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ABSTRACT 

F ,<,oh pa pui.a..u.o no a.t Red Haw, G1te.e.n Valley and Bo bwhi:te. La.l,V->, a.U ma.n­
rrude. R.ak.u, and Sp,iJc,,,U Lak.e., a na.twuu .ta.k.e., Welte. -6a.mple.d wUh fiyk.e. nw, 
e.x.pvu.me.n-W.. g.l.t-e. nm a.nd -6une. :to me.Mwr.e. :the. a.mount and -6oWl.c.e.-6 oo va.JLla.;U_on 
in appa.11.e.nt abu.ndanc.e. 06 c.ommon o,i,,6h .6pe.ue6. Ana£y1,,i,,6 o o vatua.nc.e. p1toc.e.dwr.e. 
wa..o U-6 e.d :to me.Mwr.e. :the.. va.Jua:ti.,on due. :to ye..aJ11.y a.nd monthly inte1tva.l and ne.:t 
-6de. loc.a.t.i...on. A -6ampun.g Jte.g,i,me. WM c.ho.6e.n fio1t e.a.c.h .type. o0 ge.a.11. w,i,:th 
peltma.ne.nt -6ample.. -6de6 a.nd lnte1tva.l-6 .ln. 1911- 1913. The. -6a.mple. .lnte.1tva.L6 Welte. 
nJtom AµJt.ll-Se.p:te.mbe.1t wi:th 2-& 11de6 de.pe.nd.ln.g on. :the. .type. ofi ge.a.1t. By :th.l-6 
app11.oa.c.h :the. mo11.t c.ommon. -6oWl.c.e.-6 oo vcur,,i__a;t,lon. e.n.c.ou.nte.Jte.d in. -6ampun.g t}i-6h 
popu.la.t.i...ono we.1te. ide.n.:t.lfi,le.d. Ha.b,Lta.:t d.lve.Jt,6dtj a.n.d p1te.ne1te.nc.e. ofi ni-6h -6pe.ue6 
We.Jte. mo-6:t p11.onounc.e.d a.:t Spw..t La.k.e. a.n.d a.ppa.1te.nt abunda.n.c.e. WM -6ign,i,t}ic.an.:tly 
d.lfine.1te.nt a.:t ne.:t loc.a.:t.lono fio1t a.U .ope.ue6. Con.ve.Jt,6e.ltj, 11a.mpun.g a.:t man-ma.de. 
la.k.V-> -6howe.d :the1te. wa..o c.ono.ldVLa.bly lV->11 va.Jt.lan.c.e. .ln. me.an. c.a.:tc.h e.n fioJt:t be.twe.e.n 
ne.:t loc.a.UoM. Sa.mpun.g .lnte.Jtva.l WM Jte6ponoib.te. fioJt a m.ijo11. -6ou.Jtc.e. otl vatua.­
tion .ln c.a.:tc.h e.fi6oJt:t ofi young fi,i,,6h .ln .oe..ln.e. 11a.mp.te6, while. -6ampling .lnte.Jtva.l WM 
a lV->-6 ,i,mpo4tant -6owr.c.e. ofi va.Jt.la:t.lon. fioJt :the. o:the.Jt .ttjpe.-6 Ot) ge.a.11.. Fyk.e. n.e.:t 
c.a:tc.h e6 we.Jte. le.-6 -6 va.Jt.la.ble. :than. 1, une. 1, a.mple.-6 e.xc.e.p:t 6 a 11. wa.Ue.ye. a.:t S p,iJc,,,U La.~ e., 
an.d c.Ju1pp.le. a.nd go.tde.n. -6hin.e1t a.t ma.n.-ma.de. .ta.k.e.-6. Ex.pe.Jt.lmen:ta..t g.l.t-e. nw we.Jte. 
mo11.t e.66e.c.tive. fio1t -6a.mplin.g c.ha.nn.e..t c.a.:tfii-6h and golde.n -6hineJt. a.:t ma.n-ma.de. .ta.k.V->, 
pa.Jr.tic.uiaAly G11.e.e.n. Va.Ue.y and Bobwh.l.te. Lak.v.,, while. blue.gill a.n.d c.Ju1pp.le. we.1te. 
bV->:t 11a.mpfe.d with· ,6yk.e. ne.u a..t ma.n.-ma.de. la.k.e.-6. Fyk.e. ne.u bv.,:t 11a.mple.d buU.he.ad 
a.nd yellow pe.1tc.h a.t Sp,iJc,,,U La.k.e. a.nd e.x.peJL,i,me.n..ta.l Welte. qu..l:te. in.e.fifie.c.tive. noJt any 
.ope.c..lu a.t SpiJt.l:t La.k.e.. Vatua.n.c.e. .ln c.a..tc.h e.fifioJt:t wa..o U,6e,d :to c.ompute. -6a.mp.le. 
-6.lze. fio Jt va.rvi.oU,6 l e.ve.l-6 a 6 -6a.mpun.g ac.c.WLa.c.y a.n.d µ11.e.c..l-6.lo n.. Re.c.orrme.nde.d le.ve.l-6 
ofi a.c.c.u.Jta.c.!f a.nd µ11.e.w.lon. WeJt.e. de6c.Jt.lbe.d . PtLe.l,i,m,i,n.a.Jr.fj .6Wl.Ve.lj.6 Wa.-6 60% a.c.c.u.Jta.c.y 
and . 1 0 p!Le.wio n.; .lnte.noi ve. rrun.a.g e.me.nt, 8 0 % a.c.c.WI..a.c.!f and • O 5 ptt..e.wio n; a.nd 
Jte.-6 e.a.Jteh 9 0 % a.c.c.wr.a.c.y an.d . 0 5 pJt e.wio n. E x.a.mple.-6 a 6 -6 ample. 11iz e. c.o mputa.:t.lo n. 
We.Jt e. give.n :to .l.t-e,U,6.:t.Jta.te. .the. method . Re.c.omme.n.da.t.lono Welte. p1Lopo11e.d noJt U-6e. ofi 
c.o n ve.n.:t.lo na.l fi,i,,6 h -6 ampun.g g ea.It w.l:th Jte.. 6 e.Jt e.n.c. e. :to .6a.mpl e. 11 de., ln.:te1t val a.nd 
-6a.mple. -6lze. . 



INTRODUCTION 

Sampling fish populations with seines, fyke net s and gill nets to 
determine changes or trends in apparent abundance is a basic tool in fisheries 
management and research. Reliable estimates of abundance are difficult to 
obtain primarily because of the lack of standardized sampling techniques and 
gear , and from a general dearth of knowledge about the sources of variation in 
catch other than changes in population abundance. Standardization of techniques 
and gear wi t hin a sampling regime is necessary to achieve precise estimates of 
r elative abundance and other population parameters. Recognition and delineation 
of inherent sources of variation in catch per unit effort are also prerequisites 
for obtaining precise indices. The largest problem with these surveys seems to 
be some assurance that the samples are truly reflecting numerical population 
characteristics. If they are not, judgements and programs based on them are 
likely to be wrong, or at best unproductive. 

Variability in the catch of fish with entrapment or encircling gear usually 
arises from two primary sources, differences in spatial and temporal distribution. 
Spatial variation is mainly attributable to the location of sampling sites and 
habitat preferences of fish, although the clumping of fish due to schooling or 
other natural nonrandom distribution cannot be discounted as an important source 
of sampling error. Temporal variations in catch effort are commonly due to 
daily or seasonal ' changes in fish activity and are usually associated with 
spawning activity, feeding movement or other activity which cause fish to be 
more or less vulnerable at one time or another. 

Catch effort values bear some proportional relationship to population 
abundance and have been used as indicators of apparent abundance (Carlander, 
1953). The reliability of catch data to derive relative abundance indices and 
to compare fish populations was found to be subject to considerable error by 
Moyle (1950). Moyle and Lound (1954) approached the problem of determining 
errors associated with catch means and medians of stationary net catches by 
using two statistical methods. The conclusion concerning errors associated 
with catch means was similar to Moyle 's earlier work . The mean was considered 
most useful in describing apparent abundance of a fish population, with catch 
medians considered most effective for evaluating and comparing several fish 
populations. A sampl ing regime specifically designed to measure the amount of 
variation in catch success from several factors was discussed by Ridenhour 
(1960). The sampling design, based on a Latin square, took into account 
variation in the catch effort due to the time of day, year sampled and net 
location . 

The primary objective of this study was to measure the amount and sources 
of variation in the catch of fish in a comprehensive sampling program using 
drag seines, fyke nets and gill nets. The catch effort statistic could also 
form the base for the development of relative abundance estimates for common 
fish species. Four lakes were chosen that represented different types of 
waters managed for sport fisheries in the state. Preliminary experimental 
sampl ing was initiated with drag seines and fyke nets in 1971 and continued for 
three consecutive years . Gill net fish sampling started in 1972 and terminated 
the following year. Location of sampling stations in each lake were established 
in the first year and remained in the same place throughout the study. Sampling 
dates were also maintained each year of experimental netting. The catch 
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statistics wer e analyzed in a fashion to identify the unique contribution to 
t ota l catch var i ance for yea~s, location and sampling interval . . 

