6.28

b20 nets set



Net depth
and

species

ltlhite crappie
Cha!me1 cat[ ish
River carpsucker
Gizzard shad
White bass
Carp
Flathead catfish
Fresh\olaterdrum
Largemo'Jth bass
Bluegill
Blue catfish

bBatte!!::

White crappie
Gizzard shad
Channel catfish
River carpsucker
Carp
}'resln"aterdn.:m
White bass
Flathead catfish
Largemouth bass
Bluegill

10'2
clf %

4.06
3.36
0.81
1. 81
1. 03
0.29
0.03
0.16
0.03
0.00
0.00

2.50
LI~ 11
1. 33
1.00
0.56
0.89
0.39
0.11
0.00
0.00

60.2
52.2
25.6
59.0
70.0
51. 6
16.3
82.5
50.0

0.0
0.0

39.1
65.6
38.5
34.4
28.3
53.3
39.0
40.7

0.0
0.0

Transect
BO

elf ~~

0.68
0.9/\
1. 90
0.19
0.03
0.03
0.13
0.00
0.03
0.00
0.00

.1. 90
1. 05
1. 60
0.75
0.95
0.20
0.35
0.00
0.05
0.05

10.1
1/+.6
60.1

6.2
2.2
5.7

66.3
0.0

50.0
0.0
0.0

27.7
16.8
46.2
25.8
LIB.O
12.0
35.0

0.0
100.0
100.0

B2-CTf----%

2.00
2.14
0.45
1. 07
0.41
0.24
0.03
0.03
0.00
0.03
0.03

2.00
1.10
0.53
1.16
0.47
0.58
0.26
0.16
0.00
0.00

29.7
33.2
14.2
34.8
27.8
lt2.7
17.3
17.5

0.0
100.0
100.0

31. 2
17.6
15.3
39.8
23.7
34.7
26.0
59.3

0.0
0.0

Total
elf

6.74
6.41+
3.16
3.07
1. 47
0.56
0.19
0.19
0.06
0.03
0.03

6.40
6.26
3.ltO
2.9l
1. 98
1. 67
1.00
0.27
0.05
0.05

~umber of nets set on transects F2) BO) and B2 were 31, 31, and 29,
respectively.

bNumber of net,~ set or. transects F2, EO, and B2 1oler-e18, 20, and 19,
reSi)Cctiv21y.



,
Table 13. Results of t-tests comparing the mean number of fish caught per gill net

set at the surface or on the bottom at various transects. Species included are

those for which at least 15 fish were caught.

-_._-
Depth Transect and mean value Statistical

Species location 1"2 BO B2 relationship d.f. t-statistic

¥111itecr.Jppie Surface 3.74 0.63 1.94 BO < F2 30 -5.46
BO < B2 -2.30
F2 > B2 3.16

Bottom 2.80 2.10 2.17 BO < F2 15 -3.50
BO = B2 -0.35
F2 > B2 3.15

Channel catfJ.sh Surface 3.29 0.93 2.02 BO < F2 30 -5.49
BO < B2 -2.~3
F2 > B2 2.95

Bottom 1.1.4 1. 70 0.46 BO > F2 18 1.93
BO > B2 4.28
F2 > B2 2.3/1

River carp sucker Surface 1.33 3.04 0.71 BO > F2 18 3.00
BO > B2 4.09
F2 = B2 1. 09

Bottom 1.17 1.13 1.33 BO = F2 15 -0.67
BO < B2 -3.33
F2 < B2 -2.67



Depth Transect and mean value Statistical
Species location F2 BO B2 relationship d.L t-statistic

Gizzard shad Surface 1.80 0.28 1.16 EO < F2 27 -5.24
BO < B2 -3.03
F2 > 32 2.21

Bottom 33.30 6.90 / 8.60 BO < F2 12 -15.44
EO -.- 132 -0.99
F2 < B2 14.44

v.ihite bass Surface 1.17 0.03 0.42 EO < F2 27 -5.18
EO < 132 -1. 77
F2 > 132 3.41

