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ABSTRACT
SAMPLING PROBLEMS IN THE MICHIGAN CREEL CENSUS
by Howard D. Talt

The obJjectives of this study were the critical review of sampling
methods used to obtain catch records in the Michigan Intensive Creel
Census and the determination of procedures for measuring the precision
of estimates of the catch of fish per unit of effort, the total fish-
ing intensity, and the total cetch, Accurate and efficient sampling
methods are needed because the Intensive Creel Censuses conducted on
test waters provide a basis for fish manegement policies which affect
many lakes and streams in the state.

The results of intensive creel studies of two lakes in southern
Michigan ere presented in this study., Included are records covering
all angler activity (221h4 anglers) on Bear Iake in 1941 and partiel
census records obtained through & sampling program in the years 1947
to 1952, Bear Lake is a small leke in Hillsdale County. Similar records
are presented for comparison from & creel census of Pontiac Lake, which
is a lerge, heavily fished lake in Oeklend County (an estimasted 40,000
anglers fished on this lake during the summer season of 1948).

These records were examined for information'about the variability
of catch-per-hour data, and of angler- and boat-count data, to

determine the sample sizes required end to construct efficient schedules

for conducting other censuses on & sampling basis, Sources of bias and

factors affecting experimental design are jdentified and discussed.
The efficlency of estimating the average catch per hour per angler and

the sverage number of boats per hour by random sampling is compared




-

with the efficiency obtained by stratified rendom sampling with optimum
allocation, The effects of sampling from non-normal distributions are
also discussed, Methods for combining data and for computing confidence
1imits for estimates of total angler hours and total catch of fish are
reviewed, and the precision actually attalined for these quantities in
the census of a representative lake is presented.

Several conclusions and recommendations made in this study are:
(1) The method of stratified random sampling, with allocation of the
census effort among days according to the amount of fishing and the
degree of variebility of catch-per-hour and boat-count deta, 18 more
efficient than the method in which equal census effort is given to each
type of dsay.
(2) The number of angler contacts made in & schedule that includes three
half-days each week 1is usuzlly adequate for estimating the mean catch
per hour in the summer season but inadequate in other seasons,
(3) The poorest estimates in terms of confidence limits of the mean were
obtained for boat counts, and 1t is probably in this area that the
greatest improvements in the intensive census can be made,
(4) The non-normality of distributions of cetch data may be ignored in
comparisons oflmeans because sample sizes are large but should be con-
sidered when estimates of variance and statements of the probability of
events are mede.
(5) Methods for computing estimates of the average catch per hour per
engler should include provision for weighting samples according to

fishing intensity.
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INTRCDUCTION
Importance of Yield Studles

Yield studies have become an important tool of fishery research
and management., In fact, most of the problems which confront fisheries
workers are concerned with tﬁe measurement and interpretation of fish-
ing quality. If fishing is poorer than expected, that is, if the
quantity of fish removed and the catch per unit of effort are low, one
must examine the fish stock, the fish environment, and angler activity
in an effort to determine the cause., Usually this is accomplished, in
part, through one of the various forms of creel census, Catch statistics
and biological data gathered in & creel census reveal much sbout the
size and composition of the fish population in a lake and the portion
of the populetion removed by anglers. The returns to anglers are
usually measured in terms of the catch of fish per unit of fishing
effort, the total catch of fish and the number of asnglers sharing that
catch, and the total amount of time spent fishing. If creel studies
are continued over & period long enough to identify fluctuations of
fish populetions and variations in the catch, the expected yield to
anglers cen be esteblished. The success or failure of manegement
activities may then be Jjudged on the basis of returns to anglers.