DESCRIPTION OF THE LAKES 

Fish populations were sampled at Spirit Lake~ a natural lake located in 
northwest Iowa, and at Red Haw Lake, Green Valley Lake and Bobwhite Lake, man­
made impoundments in southern Iowa. Spirit Lake was representative of most 
natural lakes. Red Haw Lake, Green Valley Lake and Bobwhite Lake were 
representative of three types of man-made impoundments, classified by physical 
and chemical parameters. 

Spirit Lake is the largest natural lake in Iowa containing 2,300 ha 
(5,600 a). It is a shallow, eutrophic lake with a maximum depth of 7.3 m 
(25 ft). The basin is bowl-shaped and has gradually sloping sides, rocky shoals, 
several prominent reefs and extensive areas of muck bottom. The lake is 
homothermous in summer months with adequate dissolved oxygen to support fish life 
at all depths. The watershed is approximately 15,000 ha (38,000 a) and flat to 
gently rolling, with much of the land in small grain row crop production. 

The lake classification systems developed by Mayhew (1973) and Mitzner 
(1974) were used in this study to select groups of man-made lakes. The 
classification segregated lakes in three groups, and one lake was chosen from 
each class. 

Red Haw Lake was characteristic of Group I lakes. Located in Lucas Count y 
near Chariton it contains 29 ha (75 a) and a maximum depth of 12 m (40 ft). The 
steep-sided basin is protected from wind by surrounding hills and mature timber. 
Thermal stratification occurs from May through October, with the metalimnion 
from 2-5 m (6.5-16 ft) deep, but normally about 3 m (10 ft) deep. Dissolved 
oxygen is depleted in the hypolimnion to< 3 mg/1. The watershed contains 725 ha 
(1,790 a). 

Green Valley Lake in Uni on County near Creston represented Group II lakes. 
The lake is Y-shaped with surface area of 154 ha (380 a). The basin has 
gradually sloping sides with a maximum depth of 7.4 m (25 ft). Temporary thermal 
str atification occurs only during periods of light surface wind. The lake is 
unprotected by surrounding topography or vegetation and prevailing winds along 
the lake axis are partially responsible for disrupting thermal stratification. 
Intensive agricultural practices in the watershed and resultant silt inflow 
causes turbidity to range to 25 cm (10 in) Secchi disk reading. 

Bobwhite Lake is a 40 ha (98 a) municipal water supply for Allerton in 
Wayne County and is a typical Group III impoundment. The basin is shallow with 
a maximum depth of 5.2 m (16 ft). Thermal stratification is absent, but in the 
summer dissolved oxygen is partially depleted below 3 m (10 ft). Erosion in 
the intensively farmed watershed is common with high silt turbidity a chronic 
problem. 
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Several factors were considered in selecting sampling locations for gear 
i n the study lakes. First, sites were distributed 9ver all areas of the lakes. 
Secondly, sites were chosen so each gear type would fish effectively and excluded 
dam- faces and extreme shallows. Finally, a variety of habitat was selected, 
inc luding a variety of botto:n slopes, soil types and plant coII111unities at each 
lake . Time intervals selected for fish sampling were generally paced evenly 
through the summer and early autumn. 

DESCRIPTION OF SAMPLING METHODS AND GEAR 

Seines, fyke nets and experimental gill nets used in this study were 
identical to those connnonly used by most fisheries biologists for population 
sampling. All fish captured were counted and released. 

SEINE SAMPLES 

Two sizes of drag seines were used in the study, both with 6.35 mm (1/4 in) 
woven bar mesh. Dimensions of the seine used in Spirit Lake was 152 m (500 ft) 
long, containing five 30.5 m (100 ft) sections. The outside sections were 1.8 m 
(6 ft) deep, inside sections were 2.4 m (8 ft) deep and a single center section 
bag was 3.7 m (12 •ft) deep . Seine hauls in the man-made lakes were made with a 
15 . 2 m (50 ft) by 1.5 m (5 ft) common sense drag seine. 

Sampling at Spirit Lake was conducted at 8 different locations (Figure 1) 
during 6 biweekly periodss commencing 1-15 June each year. Standardization of 
the hauls was accomplished by holding one end of the seine near shore, then 
laying the seine out in a half-circle configuration and retrieving directly 
toward shore. 

In man-made lakes, seine sampling was conducted monthly from July through 
September. Four sites were selected at each lake (Figure 1). Seine hauls were 
made parallel to the shoreline covering a length of approximately 20 m. 

FYKE NET SAMPLING 

Fyke nets, also called pound nets, were of two sizes. At Spirit Lake frames 
were .76 x 1. 5 m (2 1/2 x 5 ft) with .61 m (2 ft) hoops and 15.2 m (50 ft) leads. 
Fyke nets used in man-made lakes had .61 m x 1.22 m (2 ft x 4 ft) frames with 
.61 m (2 ft) hoops and 12.2 m (40 ft) leads. The leads were hung using either 
polycore or cork float lines and lead-core lead lines. Web dimensions on all 
nets was 25 mm (1 in) bar mesh. Sets were made with the leads perpendicular to 
shore. 

Sampling at Spirit Lake commenced on 1-15 June each year and continued for 
6 biweekly intervals. Eight sites were selected for netting at the same location 
as the seine sites (Figure 1). 

At the man-made lakes, sampling was conducted each year dur ing 6 monthly 
intervals, April through September, Four locations (Figure 1) were sampled at 
each lake during each interval; again all net leads were set perpendicular to 
shore. 
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BOBWHITE LAKE 

RED H AW LAKE 

GREEN VA L LEY LA KE 

fjgurc l. Location of sampling s t ations at the four l akes. Soli.d circles 
denote seine station, sol i.d triangles are fyke net stations and 
solid squares are gill net stations. 
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EXPER IMENTAL GILL NET SAMPLING 

Experimental gill nets contained five, 9 m (30 ft) sections of 13 (1/2), 
19 (3/ 4), 25 (1), 32 (1 1/4) and 38 mm (1 1/2) inch bar measure, No. 104 nylon 
twine . The nets were 1.8 m (6 ft) deep and had polycore float and lead-core 
lead lines. 

Sampling at Spiri t Lake started 16-30 June each year and continued for S 
biweekly periods at three locations (Figure 1). Nets were set perpendicular to 
shore with the small est mesh set nearest the shore. In man-made lakes, two 
locations were established in each lake (Figure 1). Nets were set for 6 monthly 
intervals from April through September. 

ANALYSIS OF NUMERICAL CATCH DATA 

Sources of variation in the catch effort for each sampling gear were 
determined by factorial analysis of variance. Numerical counts of fish were 
transformed by 

yijk = !0 glO(Xijk + l) 

where Yi.k was the transformation of Xijk + l, and Xijk was the numerical catch 

in the kfh sampling i nterval at the jth net location i n the ith year. Transfor­
mation was necessary to achieve uniformity in t he variance among r esiduals . 
Examination of the empirical cumulative distribution of residuals by full normal 
probabi lity plotting of data co llected in 1971 revealed normality was a 
reasonable assumption after transformation. Further deviate plotting was not 
repeated since data collected in 1972 and 1973 were distributed similar to those 
the previous year. 

Residual mean squares were the unbiased estimated error for the transformed 
catch data after deviations due to year, l ocation, sampling i ntervals and inter­
actions were account ed for in the random effects model. For testing the 
significa~ce of the main factors and interactions, the error mean square was 
derived by pooling the station-sampling interval and year station-sampling 
interval interactions. Neither of these interactions were of practical value 
in the overall analysis. Sources of variation and the expected mean square for 
each are listed in Table 1. The minimum l evel of s ignificance for all tests 
was set at 95%. 

FINDINGS 

Sampling of fish populations with the three types of gear producee a list 
of 36 species (Appendix A) of which black bullhead, crappie, channel catfish, 
largemouth bass, bluegill, walleye, yellow perch, warmouth bas s, and golden 
shiner were used to evaluate catch statistics. Thirty-three species were caught 
at Spirit Lake, 14 at Red Haw Lake, 13 at Green Vall ey Lake and 10 at Bobwhite 
Lake. 
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Table 1 . Expected mean squares and component coefficients for factorial a 
analysis of variance in the catch of fis in experimental netting. 

Source of variation df Parameter estimated 

Year (y = 2-3) 1-2 c]-YSP + 6 18s Cfyp + 4 36p cl-ys + 2 6ps dys 

Site (s = 2-8) 1-7 dysp + 6 48y asP + 4 36p dys + 2 6py a-s 

Y XS 1-14 er YSp + 2 - 36p Cf YS 

Period (p = 3-6) 2-5 crYSP + 6 48y er SP + 6 - 36scryp + 3 - 6sycl-p 

y X p 2-12 Cf YSP + 6 - 18s er YP 

S X p 2-35 dYSP + 6 - 48y c]-SP 
(residual) 

y X S X p 2-70 ci\sr 

Total (corrected) 11-143 

a 
The number of observations within years ranged from 2 t o 3, site from 2 

to 8 and periods from 3 to 6, derivation of the df followed the usual n-1 
procedure. 

SEINE SAMPLING 

Sp.ur.,U: La.k.e. Yellow perch, walleye, black crappie and spottail shiner 
were caught in adequate numbers for statistical evaluation. All were age O fish, 
except spottail shiner, which were not aged, but the sample was assumed to 
contain both juvenile and adult fish. 