Bottom 0.80 0.58 . 0.58 EO < 132 9 -2.53
BO B2 0.00
F2 > 132 2.53

Carp Surface 0.40 0.06 0.29 EO < F2 21 -4.86
EO < 132 -3.28
F2 == 132 1.57

Bottom 0.64 1.18 0.48 EO > F2 18 3.18
BO > B2 4.12
F2 - 132 0.94



Depth Transect and mean value Statistical
Species location F2 BO B2 relationship d.f- t-statistic

Freshwater drum Bottom 0.87 0.20 0.58 BO < F2 18 -4.78
BO < B2 -2 ..71
F2 > B2 2.07

IThe statistical relationship between the two transects being tested is described
as significantly greater than (», significantly less than «), or not signifi-
cantly different (=).



,
Table 14. Comparison of regressions of condition on length for the four most

2 Relationship to
Species r Parameter Transect Estimate BO-estimate F-statistic

Channel 0.91 Intercept BO -14.81 Slcatfish B2 -12.48 4.18
(159) F2 -12.92 NS2 2.87

Slope BO 3.54
B2 3.13 S 4.09
F2 3.20 NS 2.88

Gizzard 0.77 Intercept BO -11.74
shad B2 - 6.79 NS 0.01
(fIO) F2 - 9.55 NS 0.00

Slope BO 3.07
B2 2.01 NS 0.01
,~') 2.56 NS 0.001'J-

River 0.52. Intercept BO - 7.49
carpsucker B2 - 5.79 NS 0.13
(84) F2 - 7.63 NS 0.00

Slope BO 2.36
nz 2.09 NS 0.12
F2 2.38 NS 0.00



2 ,Relationship to
Species r Parameter Transect Estimate BO-estimate F-statistic

T..lhit e 0.92 Intercept BO -15.98
crappie B2 -13.32 NS 0.24
(116) F2 -12.19 NS 0.48

Slope BO 3.90
B2 3.35 NS 0.25
F2 3.11 NS 0.50

1S = significant

2NS = non-significant



Table 15. Number of fish caught in hoop nets at

various transects duri~8 1979 and 1980.

Trar.sect and number of f:Lsh-----
Date F2 Fl a Bl B2 Total

1979
2 Aug. 2 2 24 2 3 33

17 Aug. 5 1+ 2 0 2 13
24 Aug. 6 2 5 2 3 18
30 Aug. 0 a 3 5 3 11
13 Sep. a 3 8 4. 1 16
19 Sep. 2 0 8 1 1 12
27 Sep. 1 0 l. 2 6 13

1980
·11Har. 2 ') 3 4 2 14..;

21 11ar. 0 2 4 0 6 12
.27 11a1'. 3 2 8 3 2 18

4 Apr. 2 1 5 0 11 19
23 Nay 18 105 151 136 58 468
29 May 19 7 56 24 39 145

3 Jul. 35 10 31 -II 17 104
16 Jul. 30 10 71 3 28 142
24 Jul. - 4 2 7 49 5 67,27 Jul. 29 47 80 81 60 297
5 Aug. 8 7 17 19 28 79