Although creel censuses have had wide applicetion to fishery
problems the need stl1ll exists for the development of accurate and

practical means of estimating the yield by modern sampling methods.
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The Problem

The Michigan Department of Conservation, through 1ts Institute for
Fisheries Research, measures the fishing quality of certain lakes and
streams by means of an intensive creel census. The purpose of this
program is to identify changes in fishing success that may result from
new fPishing regulations and other manegement devices, The criteria
used to measure fishing quality are: the aversage catch per hour, the
proportion of successful anglers, the specles composition of the catch,
and the total number of fish caught. Additional data on age and growth,
on spawning success, and on the number of anglers are gethered to help
in the evaluation. The test lakes wunder census were selected as beilng
representative of Michigan wvaters. The results of investigations on
these lakes influence fish management policies in the state, Thus, it
is essential that accurate information be available from these lakes,
At present the yleld is estimated from samples rather than from a
complete creel census.

In this paper the sampling method used in the Michigan Intensive
Creel Census will be discussed, its sources of bias identified, and
an appraisal made of the precision of estimation obtained. Specifically,
an analysis will be made of the method for sampling to determine the
average catch per hour, the total fishing intensity as measured by
boat counts, and the total catch of fish. Certain problems assoclated
with each of these estimates will be considered, end methods for
computing confidence 1imits will be presented. Several practical
sampling schedules for collecting catch records will be evaluated on

the basis of the precision actually obtained.
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The Development of Creel Census Methods

The development and application of creel census methods are rela-
tively recent and have taken place for the mosi part since 1930.
Early interest in the subJject developed 1in response to questions sbout
the suitability of waters in which hatchery fish were being planted
and the desirsbility of fish stocking. The importance of angler catch
records as a measure of the success or failure of fish planting oper-
ations was recognized as early as 1927 in Michigan. In that year, tke
Department of Conservation initiated a system of collecting records to
determine the gquality of fishing. 3By 1934 there was & growlng awvareness
elsevhere of the need for a measure of the angler's catch (e.g., Clark,
1934). At this time fishery workers in California, Michigan, Minnesota,
New York, and Vermont were also attempting to learn more about the
supplies of fish in their waters from anglers. An early intensive creel
study of an individual body of water was carried out in Vermont on the
Middlebury River in 1933 (Lord, 1946). Eschmeyer (1935) studied the
£ish catch in a Michigan lake by means of a complete creel census
conducted by U, S. Civilian Conservation Corps ("C.C.C.") personnel.
He defined many precepts of creel census &s &n aid to fish management.
Needham (1937) elso emphasized the value of creel date and advanced
jdeas concerning census methods which are still appropriete. He stated,
"The measurement of the catch per unit of effort affords a definite
meens of determining the trend of the fishing in an intensively fished
Jjake and cen be based on an annual rapdom sample of the catch,” Needham
(ibid.) stressed that both successful and unsuccessful anglers should
be recorded and that enough records should be collected to be statisti-

cally representative. He recognized the importance of collecting
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data year after year, and also compared partial and complete creel
censuses,

Once the value of catch records was recognized and genersally accepted
as an appraisal device, creel census projects were organized in many
states and applied to many types of problems, By this means, for example,
Lord (1935) was sble to demonstrate over-intensity of fishing on &
Vermont test trout stream, Hazzard and Eschmeyer (1937), using & census
method, concluded that winter fishing was not generally hermful to
summer fishing in Michigan. In 1937 the results of other creel censuses
conducted in Califormnia, Wisceonsin, and New Hampehire were reported to
the American Fisheries Soclety. Hazzard and Shetter (1939) studled the
results of planting legal-size trout in the Pine River in Michigen by
an intensive system which covered a large proportion of all fishing on
the river during the study period. Also, in that year, Frey, et al.,
reported the results of & summer creel study of take and angling pressure
of two large Wisconsin lakes. Additional investigators have used catch
date to study the effect of moonlight and/or climatic conditions on
fishing success: e.8., Mottley (1938), Wright (1945), and Cooper (1953).

Several methods of conducting creel censuses evolved a&s various
investigators attempted to measure the yleld from fisheries in different
areas and under different field conditions, Each was characterized
both by positive values and obvious limitations and all are in cwrrent
use, The steps in the development of these methods seem to have been
in order as follows:

(1) VOLUNTARY. Initial efforts to learn something sbout the kind and
quantity of fish caught by asking fishermen to report voluntarily.
(2) COMPULSORY. Adoption of & compulsory system requiring that anglers

report their catch.
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(3) EXTENSIVE. Ir the extensive or general census, fishermen are
contacted from most types of waters over a large asrea, Few
records are obtained for & given body of water, but collectively
over a large area many returns are gathered,

(4) INTENSIVE. The need for exact information prompted adoption of
more detailed studies on certain waters. In intensive programs,
complete enumeration of all fishing activity is attempted,

(5) SAMPLING. Increasing demand upon aveileble funds and personnel
for census studies led to the development of sampling methods
for gathering catch information.