The overall mean catch effort (C/E) of age O yellow perch in the seine 
samples was 3,983 and ranged from 3,022 in 1971 to 5,002 in 1973 (Table 2). 
TI1ere was no significant difference in apparent abundance of young perch 
(P > .05) between years. The difference in mean C/E of young perch between 
sampling sites showed a highly clustered distribution (P < .01) with the catch 
ranging from 1,491 at station 8 to 5,936 at station 7 (Table 3). Young perch 
were caught in early June samples, but their density was quite low, averaging 
2 per haul . Later sampling reflected an accelerated increase in abundance 
reaching the maximum density of 7,225 per haul by mid-July, then declining to 
3,034 by late August. The highly significant F ratio (P < .01) for the year­
station interaction indicated quite large variability in catch means existed 
at the different sampling stations although there was little variation between 
years. High catches of yellow perch at a particular sampling station did not 
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Tabl e 2. Mean cat ch effort of fish in seine haul samples at Spirit Lake, 
1971 - 73 . 

June July August 

Species Year 1-15 16-30 1-15 16-31 1-15 16-31 Mean 

Y perch 1971 a 1,279 8,387 2,105 2,806 3,556 3,022 
1972 6 1,024 7,270 7,475 5,303 2,465 3,924 
1973 a 1,088 5,690 12,094 8,060 3,081 5,002 

Mean 2 1,130 7,116 7,225 5,390 3,034 3,983 

Walleye 1971 a 55 24 3 10 4 16 
1972 64 668 154 28 8 2 154 
1973 2 30 30 28 11 15 19 

Mean 22 251 69 19 10 7 63 

B crappie 1971 0 42 27 143 201 372 131 
1972 0 0 100 789 1,414 611 486 
1973 0 < 1 0 2 27 38 11 

Mean 0 14 42 311 547 341 209 

S shiner 1971 137 9 12 69 125 895 208 
1972 3 < 1 8 1,165 3,882 252 885 
1973 30 132 32 18 681 749 274 

Mean 57 47 17 417 1,562 632 455 

Table 3. Factorial analysis of variance in the catch of age O fish in seine 
haul samples at Spirit Lake, 1971 - 73. 

Source of variation Y perch Walleye B crappie S shiner 

Year NS ** ** NS 
Station ** ** ** ** 
Interval ** ** ** ** 
Year x station ** NS ** * 
Year x interval NS ** ** * 

*significant at the 95% level. 
** Significant at the 99% level. 
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necessarily mean C/E remained high at the station in successive years . Catch 
effo rt means for the year-station class ranged from a minimum of 408 at station 2 
in 1971 to a maximum of 12,829 at station 4 in the . last year. 

The mean overall C/E of young walleye in seine samples was 63 fish per haul. 
Yearly means were 16 in 1971 , 154 in 1972 and 19 in 1973> which were significantly 
different at the 99% level. Multiple range testing revealed the catch in 1972 
was significantly higher (P < .01) than other years. Difference in mean catch 
effort of young walleye at the eight sampling locations was highly significant 
(P < .01) with values ranging from 6 at station 2 to 154 at station 3. Seasonal 
distribution of catch means for age O walleye was 22 per haul in early June, 
increasing in late June to 251 per haul> followed by a rapid decline to 7 per 
haul in the last sampling interval. The nonsignificant year-station interaction 
indicated al though there was unequal distribution of young walleye along the 
shore, the mean number taken at sampling stations each year was nearly equal. 
The highly significant (P < .01) difference for the year-interval showed inflec­
tions in the catch curves did not occur at the same sampling intervals each year, 
but varied considerably and was probably due to the dates of spawning. Mean C/E 
for the year-interval interaction ranged from no walleye in period one in 1971 
to 608 in period 2 the second year. 

Overall mean catch of age O black crappie was 209 per haul, ranging from 
11 in 1973 to 486 in 1972. Variation in the catch was significantly different 
at the 99% level ·and indicated the 1 972 yea.r class was much stronger than in 
1971 or 1973 . Catch effort at individual sampling stations showed highly 
significant differences (P < .01) varying from 46 at station 8 to 498 at 
station 5. Distribution of the catch by sampling interval showed age O crappie 
were usually not captured until mid-June when average C/E was 14 per seine 
haul. There was a systematic increase to a mean of 547 at the first interval 
in August, and declined to an averageof 341 in the last interval. Highly 
significant (P < .01) differences in mean C/E for the year-station and year­
interval classes showed the numerical abundance of 0-age crappie varied widely 
between sampling stations and intervals in different years. High catches at 
one station or interval were apparently not repeated in successive years. 

Catch means for the year-station classes varied from< 1 age O crappie at 
station 7 in 1973 to 1,161 in 1972 at station 4. Highest catches always occurred 
at the latter station during all years. The year-interval interaction means 
ranged from no fish in the first sampling period in all years to 1,414 in 1972 
during the fifth interval. The most important disparity was that age O crappie 
were absent from seine hauls until the third sampling interval in 1973. 

Catch means for spottail shiner in the seine samples were 208 in 1971, 885 
in 1972, and 274 in 1973, with an overall average of 455. Despite the large 
difference in 1972 compared to the other years, the values were not significantly 
different (P > .OS). Distribution of spottail shiner in Spirit Lake was highly 
s egregated, ranging from 17 at station 8 to 1,272 at station 4. The difference 
in the seasonal distribution of the catch was also highly significant (P < .01) 
indicating a large portion of the catch were young fish. Catch distribution was 
bimodal with a mean of 57 fish per haul in the early summer samples that declined 
to a low of 17 per haul in the third period. This mode was followed by an 
increase to the maximum C/E mean of 1,562 in the fifth interval followed by a 
decline to 632 in the last period giving further credence to the postulation that 
young fish entered the catch later in the sunnner . Significant variation (P < . 05) 
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for both first order interactions revealed catch success varied considerably 
between sampling stations each year and during the same intervals each year. 
The minimlDll C/E mean for the year station interact~on was< 1 spottail shiner 
at station 8 in 1972 while the maximum C/E mean was 3,543 at station 3 in 1972. 
Year-interval class means ranged from< 1 fish in the second interval in 1972 
to 3,882 in the fifth period. Obviously, a large portion of the significant 
variation in C/E mean for spottail shiner occurred in 1972 when both maximum 
and minimum catch values were recorded. 

Red Haw La~e. Bluegill and largemouth bass were the only fish species 
captured in sufficient numbers for statistical treatment. Bluegill were 
separated into age groups O and I with separate analysis for each group. The 
largemouth bass were all young fish. 

Overall catch mean of age O bluegill was 135 fish per haul, with yearly 
averages of 16 in 1971, 124 in 1972 and 264 in 1973 (Table 4). The increase 
in relative abundance was significant at the .01 level of probability (Table 5). 
Catch effort at the four sampling stations ranged from 84 at station 1 to 163 
at s t ation 4 (P > .05). The lack of significant difference between the sampling 
station means indicated rather uniform distribution of young bluegill resulting 
from the rather uniform type of habitat around the shoreline of the lake. 
Difference in catch success by interval was highly significant (P < .01) 
increasing steadily from 18 fish per haul in July to 283 in September. The 
highly significan,t (P < .01) year-interval class showed in addition to increasing 
catch success by interval, mean C/E values were different during each sampling 
interval in successive years. Means for the first order interaction ranged from 
no fish in the first interval in 1971 to 631 in the third period in 19'73. 

Catch means of age I bluegill were 7 in 1971, < 1 in 1972 and 68 in 1973, 
with an overall mean of 25 per haul. Catch means between years were significantly 
different at the 99% level. Nonsignificant (P > .05) differences between station 
means indicated continued homogenous distribution of age I bluegill, with catch 
means of individual stations ranging from 3 at station 1 to 36 at station 4. 
Catch success for sampling intervals was identical in July and August with 4 fish 
per haul, but in September the C/E mean increased to 67 (P > .OS). The highly 
significant (P < .01) year-interval interaction indicated the seasonal catch mean 
of yearling bluegill was not the same in all years. No fish were caught during 
the second and third sampling periods in 1972 while the maximum mean value catch 
of 198 appeared in period 3 during 1973. 

The mean overall C/E of age O largemouth bass was 2 fish per haul with a 
range of < 1 fish in 1971 to 5 in 1972. The samples showed the 1972 year class 
was significnatly more numerous than either of the other years. Nonsignificant 
(P > .05) differences among sampling stations indicated bass were distributed 
rather evenly along the shore with C/E averages ranging from 1 at station 3 to 
4 at station 1. Mean catch during the season decreased from 3 in July to 1 in 
August, followed by an increase to 2 in September (P < .05). There was a 
constant mean catch success of age O bass at all sampling stations during 
identical intervals each year (P > .OS). 

G~een Valley La~e. Age O bluegill, age O white crappie and golden shiner 
were caught in sufficient numbers for analysis in seine samples. 
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Table 4. Mean catch effort of fish in seine haul samples at Red Haw Lake, 
1971-73. 