13 Aug. 1 1 20 2 3 27
19 Aug. 1 7 34 2 8 52
22 Aug. 1 5 73 11 7 97
26 Aug. 12 4 29 17 ...12. 91-

Total 181 224 643 378 322 1748
Hean 8.2 10.2 29.2 17.2 14.6



Transect, number of fish, and transect percent
F2 F1 0 B1 B2 Total

Sr·ecies N % N % N %. N % r % N.Il

White crappie 138 12.8 115 10.6 429 39.6 218 20.1 183 16.9 1083
LO:10e,~r sunfish 10 /, • 4 19 8.3 110 48.3 42 18.4 47 20.6 228
Bluegill 9 4.5 13 6.5 57 28.7 69 34.7 51 25.6 199
Gizzard shad 5 2.7 67 35.8 34 18.2 45 2f,.1 36 19.2 127
River carpsucker 11 84.6 0 0.0 2 15.4 0 0.0 0 0.0 13
Freshwater drum 4 30.8 4 30.8 2 15.4 2 15.4 1 7.6 13
Channel catfish 1 11.1 2 22.2 5 55.6 0 0.0 1 11.1 9
Carp 1 33.0 1 . 33.0 0 0.0 1 34.0 0 0.0 3
Grecn sunfish a 0.0 a 0.0 2 66.0 a 0.0 1 3/ •• 0 3
3luegill/1ongear

.'~1In fish a 0.0 a 0.0 1 34.0 2 66.0 0 0.0 3
La q;emouth bass 0 0.0 a 0.0 1 50.0 a 0.0 1 50.0 2
i-.J.1itebass 1 50.0 1 50.0 0 0.0 0 0.0 0 0.0 2
Flathead catfish 0 0.0 1 100.0 a 0.0 0 0.0 a 0.0 1
Redcar sunfish 1 100.0 a 0.0 a 0.0 a 0.0 a 0.0 1
On:mge--spotted

sunfish a 0.0 0 0.0 a 0.0 0 0.0 1 100.0 1.
Longear/green

sunfish a 0.0 1 100.0 a 0.0 0 0.0 0 0.0 1.



Table 17. Results of t-tests comparing the mean number of fish caught in hoop nets
1at various transects.

Transect and mean value Statistical
Species F2 F1 0 Bl B2 relationship d.f. t-statistic

-----

ifhite crappie 6.27 5.23 19.50 9.91 8.32 0 > B1 105 6.11
0 > B2 7.12
0 > F2 8.43
0 > F1 9.09

Longear sunfish 0.62 1.19 6.88 2.62 2.94 0 > B2 75 4.92
0 > Bl .5.32
0 > Fl 7.11
0 > F2 7.82

Bluegill 0.50 0.72 3.17 3.83 2.83 0 = B1 85 -1.43
0 = B2 0.7/.
0 > FI 5.33
0 > F2 5.80

Gizzard shad 1. 67 22.33 11. 33 15.00 12.00 0 FI 10 -1. 65
0 = BI -0.55
0 = B2 -0.10
0 F2 1.45



2 Relationship to
Species r Parameter Transect Estimate BO-estimate F-statistic

,B1uI?gil1 0.91 Intercept BO -10.75
(206) B2 -11. 29 NS 0.32

P2 - 9.33 NS 0.22
B1 -11. 38 NS 0.53
PI -10.34. NS 0.10

Slope EO 2.98
B2 3.08 NS 0.27
F2 2.77 NS 0.26
Bl 3.11 NS 0.60
PI 2.88 NS 0.13

Longear 0.83 Intercept BO -10.78
sunfish B2 -10.29 NS 0.19
(237) 'F2 - 6.59 NS 1. 67

B1 -10.77 NS 0.00
F1 - 9.05 NS 0.34

Slope BO 3.02
B2 2.90 NS 0.25
F2 2.10 NS 1. 74
B1 3.02 NS 0.00
Fl 2.65 NS 0.33



2 Relationship to
Species r Parameter Transect Estimate BO-estimate F-statistic

Gizzs.rd 0.84 Intercept BO -16.04
shad B2 - 7.49' S 13.73
(75) 1"2 _a

B1 -11. 80 NS 3:02
1"1 -12.07 NS 2.20

Slope BO 3.84
B2 2.12 S 13.88
1"2 -a
B1 2.99 NS 3.05
F1 3.06 NS 2.14

White 0.88 Intercept no -11.43
crappie B2 -12.27 NS 1. 83
(540) 1"2 -11.38 NS 0.00

B1 -13.L.l S 8.49
1"1 -11.58 NS 0.03

Slope BO 2.99
B2 3.1L~ NS 1.58
1"2 2.97 NS 0.01
Bl 3.36 S 7.75
1"1 3.02 NS 0.03

8Regression equation not calculated--only one gizzard shad collected on
transect F2.