A discussion of this sequence and the investigators chiefly
responsible followse,

The earliest attempts to secure catch data depended upon angler
cooperation in a voluntary reporting system, It soon became apparent
thet a voluntary system would not always yield enough records for an
intensive study. Lord (1946) described his early unsuccessful attempts
to get angler cooperation and compared voluntary census returns with
records obtainable by use of a combination fishing permit and compulsory
statement on effort and success, In contrast, California early employed
a voluntary system of creel census,Croker (1937). Curtis (1940) compared
this voluntary system with mandatory ones, and discussed the reliability
of the estimates obtained, and the disaedvantages and uncertainties of
the procedure,

The compulsory permit system which grew out of the experiences
with voluntary angler reports has been eminently satisfactory and
continues to be & method of getting perhape the most complete and relisble

records which can be cbtained., This is particularly true when the
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method is used in conjunction with a strategically located and adequately
staffed checking station, It 1s costly, however, and is perhaps
undesirably restrictive upon angler activitiles.

The method of General Creel Census in securing catch records grpears
to have originated in Michigan in 1927 end has been continued to date.
With some modification, it has been used frequently in other states and
in provinces of Canada, In this procedure, conservation officers {and
et times, other workers) collect catch records from anglers in the field
from all parts of the state. Although data gathered in this manner
ylelds useful information about the geographic distribution of fish,
and indicates appargnt trends of fishing quality, they have rather serious
1imitations. The returns are variable and the low number of records
colleqted from any one water area allows only crude estimates of fishing
quality, end usually glves no information about the total yleld.

It may be said that the methods of intensive creel census were
developed to overcome the foregoing limitations., As previously indicated,
they are of two major types: complete censuses covering all angler
activity, and partial ones based on sampling programs attempting to
secure records representative of all fishermen, The analyses of the
fish catch by Eschmeyer (1935) were based on records obteined by a
nearly complete intensive procedure, C.C.C. enrollees, under supervision,
contacted npearly all anglers fishing Fife Leke in Michigan, All
anglers were observed and the small portion not actually contacted was
noted, Thus, the total yleld of f£ish and the efficlency of anglers
were both quite accurately determined.

Any widespread application of the complete, intensive method 1is

extremely costly, probably prohibitively so. As a result, various
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sempling programs were employed, but, for the most part, these were not
based on sound statistical procedures, It is probable that the results

of some investigations were unreliable and that the conclusions which
were made vere unwarranted because of this inadequacy, However,
investigators were usually aware of the need for improved sampling methods.
King (1939: p. 94) stated,"The complete census 1s being conducted on

only three streams this season, but we are attempting to cbtain represent-
ative samples of fishing returns op other streams vhenever possible,”
Hazzard and Shetter (1939) described ceasus records collected on the

Pipe River as not complete, but belleved them to be an adequate statistical
sample of the season's fishing. Eschmeyer (1939) cited personnel
capabilities as a factor which 1imited the comparative reliability of

data for the several years, Similar comments gleaned from fishery
literature typify the loose status of creel census sampling programs
during the period 1935 to 1941, "It is estimated that the catch records
are 95 percent complete,” "The data obteined seem reliable with reference
© distribution and size of sample” "....Both the creel census and the
Pishermen count are only approximately correcteee.,  etce Thus, some
early investigators were awvare of the possible applications of sampling
methods to creel censuses, Eventually, attempts to develop more precise
statistical treatment of census data followed,