Species Year July August September 

Age O bluegill 1971 0 13 37 
1972 36 153 183 
1973 18 143 631 

Mean 18 103 283 

Age 1 bluegill 1971 9 7 4 
1972 1 0 0 
1973 2 5 198 

Mean 4 4 67 

Age O Lm bass 1971 < 1 < 1 < 1 
1972 9 2 5 
1,973 0 < 1 2 

Mean 3 1 2 

Table 5. Factorial analysis of variance in the catch of bluegill and 
largemouth bass in seine haul samples at Red Haw Lake , 1971-73. 

Age 0 Age 1 Age 0 
Source of variation Bluegill Bluegill Lm bass 

Year ** ** ** 
Station NS NS NS 
Interval ** NS NS 
Year X station NS NS NS 
Year x interval ** ** ** 

** Significant at the 99% level. 

Mean 

16 
124 
264 

135 

7 
< 1 

68 

25 

< 1 
5 
1 

2 
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Yearly mean catch of young bluegill declined precipitously from 54 fish 
per haul in 1971 to 1 fish in 1972 increasing slig~tly to 4 per haul in 1973 
(Table 6). The overall catch mean was 19 fish per haul. The decline in 
relative abundance between 1971 and 1972-73 was highly significant (Table 7). 
Average catch effort values by station ranged from 16 fish at station 3 to 21 
at station 2, which were nonsignificant at the .05 level of probability. 
Seasonal mean catch success increased significantly (P < .05) from 3 fish per 
haul in July to 35 per haul in September. There were nonsignificant differences 
in catch means for the year-station and year-interval classes. 

The overall mean catch of white crappie by seine was 38 per haul. Yearly 
catch means were 4 in 1971, 111 in 1972, and 1 in 1973. The highly significant 
difference (P < . 01) in relative abundance was due mostly to high catch effort 
values in 1972. Mean catch effort at the sampling stations ranged from 8 fish 
per haul at station 2 to 97 at station 11. There was wide variation between 
station location, but the means were not significantly different (P > .05) 
showing a nearly homogenous distribution of crappie along the shore. Differences 
in catch success during the three month sampling period was highly significant 
(P > .01). The mean catch decreased progressively from 111 in July to 1 in 
September . The highly significant (P > .01) year-interval interaction indicated 
the magnitude of differences in mean C/E during the sampling intervals was not 
constant each year. Year-interval class means ranged from no crappie captured 
in the last two sampling intervals of 1973 to 319 in the first period in 1972. 

The overall mean catch of golden shiner in the seine samples was 14 with 
averages of 18, 25, and< 1 fish per haul in 1971-73, respectively. Differences 
in apparent abundance was highly significant (P < .01) due to the low catch in 
the last year. Nonsignificant (P > .OS) differences between the sampling 
stations showed almost even distribution of golden shiner in all habitats which 
ranged from 11 fish at station 1 to 17 fish at station 2. Mean seasonal catch 
success of golden shiner was 28 in July seine samples, declining to 6 in 
August and 9 in September. Catch success between month samples was significantly 
different at the 99% level. The highly significant (P < .01) F ratio for the 
year-interval classes indicated in addition to highly significant catch 
periodicity, abundance changed within each monthly sample regardless of the 
year in which the sample was collected. Minimum C/E means for this class was 
no fish in the last three monthly samples of 1973, while the maximum was 54 per 
haul in the first sampling interval in 1972. 

BobwhLte LaRe. Bluegill and largemouth bass catches were numerically 
adequate for statistical treatment of seine samples. Catch data of two age 
groups of bluegill, 0 and 1, and age O largemouth bass were analyzed. 

The overall catch mean of bluegill young was 25 per haul, with averages 
of 23 in 1971, 39 in 1972, and 12 in 1973 (Table 8). Changes in apparent 
abundance were highly significant (P < .01) and the strongest year class of 
bluegill occurred in 1972 (Table 9). Catch success means between sampling 
stations ranged from 19 fish at station 3 to 36 fish at station 4, with nearly 
equal distribution of young bluegill in shallow water (P > .05). Sampling 
interval catch means were nearly constant with 26 captured in July, 27 in 
August and 22 in September. Non significant differences among all first order 
interactions indicated mean C/E values remained constant for all sampling 
stations and intervals each year. 
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Tab le 6 . Mean catch ef f ort of fish in seine sampl es at Green Valley Lake, 
1971-73 . • 

Species Year July August September Mean 

Bluegill 1971 7 61 94 54 
1972 0 0 2 1 
1973 < 1 3 8 4 

Mean 3 21 35 19 

w crappie 1971 12 0 0 4 
1972 319 11 3 111 
1973 2 0 0 1 

Mean 111 4 1 38 

G shiner 1971 31 11 13 18 
1972 54 7 13 25 
1973 0 1 0 < 1 

Mean 28 6 9 14 

Table 7. Factorial analysis of variance in the catch of fi sh in seine haul 
samples at Green Valley Lake, 1971-73. 

Source of variation Bluegill w crappie G shiner 

Year ** ** ** 
Stati on NS NS NS 
Interval ** ** ** 
Year x station NS NS NS 
Year x inteIVal NS ** ** 

** Significant at the 99% level. 
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Table 8. Mean catch per effort of fish in seine haul samples at Bobwhite 
Lake, 1971-73. • 

Species Year July August September Mean 

Age O bluegill 1971 26 31 12 23 
1972 39 41 39 39 
1973 13 8 15 12 

Mean 26 27 22 25 

Age 1 bluegill 1971 2 0 1 1 
1972 3 1 0 1 
1973 6 1 8 5 

Mean 3 1 3 2 

Age O Lm bass 1971 3 1 1 1 
1972 2 1 < 1 1 

· 1973 0 1 2 1 

Mean 2 1 1 1 

Tab le 9. Factorial analysis of variance in the catch of fish in seine haul 
samples at Bobwhi te Lake, 1971-73. 

Age 0 Age 1 Age 0 
Source of variation Bluegill Bluegill Lm bass 

Year ** ** NS 
Station NS NS NS 
Interval NS NS NS 
Year x s tation NS NS NS 
Year x i nt erval NS NS NS 

**significant at the 99% level . 
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Age 1 bluegill had an overal l mean C/E of 2 fish per seine haul. Yearly 
averages were 1, 1, and S with the increase in rela ive abundance in 1973 
highl y s ign i ficant (P < .01). Average catch effort at the four sampling stations 
ranged from 1 at station 2 to 4 per haul at station 4 (P > . OS) . Seasonal catch 
distribution was not significantly different between mont hly sampling intervals 
(P > .OS). Mean catch effort was 3 in July, < 1 in August, followed by an 
increase t o 3 fish per haul in September. No significant difference was noted 
for the first order interactions. 

The overall mean for age O largemouth bass was slightly more than 1 fish 
per haul . Mean catch each year was also 1 fish per haul (P > • OS). Sampling 
s tation mean C/E showed a unifonn catch ranging from a mean of 1 at station 4 
to 2 bass per haul at station 1 (P > .OS). Seasonal distribution of the catch 
was nearly constant, varying by only one fish per haul from July through 
September (P > .05). Catch means for the first order interactions were not 
significant . 

FYKE NET SAMPLING 

Sp-l,tu,t Lak.e.. Adult black bullhead, yellow perch and walleye were taken 
in sufficient numbers to permit statistical analysis of the fyke net samples . 
111.e catch effort values were expressed as fish per net day (FND) where a net day 
was defined as a ~ingle net unit set over night during a one day peri od. 

The overall mean C/E of black bul lhead was 148 FND (Table 10). Average 
catch means by year decreased f rom 329 FND in 1971 to 92 FND in 1972 and 23 FND 
in 1973 . Catch effort means between years was hi ghly significant (P < .01) 
i ndicat i ng the decrease in relative abundance over the s tudy was of meaningful 
proportions (Table 11). Catch success means at the eight sampling s tations 
ranged from 98 FND at station 5 to 206 FND at s tation l. Significant (P < .01) 
differences between the station means showed bullhead distribution was no t equal 
in all areas of Spirit Lake with highest catch values occurring at stations 1 
and 2. Early June samples produced the highest C/E means of 341 FND followed 
by lowered catches in ear l y July to 42 FND . Success increased steadily there­
after t o 151 and 141 FND during the August intervals. The highly significant 
(P < .01) year-interval interaction showed inflections in the catch curve did 
not occur during the same interval each year. C/E means for t hese interactions 
ranged from 728 for the firs t period in 1971 t o 6 for period 3 in 1973. 

Mean yellow perch C/E in fyke nets was 8, 8, and 7 FND during the three 
years (P > .OS). Apparently the numerical abundance of adul t perch remained 
stable during this study. Mean C/E for the sampl ing stations ranged from 2 FND 
at stat ion 5 to 12 FND at station 6. The analysis of variance showed these 
means were significantly different (P < .01) . Perch were unequally distributed 
among lake habitats, and were most abundant at station 1. Catch success of 
perch increased gradually during June and early July, from 9 to 11 FND, followed 
by a decline to 5 FND in late August. Highly significant di f ferences (P < .01) 
in mean C/E for the year-interval interaction showed changes i n the catch curves 
occurred at different times during consecutive years. Highest catches was 
recorded in period 3 (19 FND) in 1971 and period 2 (11 FND) in 1972 compared 
to period 1 (18 FND) in 1973. 
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Table 10. Mean catch effort of fish in fyke net samples at Spirit Lake, 
1971- 73. 