Total Knm-m
Species N EquipmeI1t Tr:msect N mortalities a

White crappie 109 Hoop net B2 38 12
Bl 9 0

0 46 27
Fl 3 0
F2 8 2

Unidentified 5 5

Longear sunfish 95 Hoop net B2 19 0
Bl 27 0

0 39 0
Fl 5 0
F2 3 0

Electrofishing 0 2 0

Bluegill 91 Hoop net B2 26 1
Bl 27 0

0 22 0
FI 8 0
F2 3 0

Uniden tif ied 1 0
Electrofishing 0 4 0

FreshtlTaterdrum 5 Hoop net B1 1 0
F1 2 0
F2 2 0

Bluegill/ 3 Hoop net Bl 2 0
longear hybrid Electrofishing 0 1 0

River carpsucker 3 Hoop net F2 3 0

Uniden tif ied 2 Hoop net 0 2 0

Channel catfish 2 Hoop net B2 1 0
0 1 0

Carp 1 Hoop net F2 1 0

Green sunfish 1 Hoop net B2 1 0

Total 312 44

QThese fish died during mortality/tag" loss e..'<perimentsand ,.:erenever
available for recapture.



-Table 20. Summary of data for fishes recaptured dt!ring 1980. (All recaptures were made in hoop nets.)

Release Recapture
Total Total

Tag length Weight length Height
n;'J[;,ber Species Date Transect (nun) ( C' '> Date Transect (rum) (g) Days a

o·
-

009 Longear sunfish If Apr. B2 101 18 8 Jul. 0 110 25 95
8 .Jul. 0 110 25 24 .Jul. 0 110 32 16

037 Bluegill 23 May - - - 2f~ Jul. B1 164 90 62
2ft Jul. B1 164 90 22 Aug. 0 169 95 29

118 Longe",r sunfish 12 Jun. B2 116 20 3 Jul. 0 - - 21
120 Bluegill 12 Jun. B2 166 100 22 Aug. 0 169 90 71
143 LCJni;carsunfish 27 Jun. a 134 62 3 Jul. e 134 58 6
146 Longcar sunfish 3 JUl. Bl 99 25 17 Jul. 0 104 23 14
}55 Longe3t" sunfi.sh 3 Jul. 0 119 46 22 Aug. B1 119 43 50
168 Longear sunfish 3 Jul- 0 112 31 8 Jul- 0 104 32 5
187 Longear sunfish 8 Jul. 0 104 28 24 Jul. Bl 105 30 16

24 Jul. Bl 105 30 5 Aug. 0 106 - 12
:::OC LlJ.lb,,-,ar sun f i:sh 17 Jul. FI 109 32 26 Aug. F2 112 2fl 40
::08 Longenr sunfish 17 Jul. Fl 91 19 13 Aug.' 0 95 22 27
:::11 LOllLC~j"' sunfish 17 J1.Il. 0 117 40 13 Aug. 0 120 43 27
212 Longear sunfish 17 Jul. 0 106 32 13 Aug. 0 III 36 27

13 Aug. 0 III 36 19 Aug. 0 115 30 6
247 Longcar sunfish 24 Jul. B2 95 20 2"2 Aug. Bl 93 17 29

22 Aug. B1 93 17 26 Aug. B1 95 17 4
265 Lon~;ear sunfish 24 Jul. Bl 107 30 5 Aug. 0 10l - 12
. '~,' Lcng~;H- sunfish 24 Jul. B1 112 40 5 Aug. 0 III _. 12_ 1'4

a~umber of Gays bet~'Jeenrelease ~nd recapture; median = 21 days, mean r::: 28 days with a standard
deviation of 24 days.