Among the first investigators to apply statistical methods to creel
census date was Mottley (1938) who used the statistic "t" to test
differences in fishing quality during phases of the moon. Curtis (19k0)
considered the problem of non-response from anglers, The work of
Schuck (19%2) stands out because of his use of transformations to

pormalize data ané his adaptation of experimental designs, analysis
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of covariance, and the F-test of significance to yield studies. Wright
(1945), working on the effect of moonlight on fishing success, showed
the applicability of certain statistical methods to creel studies, He
peired catch-per-hour data from & partial census and studled the mean
difference with its standard error, and used a "t" test of significance.
Earlier Wright (1943) noted that in some situations catch-per-hour dats
can lead to erroneous conclusions unless statistically apﬁraised.
Tarzwell and Miller (1943) stunéd the amount and variation of fishing
in the lower T.V.A, reservoirs by & method of "gtratified” random
sampling. Sample counts were made, from & moving motorboat, of bank
end boat fishermen, and total fishing intensity was estimated, The
authors recognized the great variability in fishing intensity, in that
standard errors of mean counts varied from 8 to 100 percent of the
mean., They described (1943: p. 248) the sampling method as follows:
"In order to distribute equally all factors responsible for the variation
in fishing intensity, the period over which counts were made vas
tgtratified! by dividing 1t into 10-day periods during which tinme &
complete count of the three reservolrs wae made,.,"” By stratification
these workers weant that for each 10-day unit the section to be counted
and the day it wes to be counted were determined by drawing numbers,
This method enabled them to make three complete counts on each
reservoir per month., This use of the ierm "gtratified" 1s not in
accord with the accepted statistical meaning of the word, but thelr
jntent is clear, In general their work is en important contribution

to the development of methodology in this field. However, their
statements concerning standard error of the mean count are vague, and
more importantly the tabular data presented on the calculated number

of fishing trips seem to ignore the large standard errors,
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Some of the recent workers (e.g., Calhouny 1950, Moore, Cope
and Beckwith, 1952) concerned with yield studies have taken full ad-
vantage of modern statistical methods, being aware of the inherent
variability of catch data and errors involved in estimating the yleld,
However, many contemporary studies are still based on catch data
which at best are of limited application, Some workers apparently
resist statistics as a useful tool, and gather catch records without
recourse to sampling theory or methods. The results of such investi-
gations end the conclusions drawvn from them would elicit more
confidence 1f statements about the adequacy of the sampling program
and the precision of the estimetes obtained were included in the

published account.

Sampling Applied to the Intensive Creel Census

Method of Obtaining Catch Records

Several types of creel studies &are conducted on Michigan's lakes
and streams, including the General, Special Trout Stream, end Intensive
Lake Censuses, The Intensive Creel Census was designed to provide
facts ebout fish and fishing from the "tegt" lakes previously described,
A considerable portion of all fishing activity on these lakes 1s
included in the census, and estimates of the average catch per hour,
the total number of angler hours, and the total yield of fish, are
possible, On Michigan's test lakes, a census clerk contacts anglers
and obtains information on the pumber of hours spent fishing, the
pumber of each species of fish caught, the method of fishing, the kind
of bait used, and so forth. Each angler-contact provides information
about the catch per hour. The total number of angler hours spent on

the lake is determined indirectly through boat counts made at frequexnt
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intervals. Approximations of the total catch are derived from the
previously cbtained estimates of average cetch per hour and total
angler hour, The sampling method used and the portion of anglers
{nterviewed has varled gsomewhat during the several years that the
census has been in operation (see Christensen, 1953). At present the
days on which the census is to be conducted are selected systematically
(usually sterting with the opening day of the fishing geason), skip-
ping uniform gaps of days. Each day of the week appears in the sample
about equally during the season (Teble 1). Allowance is made for
days off (i.e,, vacation days for the technician) and at times the
schedulee are changed slightly because of unforeseen events, On the
days selected for census, the technician contacts anglers at random
as they complete their fishing trips and makes periodlic boat countse.
It is assumed that the days that are censused are representative
of all days. That is, the sample means cbtained on days when anglers
are contacted are unbiased estimates of the true averages for all
deys, Similerly, it is hoped thet the method of selecting anglers as
they leave the lake will result in unblased average values for the

catch per hour and the number of anglers per boat,

Varidbiliﬁzﬁof Catch Data

The precilsion and accuracy of geagonal catch records would not
be questioned if 1+ were prectical to obtain complete coverage of all
angler activity on & lake, The inherent variebility of yield data
would still remain to influence fiducial statements about the averages,
but if the objective 1s to ljearn how many fish are taken by anglers,
and at vwhat rate they are removed during e given period, then & complete

creel census will yleld exact information., However, if it is
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Table 1. Systematic Method of Selecting Days and Hours on Which to