June July August 

Species Year 1-15 16-30 1-15 16-31 1-15 16-31 

B bullhead 1971 728 209 43 193 423 376 
1972 222 147 78 59 19 29 
1973 73 21 6 9 10 18 

Mean 341 126 42 87 151 141 

Y perch 1971 2 11 19 11 4 4 
1972 7 11 9 6 9 7 
1973 18 7 6 1 5 3 

Mean 9 10 11 6 6 5 

Walleye 19'71 1 4 6 6 3 2 
1972 < 1 3 2 2 2 1 
1973 < 1 < 1 1 1 2 1 

Mean < 1 2 3 3 2 2 

Mean 

329 
92 
23 

148 

8 
8 
7 

8 

3 
2 
1 

2 

Table 11. Factorial analysis of variance in the catch of fish in fyke net 
samples at Spirit Lake, 1971-73. 

Source of variation B bullhead Y perch Walleye 

Year ** NS ** 
Station ** ** NS 
Interval *'* ** ** 
Year x station NS NS NS 
Year x interval ** ** NS 

** 
Significant at the 99% level. 
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The overall C/E mean of walleye in the fyke nets was 2 FND. Average C/E 
by year was 3 in 1971, 2 in 1972, and 1 FND in 197 with the difference 
significant at the .01 level of probability. Catch effort for the eight sampling 
stations ranged from 1 FND at station 4 to a high of 3 FND at station 2 (P > .05). 
Seasonal catch was unimodal, increasing from< 1 FND in early June to 3 FND in 
early July, declining gradually to 2 FND during the last interval in August. 
Neither first order interactions were significant. 

Re.d Haw La~e.. Bluegill, black crappie, black bullhead and warmouth bass 
were caught in sufficient numbers to permit analysis. 

Yearly averages of adult bluegill were 6 FND in 1971, 5 FND in 1972 and 
5 FND in 1973 (Table 12). The difference between these means was not significant 
(P > .OS) indicating a rather stable population of adult bluegill (Table 13). 
Catch effort at the four sampling stations ranged from 2 FND at station 1 to 
10 FND at station 3. Although the range in mean C/E of bluegill between stations 
was quite wide, the analysis of variance showed the difference was not significant 
at the 9S% level. Catch success for the monthly samples interval was bimodal. 
First, catch increased from 4 FND in April to 7 FND in May, followed by a decrease 
to 2 FND in June. The second mode occurred in August when C/E increased to 
9 FND, followed by a decrease to 3 FND in September. First order interactions 
were not significant (P < .OS) indicating rather constant mean C/E at all stations 
during the same sampling interval each year. 

Black crappie overall catch mean in fyke nets was 4 FND varying only from 
5 FND in 1971 to 3 FND in 1972 (P > .OS). Station 3 was the most successful 
netting site for black crappie with a mean of 7 FND. Lowest catch mean was at 
station 2 where success was 2 FND. Catch means at the different sampling 
stations were nonsignificant (P > . 05). Catch success by sampling interval was 
bimodal, with means of 1 FND in April, 3 FND in May followed by a decline to 
1 FND in June. The second mode appeared in September when success increased 
to a mean of 8 FND. Analysis of variance showed monthly catch means were 
significantly different (P < .OS), but neither first order class interaction 
was significant (P > .05). 

Catch means of black bullhead ranged from 1 FND in 1971 and 1972 to 2 FND 
in 1973 (P > .05). Mean catch success at the four sampling stations also varied 
only a small amount ranging from 1 FND at station 4 to 2 FND at station 3 
(P > .OS). Seasonal catch success decreased at a significant rate (P < .OS) 
from 3 FND in April to 1 FND in September. Catch effort mean values for bullhead 
were nearly constant for all sampling stations during the sampling intervals each 
year. 

The overall average C/E of warmouth was 1 FND with maximum average catch 
va l ues of 2 in 1971 and 1973. Mean C/E in 1972 was < 1 FND warmouth. There 
was also little variation in catch effort values between stations with the indices 
ranging from 1 FND at station 4 to 2 FND at station 2. Difference in seasonal 
catch success was significant (P < .OS) with the C/E means decreasing from 3 FND 
in April to< 1 FND in July. In September average catch increased slightly to 
1 FND. 

Gne.e.H Va.Lte.y La~e.. Black crappie and white crappie were the most 
numerous fish caught in fyke nets at Green Valley Lake and were used for 
statistical data treatment. 
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Tab le 12 . Mean cat ch effor t of fish in fyke net samples at Red Haw Lake, 
1971-73. 

Species Year April May June July August September Mean 

Bluegill 1971 4 12 1 3 9 6 6 
1972 5 4 3 11 5 2 5 
1973 3 4 3 8 11 < 1 5 

Mean 4 7 2 7 9 3 5 

B crappie 1971 1 1 < 1 2 12 11 5 
1972 1 1 2 3 3 8 3 
1973 < 1 8 1 1 7 5 4 

Mean 1 3 1 2 7 8 4 

Bullhead 1971 4 2 1 < 1 1 1 1 
1972 1 1 1 2 1 1 1 
1973 5 5 2 1 1 1 2 

Mean 3 3 1 1 1 1 2 

Wannouth 1971 4 < 1 1 < 1 1 2 2 
1972 1 < 1 < 1 0 < 1 < 1 < 1 
1973 4 5 < 1 < 1 < 1 0 2 

Mean 3 2 < 1 < 1 1 1 1 

Table 13. Factoria l analysis of variance in the catch of fish in fyke net 
samples at Red Haw Lake, 1971-73. 

Sources of variation Bluegill B crappie B bullhead Warmouth 

Year NS NS NS * 
Station NS NS NS NS 
Interval NS * NS * 
Year X station NS NS NS NS 
Year X interval NS NS NS NS 

* Significant at the 95% level. 
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The overall mean C/E of black crappie was 13 FND (Table 14). Catch means 
for the three years were 14 FND in 1971, 16 FND in 972 and 8 FND in 1973. 
Changes in catch indices were significantly different at the 95% level (Table 15). 
Ranges in catch effort averages at the four sampling stations were 11 FND at 
s t ation 4 and 15 FND at station 1. Analysis of variance showed no difference 
in C/E means between net locations (P < .05) indicating black crappie had little 
habitat preference and were fairly uniformly distributed. Seasonal catch success 
means increased from 19 FND in April to 22 FND in May; the catch decreased 
gradually from May through September when the mean catch was 5 FND. Both first 
order interactions were nonsignificant at the 95% level, indicating the mean C/E 
values were nearly cons tant at all stations during sampling interval each year. 

Average catch effort for white crappie was 17, 52, and 62 FND for 1971-73 
wi t h an overall mean of 44 FND. Significant (P < .05) differences in relative 
abundance were due mainly to the low catch success in 1971. Average C/E 
between sampling areas ranged from 23 FND at station 1 to 64 FND at station 3, 
but these differences were not significant. Catch success during the six 
monthly intervals increased from a mean of 51 FND in April to a mean of 87 FND 
in May , followed by declining success to a mean of 13 FND in August, and a 
slight increase to a mean of 16 FND in September. The difference in catch 
success of crappie between months was significant (P < .OS). 

Bobwhite. La.k.e.. Numerical catches of black crappie, white crappie and 
bluegil l in fyke net samples were analyzed. 

The overall mean C/E of black crappie was 8 FND with yearly averages of 7, 
16 and 1 FND (Table 16). These values were statistically different at the .01 
level of probability (Table 17). Mean C/E at the sampling stations ranged from 
4 FND at station 1 to 14 FND at station 4, with significantly (P < .05) more 
crappie being taken at the latter location. Difference in monthly catch means 
was also significant (P < .OS). Mean catch success in April was 9 FND with a 
sharp decrease to 2 FND in May, f ollowed by an increase in July to 20 FND. By 
September mean C/E decreased to 5 FND. The year-interval interaction was also 
significant (P < .05). The maximum mean C/E value in 1971 was recorded in 
August with 13 FND. The following year the maximum mean catch was in July with 
48 FND, although the mean in April was 24 FND. In 1973, the maximum value of 
2 FND was recorded in May samples. 

White crappie C/E average during the study was 98 FND . Catch means by 
years were 72 FND i n 1971, 155 FND in 1972, and 66 FND in 1973. The significant 
(P < .05) change in relative abWldance was due to the higher catch values in 
1972. Station C/E means ranged from 76 FND at station 2 to 120 FND at station 3. 
Analysis of variance showed these means were not statistically different (P > .OS). 
Catch success for the seasonal intervals was quite sporadic, with the highest 
mean C/E, 181 FND, reported in May and the lowest mean C/E of 41 occurring in 
August. However, the difference in catch periodicity was not significant at 
the .OS level of probability. Neither first order class interaction was 
significant indicating mean C/E remained fairly constant at all stations during 
sampling each year. 

The overall C/E mean of bluegill was 6 FND ranging from 5 FND in 1973 to 
8 FND in 1972. Catch success means at the four sampling stations ranged from 
4 FND at station 2 to 9 FND at station 4. Catch effort values for monthly 
periods showed no seasonal trend with the catches alternating systematically 
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Table 14 . Mean catch effort of fish in fyke net samples at Green Valley 
Lake, 1971- 73. 