00
00



3~~umbcr of la::-'v'al fish un collected per cubic meter (m ) of

Transect Clouds------_.__ .

Date F2 Fo Bo B2 Wind %

22 }lay N 179 133 116 142 SE 60
m3 136.92 98.66 96.28 69.71

N/m3 1.31(2)3 1.35(3) 1.20(1) 2.04(4)
30 May N3 2204 1182· 433 811 SW 70

m 127.56 95.87 91.34 74.32
N/m3 17.28(4) 12.33(3) 4.74 (1) 10.91(2)

5 Jun. N3 360 264 317 267 Sl.;r 2
m 137.34 96.32 100.80 78.50

N/m3 2.62(1) 2.74(2) 3.14(3) 3.40(4)
20 Jun. N3 133 93 623 98 NW 50 ..

m 119.16 96.92 89.36 76.98
N/m3 1.12(2) 0.96(1) 6.97(4) 1.27(3)

25 ..Jun. N3 62 52 108 41 SW 0
m3 143.25 89.72 75.88 78.03

N/m 0.43 (1) 0.58(3) 1.42(4) 0.52(2)
1 Ju1. N3 8 30 73 26 SW 0

m 147.76 87.65 84.45 67.03
N/m3 0.05(1) 0.34(2) 0.86(4) 0.39(3)

9 Jul. N3 7 8 5 11 SW 5
m 144.51 86.74 81.30 64.60

N/m3 0.05(1) 0.09(3) 0.06(2) 0.17(4)
16 Jul. N3 3 25 . 20 5 SW 35

m3 129.29 90.68 91.59 72.80
N/m 0.02(1) 0.28(4) 0.22(3) 0.07(2)

Total N/m3 22.88 18.67 18.61 18.77

Hean N/m3 2.86 2.33 2.33 2.35
Total rank 13 21 22 24

aNuniliers in pnl·entheses indicate rank within a sampling day.



Transect ,'l nd number- of ~. h
.L 1,S.!

Date Species F2 Fa Ba B2 Species %
-----
22 Hay Dorosoma cepedL:mum 175 133 115 138 98.42------Menidia audens 1 1 0.35-------- 0.18~<?~1:.!:_() tus lFunn i~.ns. 1

Pomoxis annularis 1 3 0.69
~r:::inus carpio 1 0.18
Lepol~Jissp. 1 0.18

30 May Dorosoma ceped io,num 2158 1168 417 783 97.75
Menidia audens ? 1 ,. 1 0.17t --Aplodinot~s..grunniens 1 0.02
Pomoxis annularis 43 11 12 25 1. 97
Lepomis sp(p). 2 2 0.09

5 Jun. DorosoPla _cepedi.~num 339 237 293 255 93.05
Henidia audens 1 1 3 0.42----Apl~ci~Eotu~,J~ytl:'2ni..ens 5 1 7 L L24
Pomoxis annularis 1.5 25 15 6 5.05
Lepomis sp. 1 0.08
Cyprinidae 1 0.08
Unidentified 0.08

20 Jun. Dorosoma cepedicnum 127 91 615 91 97.57
Menidia audE:ns 2 2 7 6 l.80
LepoPlis ~PCp): 4 1 0.53
Percina caprodes 1 0.10

25 Jun. Dorosoma cepedianum 59 48 107 40 96.58
Henidia audens 3 4 1 1 3.42

1 Jul. Dorosoma ~edi~~uT:1 7 11 '+ 7 18 60.58
Henidia audens 5 1 1 5.11-_._.
Aplodinotus z.nnnicns 8 5.84
POlnoxis annularis 2 1.4,6-----

~~') ( p-) -. -Lepomis 2 23 7 23.36
Unidcntifiec , 4 3.65.L

9 Jul. Dorosoma cenedianuPl 3 5 1 1 32,26----- --~._._._.Hcnidia nude-ns ...• 3 19.35------ -,--
..)

~odinotL:~ ,~rllnn i. ('11S 2 1 1. 12.90
J.:'..~~2.~..s_sp(p)-.--- 2 6 25.81
Unidentified 2 l' 9.68