Species Year April May June July August September Mean 

B crappie 1971 11 15 29 14 7 11 
1972 26 39 5 10 12 4 
1973 19 14 4 4 5 2 

Mean 19 22 13 9 8 5 

w crappie 1971 14 20 36 12 5 15 
1972 31 171 32 32 23 24 
1973 108 71 155 19 10 9 

Mean 51 87 74 21 13 16 

Table 15. Factorial analysis of variance in the catch of fish in fyke net 
samples at Green Valley Lake, 1971-73. 

Source of variation 

Year 
Station 
Interval 
Year x station 
Year x interval 

* Significant at the 95% level. 

B crappie 

* 
NS 
NS 
NS 
NS 

W crappie 

* 
NS 
* 

NS 
NS 

14 
16 

8 

13 

17 
52 
62 

44 
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Tabl e 16 . Mean catch per ef f ort of fish in fyke net sampl es at Bobwhit e Lake, 
1971- 73. 

Species Yea r April May June July August September Mean 

B cr appie 1971 1 2 7 11 13 6 7 
1972 24 2 4 48 9 10 16 
1973 2 2 2 2 0 0 1 

Mean 9 2 4 20 7 s 8 

w crappi e 1971 115 137 47 40 63 29 72 
1972 214 321 105 146 26 118 155 
1973 66 85 86 96 33 31 66 

Mean 132 181 80 94 41 59 98 

Bluegill 1971 4 3 8 3 13 3 6 
1972 7 3 11 9 15 2 8 
1973' 2 3 12 12 3 1 5 

Mean 5 3 10 8 10 2 6 

Table 17. Factorial analysis of variance in the catch of fish in fyke net 
samples at Bobwhite Lake> 1971-73. 

Source of variation B crappie w crappie Bl uegill 

Year ** * NS 
Station ** NS NS 
Interval * NS NS 
Year X station NS NS NS 
Year x interval * NS NS 

* Significant at the 95% level. 

**signifiq.nt at the 99% level . 
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between high and low values. The lowest C/E mean occurred in the last interval 
with 2 FND and the maximum mean values were 10 FND in June and August . No 
significant variations due to any of the factorial ~omponent was measured for 
bluegill sampling with fyke nets at Bobwhite Lake. 

EXPERIMENTAL GI LL NET SAMPLING 

Sp.,uz,i,t Lake . Only two f ish species, yellow perch and black bullhead, 
were captured i n sufficient numbers for evaluation of experimental gi l l net 
samp les . 

The overall mean C/E of yellow perch in gill nets was 44 FND with yearly 
catch means of 38 FND in 1972 and 51 FND in 1973 (Table 18). Analys is of 
vari ance showed th e differen~e between these means was not significant at the 
95% level (Tabl e 19). Mean catch at the t hree netting s ites ranged from 27 FND 
at s t ation 1 to 50 FND at station 3. The statistical difference between stations 
was also not significant (P > . OS ). Catch effort among the five biweekly 
samp ling intervals showed lit tle fluctuation. Numerical abundance in th e samples 
ranged from a mean of 48 FND in late June t o 39 FND in early August (P > .05). 

Table 18. Mean c.at ch effort of fish i n experimental gi ll nets at Spiri t Lake, 
1972-73. 

Species Year 
June July August Mean 
16-30 1-15 16-31 1-15 16-31 

Y perch 1972 40 36 32 31 so 38 
1973 57 54 59 47 38 51 

Mean 48 45 45 39 44 44 

B bullhead 1972 95 86 83 86 75 85 
1973 170 113 99 43 51 95 

Mean 132 99 91 65 63 90 
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Table 19. Factorial analysis of variance in the catch of fish in the 
experimental gill net samples at Spirit Lake, 1972-73 . . 

Sources of variation Y perch B bullhead 

Year NS NS 
St ations NS NS 
Interval NS NS 
Y~r X station NS NS 
Year x i nterval NS NS 

Black bullhead mean C/E was 85 FND in 1972 and 95 FND in 1973 (P > . 05). 
Fish were fairly evenly distributed among stations with C/E means ranging from 
67 FND at station 3 to 108 FND at station 2. Catch effort means for bullhead 
declined steadily from late June at 132 FND to 63 FND in late August. None of 
the main factors were found to cause significant variation in catch s uccess in 
experimental gill nets. 

Red Haw Lake. Experimental gill net catches were high for golden shiner 
and yellow perch with the catch of other species too small for statistical 
treatment. 

Golden shiner overall mean C/E was 27 FND (Table 20). Variance in catch 
effort between years was quite large ranging from a mean of 16 FND in 1973 to 
38 FND the previous year, but the difference was not significant at the 95% 
level (Table 21). Shiners were caught in nearly equal abundance at all sampling 
stations, with mean C/E of 34 FND at station 1 and 22 FND at station 2 (P > .05). 
There were significant (P < .OS) changes in catch periodicity, incre~sing frow 
an average C/E of 29 FND in April to 87 FND in May, followed by a substantial 
decrease to 12 FND in June. After that, mean catch increased from 4 FND in 
July to 23 FND in September. Neither of the first order interactions were 
significant sources of variation in catch effort (P >.OS). 

Catch effort of yellow perch in the gill net samples averaged 10 FND and 
varied from 9-11 FND. The constant mean catch success values indicated a stable 
population of yellow perch existed in the lake. Difference in mean C/E between 
net locations was not significant (P > .05) ranging from 11 FND at station 1 to 
9 FND a t station 2. Variation in monthly catch success followed no trend. Mean 
catch decreased first from 22 FND in April to 7 FND in May with higher success 
in June when the catch mean was 13 FND. During July and August, mean C/E was 
3 and 5 FND, and increased to 11 FND in September. These differences were 
highly significant (P < .01). The hi ghly significant difference of year-interval 
classes showed inflections in the catch curves occurred at different sample 
intervals each year. Highest mean catch success in 1971 (32 FND) was recorded 
in April, while mean C/E in 1972 was greatest (20 FND) in the June net samples. 
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Table 20 . Mean cat ch per effort of fish in experimental gill net samples at 
Red Haw Lake, 1972-73. • 

Species Year April May June July August September 

G shiner 1972 37 120 19 12 8 35 
1973 20 55 5 8 1 10 

Mean 29 87 12 10 4 23 

Y perch 1972 32 7 7 1 7 15 
1973 12 7 20 5 3 7 

Mean 22 7 13 3 5 11 

Table 21. Factorial analysis of variance in the catch of fish in the 
experimental gill net samples at Red Haw Lake, 1972-73. 

Sources of variation 

Year 
Station 
Interval 
Year x station 
Year x interval 

* Significant at the 95 % level. 

**significant at the 99% level. 

G shiner 

NS 
NS 
* 

NS 
NS 

Y perch 

NS 
NS 
** 
NS 
** 

Mean 

38 
16 

27 

11 
9 

10 

G~een VaLeey Lake. White crappie, channel catfish, golden shiner and 
walleye were captured i n sizeable numbers and were adequate to permit analysis 
of experimental gill net samples. 

Overall mean white crappie C/E for the study was 47 FND (Table 22). Yearly 
averages were 58 FND in 1972 and 36 FND in 1973 with no significant (P > .OS) 
change in apparent abundance (Table 23). Mean catch effort for sampling 
locations ranged from 38 FND at station 1 to 55 FND at station 2. Similar catch 
means were noted for white crappie at all stations (P > .OS). Monthly catch 
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Tab le 22. Mean catch per effort of fish in experimental gill net samples at 
Green Valley Lake, 1972-73. • 

Species Year April May June July August September Mean 

w crappie 1972 12 44 59 68 84 83 58 
1973 21 43 80 34 20 16 36 

Mean 17 43 69 51 52 49 47 

G shiner 1972 23 42 44 24 7 69 35 
1973 27 2 8 1 1 0 6 

Mean 25 22 26 12 4 35 20 

C catfish 1972 6 2 4 2 6 3 4 
1973 1 1 6 4 4 3 3 

Mean 4 2 5 3 5 3 3 

Walleye 1972 10 4 3 5 8 9 6 
1973 5 4 5 3 2 3 3 

Mean 7 4 4 4 5 6 5 

Table 23. Factorial analysis of variance of the catch of fish in experimental 
gill net samples at Green Valley Lake, 1972-73. 

Source of variation w crappie G shiner C catfish Walleye 

Year NS ** NS ** 
Stat ion NS * ** NS 
Interval NS NS * NS 
Year X s tation NS NS NS NS 
Year x i nterval NS ** * NS 

* Significant at the 95% level. 

** Significant at the 99 % level. 
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success means increased gradually from 17 FND in April to 69 FND in June, 
followed by an overall decrease to 49 FND in Septemqer (P > :OS). Neither 
first order interactions were significant at the 95% level. 

Yearly catch means of golden shiner wer-e 35 FND in 1972 and 6 FND in 1973, 
with an overall mean of 20 FND. The decrease in apparent abundance was highly 
si.gnificant (P < .01). Variation in catch success means between the two 
sampling areas was also significant (P < .OS). Catch effort at station 1 was 
14 FD, whi le at station 2 it was 7 FND, indicating shiners were not randomly 
distributed along the shoreline. Catch success means decreased between April 
and May samples from 25 FND to 22 FND followed by a slight increase to 26 FND 
in June. Mo t of the fish were captured in September when mean C/E increased 
to 35 FND. .mly and August had lowest mean C/E values with 12 and 4 FND. 
Range in catch means between months was rather large, but not significant 
(P > .OS). 1ne F value for the year-interval c l asses was significant at the 
. 01 level of probability (P < .01) revealing catch success varied considerably 
during the same sampling intervals each year. The highest mean catch value in 
1972, 69 FND, was recorded in September compared to 27 FND recorded in April, 
1973. 

Catch effort means of channel catfish a t Green Valley Lake in gill nets 
was 4 FND in 1972 and 3 FND in 1973 (P > .05). 111e numerical catch of catfish 
between Sd.Inpling stations was significantly different (P < .01) with means of 
2 FND at -~tation 1 and 5 FND at station 2. Catch effort means alternated monthly 
between high and low catches. April was high with a mean of 4 FND, while May 
was low with 2 FND, followed by 5 FND in June and August and 3 FND in July and 
September. 1ne significant difference (P < . 05) for the year-interval interaction 
showed seasonal catch means did not occur during the same interval each year. The 
maximum catch mean of 6 FND was noted during April in 1972 while the identical 
catch mean occurred in June of 1973. 

The catch effort mean for walleye in gill net samples was 5 FND. Yearly 
averages ranged from 6 FND in 1972 to 3 FND in 1973, and were significantly 
different (P < .01) showing a decrease in walleye relative abundance of 50%. 
Location catch success means were 5 FND at station 1 and 4 FND at station 2 
(P > . 05 ) . Seasonal mean catch success was 7 FND in April followed by decreasing 
success to 4 FND in July, then increasing to 6 FND in September. The lower mean 
catch rate in midsummer was not significantly different (P > .05) from other 
months. Nei ther first order class interactions were significant sources of 
variation in mean catch success at the 95% level. 

Bobwfu..,te Lake. Channel catfish, golden shiner, black bullhead and white 
crappie were the only fish species caught in adequate numbers to permit numerical 
evaluation of experimental gill net catches . 

Channel catfish C/E mean was 5 FND during the entire study (Table 24). Catch 
mean in the first year was 6 FND cc.,mpar ed with 3 FND in 1973, with the decrease 
in apparent abundance significanL a •. the 95% level (Table 25). Station C/E means 
were 4 FND at station 1 and 5 FNC . , station 2 with no difference in catch between 
the sampling areas (P > .OS) . Cat~:1 success by interval showed little variation, 
with a slight increase from a mean of 4 FND in April to 6 FND in May, followed 
by declining values to 4 FND in ,July . A slight decrease occurred in September 
to a mean of 3 FND. Catch effort wa :, nearly constant at each sampling station 
during the sampling intervals each year. 
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Table 24. Mean catch per effort of fish in experimental gil l net samples at 
Bobwhite Lake, 1972-73. • 

Species Year April May June July August September Mean 

C catfish 1972 6 9 9 5 5 4 
1973 3 3 2 4 7 1 

Mean 4 6 5 4 6 3 

G shiner 1972 234 92 57 72 29 48 
1973 34 21 31 15 13 1 

Mean 134 56 44 43 21 24 

B bullhead 1972 10 6 7 11 8 5 
1973 6 1 2 2 7 4 

Mean 8 3 5 6 7 4 

w crappie 1972 67 86 29 155 21 118 
1973 so 21 56 34 19 17 

Mean 58 53 42 95 20 67 

Table 25. Factorial analysis of variance in the catch of fish in the 
experimental gill net sampl es at Bobwhite Lake, 1972-73. 

Source of variation C catfish G shiner B bullhead w 

Year * ** ** 
Station NS NS NS 
Interval NS ** NS 
Year x station NS NS NS 
Year x interval NS NS NS 

* 95% Significant at the level. 

** 
Significant at the 99% level. 

6 
3 

5 

88 
19 

54 

8 
3 

5 

79 
33 

56 

crappie 

** 
NS 

* 
NS 
NS 
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Black bullhead had an overal l mean C/E of 5 FND during the study, while 
the average values each year were 8 FND in 1972 and 3 FND in 1973. The decrease 
in mean C/ E was significant at the 99% level. Catch.effort for netting sites 
was 5 FND at station 1 and 6 FND at station 2. Seasonal mean catch success 
decreased from 8 FND in April to 3 FND in May~ i ncreased steadily to 7 FND in 
August and decreased to 4 FND in September. A similar catch distribution was 
recorded both years (P > .05) . 

The mean C/E of white crappie was 56 FND with yearly av erages of 79 FND in 
1972 and 33 FND in 1973. The considerab le decline in catch was significant at 
the .01 level of sampling probabilit y. The mean catch at station 1 was 49 FND 
compared with 62 FND at station 2 (P > .OS). Mean catch success decreased from 
58 FND in April to 42 FND in June, followed by a large increase in July to 
95 FND. Catch effort in August decreased to 20 FND, then increased to 67 FND 
i n September. The analysis of variance for crappie catch effort showed mean 
monthly C/ E values were significantly different (P < .OS). Catch success at 
the different sampling stations during the same months each year was similar. 

DISCUSSION AND RECOM-1: ENDATIONS 

Findings in this study involving some causes for variations in the catch 
of fish with sampling gear we.re i n many ways similar to those reported by other 
investigators (Moyle, 1950; Moyle and Lound, 1954; Ridenhour, 1960). Foremost 
were the facts that apparent abundance of fish populations between years could 
be compared by using mean catch effort and the samples were sub ject to quit e 
large variations. The main questions resolved included determination if 
variations were actually due to changes in apparent abundance or directly 
related to sampling error . Both factors concomitantly prevailed many t imes; 
then the problem was to identify which was more important. 

The study approach was to develop lengthy fish populat i on sampling regimes 
using common types of gear used in several types of Iowa lakes and separate the 
unique contribution of several known variables to catch effort means. The gear 
evaluated included two stationery types, one which captured fish by entangl ement 
(gill net) and the other by entrapment (fyke net); and one encircling (drag 
seine) type. Each gear had certain advantages and disadvantages in manual use, 
which are rather well known and shall not be discussed at length in this report. 
Each type also had different effectiveness in diverse habitats. 

The sampling design and analytical procedure delineated the contribution 
of the main factors; sampling years 7 net location and netting interval to total 
variation in catch effort. Most important was variation in catch success 
between sampling years since this variable i dent i fied changes i n relative 
abundance, including year class strength fo r age O fishes. The reliability of 
catch effort statistics were greatly enhanced when variabi lity due to sampl i ng 
location and interval was contro lled or at least accounted for in the analysis. 

There are numerous causes for variations in catch effort of fish with the 
sampling devices tested other than changes in numeri cal abundance. Both gill 
nets and fyke nets rely wholly upon fish movement for capture and stimuli that 
either accelerate or attenuate movement proportionately change catch success. 
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Mayhew (1973) reported t hi s occurred commonl y with channel cat f ish caught with 
bai ted hoop nets and as sociated periodic changes in• the intensity of movement 
with seasonal spawning activity and paternal nest protecti on along with feed i ng 
activity . 

Catch effor t i n shallow water s a long shorelines , which was primar ily sampled 
by a l l gear, was grossly affected by nonrandom spatial distribution associated 
with the hab itat preference of fish and al so clumping f rom school i ng . In some 
ins tances the actual physical characteristics of the sampling s i t e was also 
important, particularly where bottom slope, rough substrate , or dense submer gent 
veget at ion hin der ed effectiveness of the gear . Habitat diversity and preference 
of t he different fi sh spec ies were most pronounced in Spirit Lake. Catch effort 
means were significantly different at the ei ght sampling stat i ons for al l fish 
species. For instance, in seine hauls young per ch were mos t numerous at 
sta t ion 8, young walleye at station 3, young crappie at s tat i on 5 and spottail 
shi ner at station 4 . For fyke net samples the physical char acterist i cs of the 
s ites may have been more i mportant, since minimum catch means of t he three fish 
species captured were recorded at stat ion 5, which was located near an area of 
gent ly slopi ng bottom with shallow water depths, but dense stands of emergent 
vegetati on . Fyke nets in the man-made lakes showed that t he sampl i ng location 
was a consistent source of variation in numerical catch success . Habitat 
diversity was not evident in these lakes and the similarity in catch means fo r 
nearly all types of gear at individual lakes indicated that even when habitat 
pr eference prevailed not many types were availabl e for selection . Al t hough the 
s eine sampling in this study was conducted i n daylight, the effects of schooling 
of fish might be minimized by sampling in darkness, especial ly for sight school i ng 
fish such as spottail shiner. 