16 Jul. Do..!o~;omDc~.r.2di[)nu.~ 1 2 5.66
Henidj<l Dudo:1S 1 1 J. 5.66---- -----POn10xis .:111nL~ldris 1 4 1. 11. 32_4. _______-~,---_._-
J.ep()f~1s sp(r) . 3 22 13 ~. 77 .36.)________ ·_________ ..~_.___ .___ 4~_.....___________ ...._..______________ .__



Transect and mean length (mID)
Date F2 FO BO B2

22 Hay Hean 5.47(1) 7.03(3) 7.50(4) 6.20(2)
N 166 147 109 130

. 30 May Hean 5.92(1) 11.30(4) 8.92(3) 6.32(2)
N 100 100 100 99

5 Jun. Hean 7.89(1) 9.30(2) 10.82(4) 10.80(3)
N 100 365 100 100

20 Jun. Mean 9.18(1) 11. 25 (3) 11.42(4) 9.71(2)
N 151 93 100 91

25 June
. a 11.10(3) 9.80(1) 9.92(2)Hean 14.25(4)

N 59 48 100 38

aSample contained many well-developed post-larval 'fish.



1:'ran~ect, location and N/!
F 0 B---------"--Date East Hiddle \'lest EClst Hiddle l-Jest East Middle \vest

7 Mar. 132 99 108 182 108 107 114 112 235
27 Mar. 124 137 136 159 15.3 1272 115 Itf1 1°~7.J,

(
16 Apr. 60a 66 47 60 55 50 65 41. 66

2 May 34 41 34 61 63 37 39 22 34
16 May 63 66 61 128 81 71 75 98 95
30 Hay 81 100 173 316 239 114 275 151 266
20 Jun. 21 24 32 14 44 35 17 24 L2

1. Jul. 123 140 84 155 129 117 133 167 177
16 Ju1. 19 30 30 25 21 15 25 24 30

I

29 Ju1. 39 37 ti9 42 LfS 47 29 45 52
13 Aug. 144 74 76 81 80 66 66 127 96
25 Aug. 69 48 34 73 ttl Ll3 46 22 41
Total 909 862 864 1296 1059 829 999 974 1309
Hean 75.8 71. 8 72.0 108.0 88.2 69.l 83.2 81.2 109.1

aSample containers accidentally broken; values estimated according
to Steele and Torrie (1960) p. 241.



Transect, ~axonomic group, and mean value
F2

"
0 B2

Date C1aciocera Copepoda Rotifera C1adoce'ra Copepoda Rotifera C1adocera Copepoda Rotifera

7 !·br. 5.8 45.6 15.8 3.7 37.9 52.8 5.5 44.8 58.4
27 ~1<1r. 11. 9 51. 0 18.4 8.9 62.8 12.0 33.4· 65.3 8.5
16 Apr. 10.7 21. 8 1.9 10.6 19.4 2.7 12.6 21. 6 1.7

2 H.lY 8.1 12.8 2.6 11. 2 19.6 3.2 9.3 8.8 4.8
16 !'lay 21. 5 20.4 0.9 27.3 31. 6 2.8 26.4 29.4 4.0
30 Nay 19.7 47.7 2.9 45.5 83.6 10.5 38.9 92.5 6.7
20 Jun. 5.4 9.7 0.9 8.7 9.7 2.9 3.0 7.6 2.8

1 Jul. 39.1 31. 0 14.3 30.4 42.5 17.7 22.1 51.1 34.6
16 Jul. 2.8 7.5 2.5 3.6 9.8 3.1 5.0 9.3 2.7
29 Ju1. 10.6 14.8 1.5 9.8 16.9 1.1 8.8 16.3 0.8
13 Aug. 44.4 18.7 16;2 27.6 16.4 15.3 42.9 19.0 15.3
25 Aug. 15.8 17.2 0.3 12.0 20.0 1.1 13.3 11.1 0.9---
Total 195.8 298.2 . 78.2 199.3 370.2 125.2 221. 2 376.8 141. 2
Mean 16.32 2'••85 6.52 16.61 30.85 10.43 18.43 31. 40 11. 77



Table 26. Ash-free weights (g) of periphyton growing on
221 tire pi2ces (441 em each) attached to the break-

Date removed and weight (g)
11 Jul. 30 Jul. 12 Aug. 28 Aug.