By the simple s tatistical procedures pres ented in the study pl us multiple 
range t esting for least significant difference values , sampl ing sites can be 
systematically combined reducing the number required when no di f ferenc e exist s 
between catch means. However, some precaution is necessary bef ore combining 
s t at ions to make sure significant interaction with sample year i s ab sent. 
Assurance that inflections in catch means for individual sampl ing stations i n 
all years are similar is prerequisite before a number of stations can be combined. 
Accordingly, the number of fyke net stations for yellow perch i n Spi r it Lake 
could be reduced from eight to four by combining stations 1, 4, 7 and 8; and 
stations 2 and 3. Stations 5 and 6 must be maintained at t he same locati ons. 
Interaction between the year station classes was nonsigni fi cant with t he catch 
means for the first set of combined sites (stations 1, 4, 7 and 8) a lways 
greatest and station 5 always the lowest regardless of year. In contrast, the 
seine haul sites at Spirit Lake for age O yellow perch cou ld not be combined 
although multiple range testing showed catch means at stations 3, 4, 5 and 6 
were statistically alike because the year stat i on interaction was significant , 
and the magnitude of the catch mean in one year did not mean s i mi l ar va lues 
occurred in other years. Catch effort mean at station 3 was higher t han any 
other sampling station in 1973, but ranked near the lowest in 1971. Modes i n 
the catch curve occurring at different sampling intervals are al so likely t o 
cause significant differences in the interact ion classes . 

Sampling interval was a major source of variation in cat ch effort, 
especially for drag seine samples of young fish populations. Significant 
differ ence in catch means were recorded for all fish species with seines in a l l 
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lakes. The reason for the large variation in the abundance of young fish 
population is quite obvious . In early samples prioP to spawning there simply 
were no fish present. Later in the season they reached maximum density, usually 
fol lowed by a systematic decline from mortality. In sampling regimes with small 
mesh seines it is imperative that several intervals, preferably even ly spaced, 
are included to minimize the affects of catch periodicity. Spawning date and 
the f irst appearance of young in the samples caused significant variations in 
year interva l interactions and required evaluation before sampling intervals are 
combined in order to lessen the sample number. 

Catch means by sampling interval i n the fyke nets and gill nets was 
considerably less variable than seine samples; however, significant differences 
were noted for severa l fish species. The most pronounced variat ion was recorded 
for walleye in fyke net samples at Spirit Lake, and for crappie and golden 
shiner in man-made lakes. Experimental gill nets were not effect i ve fo r 
determinat ion of year class strength nor evaluating the effects of other factors 
on catch success in natural lakes. Samples for yellow perch and black bullhead 
indicated no significant differences in mean catch effort due to any of the main 
factors tested, where sampling with seines and fyke nets showed significant 
differences truly existed in apparent abundance as well as that due to other 
factorial components. Experimental gill nets were more suited for use in man­
made lakes, detecting significant differences in the abundance of wal leye and 
golden shiner at Green Valley Lake and channel catfish, white crappie, black 
bullhead and golden shiner in Bobwhite Lake . Gil l nets were somewhat l ess 
effective to detect changes in abundance in Red Haw Lake. 

Seine hauls, because of the small mesh size, was the only effective gear 
for sampling young fish and small forage fish species. This method was highly 
productive for evaluation of year class abundance for yellow perch, walleye, 
black crappie and spottail shiner in natural lakes; and bluegill and largemouth 
bass in the man-made lakes. Little disparity existed in the effectivenes s of 
seine hauls to sample fish populations in the three different types of artificial 
lakes. For instance, at Bobwhite Lake and Red Haw Lake, the seine haul data 
indicated a very strong year class of bluegill occurred in 1972. The following 
year the samples also showed this year class, age I, remained most numerous, 
and substantiated the reliability of seining fo r determination of year class 
abundance for small sized fish. 

Fyke nets were most effective for evaluating changes in relative abundance 
of adult populations, but variations due to station and sampling interval were 
more pronounced than with gill net or seine hauls. The gear was most effective 
for evaluation of walleye and bullhead population abundance in natural lakes 
and bluegill and crappie in man-made lakes, particularly in lakes where basin 
slope was not extraordinarily steep, such as Green Valley and Bobwhite Lakes . 

One of the most important elements to consider in experimental fish 
population sampling is the sample size required t o achieve certain l evels of 
accuracy and precision. Using conventional procedures sample size can be 
computed from the function 
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N = 

where, N is the sample size, tis the level of precision obtained from a 
standard t tab l e, s 2 is the sample variance, a is the level of accuracy, and y 
is the mean sample catch effort. The ana lysis of variance requires normal 
distribution of t he catch data. Normality was achieved by t ransformation of 
t he catch counts and determined subjectively by full normal plotting of t he 
residuals. The catch effort data were logarithmic transformed because standard 
deviations were usually proportional to catch means. 

As an example, the following was computed for catch data using fyke nets 
in Spirit Lake. Sample values were: s 2 = .1 21; y = .743; t = 1.96 (.05 level 
of precision at 143 df); and the level of accuracy= 10% or .10. Solving for N, 

N = (1.96)
2

(.121) = 84.5 or 85 fyke net days. 
[(.10)(.743)] 2 

Further sample size options at differ ent levels of accuracy and precision can 
be determined iteratively. Table 26 lists the number of samples required for 
accuracy levels of 50-95% and precision at the .05-.40 levels for the above 
r egime . 

Table 26. Sample size in net days required to achieve various levels of 
accu~acy and precision using transformed data for yellow perch 
caught in fyke nets at Spirit Lake. 

Level of precision 
Level of accuracy 

(%) .OS .10 .20 . 30 

95 221 166 125 94 
90 85 60 36 24 
80 21 15 9 6 
70 9 7 4 3 
60 5 a a a 

50 3 a a a 

aLess than 3 net days required. 

.40 

62 
16 

4 
a 
a 
a 
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Choice of sample size actually remains that of the investigator where 
manipulating the levels of accuracy and precis i on qepends mainly upon intended 
use of the data analysis. Sample size does not need to be as accurate and 
precise for preliminary fishery inventory work as f or intensive management or 
research work . The following levels are suggested for different types of 
fisheries invest igations~ prel i minary surveys, 60% accuracy and .10 precision; 
intensive management, 80% accuracy and .OS precision; and research, 90% accuracy 
and .05 precision. Using the previous Spiri t Lake data for yellow perch, the 
number of fyke net samples required would be 3 for preliminary survey, 21 for 
intensive survey and 85 for research. 

The most effect ive fish samplin g gear would have the highest catch effort, 
smallest vari ance and lowes t sample size . Results of this study showed quite 
clearly that a l l of these attributes in a single t ype of gear for each species 
are probab ly unattainable . Not onl y does the manual gear operation produce 
vari ability in catch success, but fish activity was an important source of 
error. The best approach to this problem seems to be fish sampl ing programs 
that utilize the most effective type of gear to minimize the effects of 
uncontrollable variables . The following suggestions are presented to make 
catch s tatistics in fish sampling gear more meaningful to several types of 
lakes in Iowa. 

1. For samples of all age and size groups, usl of all three gear is 
suggested, The most valid and comparable catch statistics with any 
two types of gear would be seine hauls and gill nets in man-made 
lakes and seine hauls and fyke nets in natural lakes. 

2. Seine hauls were ineffective in sampling adult fish population 
regardless of the seine dimensions . 

3. Fyke nets and experimental gill nets could not be used for sampling 
populations of young fish. 

4. All types of habitat in the lakes should be sampled to minimize the 
preference of different fish species. Sampling stations can be 
combined when catch means are not significantly different except when 
catch statistics on consecutive years are different. 

S. Sampling should extend over a lengthy period of time to minimize the 
effects of temporal variation, particularly for young fish. 

6. The three types of gear used in the study adequately determined 
differences in year class strength and changes in apparent abundance. 

7. Sample size should be calculated to prevent under sampling , which 
will not describe population characteri stics, and over sampling, 
which is wasteful. 
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APPENDIX A 

Species caught in all sampl ing gear at Spirit Lake , Red Haw Lake, Green Valley 
Lake and Bobwhite Lake . 
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GREEN VALLEY LAKE 

Walleye, Stizo-0tecU.on v,i;t/r,e.u.m 
Yellow perch, Pvr.c.a. olavuc.e~ 
B 1 a ck bu 11 he ad, I c.ta..e.wr..w., me.i.a.6 
Channel catfi sh, Ic.;ta,f,wr..UL> punc.tatUL> 
Black crappie, PomoX,<.,6 ru.gnomac.ulatUL> 
White crappie, Pomox..l-5 annula!U/2 
Largemouth bass, M,i,Mopte.11.M -0almoi.du 
White bass, MoMn.e clur..y-0op-0 
Yellow bass, Monone i.ntvr.nup-t:ul.i 
Bluegill, Lepom~ mac.Mc..h.br..t.l6 
Green sunfish, Lepoml6 c.yanel.e.UL> 
Carp, CypJu.~ c.Mpio 
Golden shiner, NotemigonUL> My-0oleu~ 

BOBWHITE LAKE 

Black bullhead, Ic.talW1.U6 me.i.a.6 
Channel catfish, Ic.;ta,f,U/1.U,6 pun~ 
Black crappie, Pomox..l-5 ru.gnoma.c.ulatUL> 
White crappie, Pomow annul~ 
Largemouth bass, M.,i,Mopte!l.UL> -0almoidu 
Bluegill, Lepoml6 maMO~ 
Green sunfi sh, Lepom~ c.yanel.e.U6 
White sucker, Cato-0tomU6 c.ommeJC.-Ooru. 
Carp, CypJu.~ c.a.npio 
Golden shiner, NotemigonUL> My-0oleuc.a-0 