----
1.1679 1.0138 1. 5555 1.8968

2.0479 1.9717 2.1931 3.5349

2.2609 1. 4397 1. 8998 2.0847

1. 9881 1. 507Lf 1. 8051 2.9020

. 2.7755 2.1308 1. 3741

1. 9527 2.5163

Total 10.2403 10.0161 11. 3439 10.4184

Mean 2 < 0[.806 1. 66935 1. 89065 2.60460

Ex = 1.2.0187

- 2.0009 ± 0.27011x :-::

95% C.r. 1. 7308 2.2710 g/441 2to em

39.25 to 51. 50 g/m2=



Date and location of tire piece
11 July 30 July -Family 11 25 36 43 Lf8 49 Total 01 13 20 28 32 41 Total

----
Chironomidae 115 82 177 129 160 208 871 588 695 888 582 264 399 3416
?sychornyiidae 9 25 29 33 44 63 203 52 30 43 27 9 19 ISO
Hydroptilidae
Coenagrionidae 1 1 2
Insecta

Tabanidae 1 1
Tipulidae 1 1
Gyrinidae
Hydrophi1idae 4 4
UnknOwll tricop~
teran pupae 1 2 3

-Gastropoda
Physidae 2 2 7 3 1 1 12
Planorbidae I- I 2 1 1

Crustacea
Talitridae 2 5 8 15 9 1 11 3 24

Turbel1aria
Unknown

\0
\Jl



Date and location of tire piece
12 Aug. 28 Aug.

Family 05 10 16 37 44 50 Total 08 38 39 58 Total Total

Chironomidae 314 466 785 380 379 281 2605 139 198 284 126 747 7639
Psychomyiidae 48 30 70 27 38 39 252 10 13 30 28 81 716
Hydroptilidae 6 4 2 12 12
Coenagrionidae .,.. -. 3 3 5
Insecta

T3bani.dae. 1
Ti.pulidae 1
Gy rin idCte 1 1 ,...
Hycl1";'pLilidl.le 1 1 5
U:lknOlVT1 ,tricop-
tern,) j'w)ae 3

Gas t l-opoda
Physldae 3 3 1 7 1 1 2 23
PLmorbidae 11 1 1 1 14 5 1 6 23

Crustacea
Talitridae 1 10 5 3 4 23 1 5 4 1 11 73

Turbell:uia
Unknown 8 14 1 23 19 4 2 4 29 52





Container and
Plexiglas boxes

(pe~iphyton and phytoplankton)
Light Dark

BOD bottles
(phytoplankton)

Light Dark

Mean gross production
Mean net production

7.4225 ::.4 83
1.5375 .

aTire piece had slid close to the bottom of its host tire.

bTire piece was partially exposed at the water's surface.
cYSI needle "pegged" on upper end of the scale; value actually> 7.20.

~nable to finish DO measurements due to generator breakdown.





Stillwater
11. 3 km



Figure 3. Brushy Neck Cove of Lake Carl Blach.'el1 at t"o different "ater levels;
H2, HI, F., and F2 indicate 10c.tions of experimental transccts.
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Figure 4. N\1mb,:,rof invertr·hrates collected per Hest('r-Dendy sampler during
1979 and 1980.
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Figure 7. Percentage of fish collected on each trans~~c in hoop nets during 1979 and 1980.
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Figure 10. Mean number of zooplankters per liter of water
filtered (x/£.) on three transects, collected on 12 dates
in 1980.
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Figure 11. Mean number of zooplankters peT liter of water
filtered (;/9.)for twelve dates during 1980. West, middle,
and east were geographical sections of the transects.
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Figure 12. Arrangement of two rows of 18-tire modules and inter~connecting V-bolts.



DETAILS OF CONSTRUCTION OF THE DOL~LE-ROW

FLOATING TIRE BREM0.~ATER

Individual modules were constructed using 18 tires and 2 U-bolts,

each U-bolt measuring 1.9 ~l (when straightened) as in Figure 12. The

modules were then connected end-to-end using a small U'-bolt, 57.2 em in

length, to pass through the two end-most tires and an additional con-

nector tire. All U-bolts were secured with metal strips 38.1 em long

.and 38.1 rom wide. The two breakwater rows were connected by folding

out two side tires on racing modules, placing a fifth tire between

them and passing a 10 em wide strip of rubber belting between the

tires (Figure 12). The breakwater was in two sections extending

approxirnately 350 m from each shore and overlapping in the center of

the cove to allow the passage of boats. Concrete anchors weighing

approximately 40 kg were connected to the brea~4ater with unwelded

chain (6.7 x 2.0 em links, 1.3 em in diameter) and 6.3 rom diameter

steel cable. Cables were 15.2 and 22.9 m long on the north and south

sides of the bre~kwater. respectively.



Date Level Date Level

1978 1979 .. "
2 Aug. 285.20 4 Sep. 285.62
1 Sep. 285.10 10 Oct. 285.21
2 Oct. 284.74 8 Nov. 285.23
6 Nov. 284.55 28 Dec. 284.96

10 Dec. 284.56 1980
1979 10 Jan. 284.93

8 Jan. 284.41a 29 Feb. 284.87
28 Feb. 284.47 12 Mar. 284.84

2 Har. 284.46 3 Apr. 284.92
2 Apr. 284.66 1 May 285.61
1 May 284.62 20 Jun. 288.09b

7 Jun. 285.27 3 Jul. 287.85
3 Jul. 285.48 12 Aug. 287.20

10 Aug. 285.53

~owest level recorded during the study.

bHiL;hest level recorded during the study.



Ithat were encountered during the study.

Black bullhead
Blue catfish
Bluegill
Bullhead minnow
Carp
Channel catfish
Freshv!ater drum
Flathead ca~fish
Gizzard shad
Green sunfish
Largemouth bass
Logperch
Longear sunfish
Mississippi silvers ides
Orange-spotted sunfish
Red Shiner
River carpsucker
White bass
White crappie

Ictalurus mela~ (Rafinesque)
Ictalurus furcatus (LeSueur)
Lepomis ffi2crochirus(Rafinesque)
Pimephales ~ila~ (Baird and Girard)
Cyprinus ctirpio Linnaeus
Ictalurus punctatus (Rafinesque)
AplodinotLls _gi.-unni_er:s~Rafinesque
Pylodictis oliveris (Rafinesque)
Dorosoma cepedianum (LeSueur)
~li~ .sY_anellusRafinesque
Micropterus sdl~oides (Lacepede)
Percina caprocles (Rafinesque)
~~ ~~s (Rafinesque)
}1enidia audens (Hay)
Lepomis hu~ilis (Girard)
Notrovis lutrensis (Baird and Girard)
Carpiodes sarpio (Rafinesque)
Morone chrysops (Rafinesque)
Pomoxis annularis Rafinesque

IBailey, R. M., J. E. Fitch, E. S. Herald, E. A. Lacr.ner, C. C. Lindsey,
C. R. Robins, and W. B. Scott. 1970. A list of common and
scientific ~.ames 0: fishes fro:n the r'1i!.edStates and Canada,
3rd edition. American Fisheries Society Special Publication
Number 6, Washington, D. C., USA.