Conduct a Creel Census

Hours of the Day

D&y of the A. M, P. M,

Week
ee 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10

Sunday ¥ X X X X X X X
Monday
Tuesday X X X X X X X X

Wednesday
Thursday X X X X¥ X X X X

Friday
Saturday X X X X X X X X

Sunday
Monday X X X X X X X X

Tueesday

Wednesday X X X X X X X X
Thursday

Friday X X X X X X X X

Saturdey

Sunday X X X
Monday

Tuesday X X X X X X X X
Wednesday

Thursday X X

Friday
Saturday X X X X X X X X
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considered in proper perspective as only one out of all possible creel
censuses of lakes under similar conditions, the complete census itself
becomes & sample., Hence, it 18 necessary to study catch records under
different conditions of fishing pressure and over several years, in
order to appraise the nature of their variability. It is impossible;
however, to measure the catch under all conditions of fishing pressure
beceause anglers may or may not be present to fish the study ares,
Experiments can be continued over & period of years to measure the
variation between years, but the conclusions drawn still contain the

element of probabllity.

Decision to Saqggg

If the fishing quality that a lake produces during an interval
can be estimated with chosen precision from a census of only part of
the fishing activity, it is obviously more efficient to conduct the
specified sampling procedure than to operate a complete creel census,
Further, if the amount of effort required to determine the average
catch and the total yield can be reduced, available personnel may cover
more lakes or perform other duties, The decision to sample 1s not
easy to make on the basis of efficiency alone, Perhaps only on large,
heavily fished lakes is the decision obvious, There, it is often
impractical to interview more than a small proportion of the anglers
because of the physical nature of the lake and the amount of fishing
activity. If anglers enter and leave a fishing area at many points,
or if there is an extensive development of cottages along the shore,
the aifficulty of contacting all anglers 1s extreme. These are obvious
considerations in & decision to sample, The relationships between

the variability of catch date, the desired precision of estimates, and
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the required sample size, are more ouscure but also cause concern,
Further, it will be shown thet a semple of the size needed to achleve
desired accuracy may be impossible to obtain,

Another consideration is the comparative expense of the two
methods, The cost of & sample census may be greater than that of a
complete count. The initial planning, execution, and analysis of
sample censuses require treatment by specially trained personnel, In
some situations these limitations, combined with the requirement of

large samples, may indicate that a complete census is most practicable,

Factors Governing Experimental Design

Three indices of fishing quelity and intensity--total catch, total
effort, and catch per unit 6f effort--are of primary importance in
the Michigan creel census., The number and kind of samples necessary to
estimate these indices largely determine the census schedule, Certain
other data relating to the species composition of the catch, the
distribution of angling effort and the type and success of fishing
gear used, are collected, but the sampling effort required for the
primary estimates will ordinarily be adequate for the less important
ones, The obJjective 1s a sampling program which will produce unbiased
estimates of all indices with usable precision and minimum cost.

If nothing is known sbout the population, samples of the anglers
and of the fishing effort should be selected by unrestricted random
sampling without replacement, but a pattern of stratified random
sampling can be used if separate strata can be identified, Stratified
random sampling results in practical census schedules for field
personnel, and may yleld a smaller variance of means and consequently
improved confidence limits for estimates, This 1s true because the

number of anglers varies between and within days (Figures 1 and 2).
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Figure 1, Distribution of Anglers by Hours During the Summer

Season, Bear Lake, 1941

Flgure 2, Distribution of Anglers by Days During the Summer

Season, Bear lake, 1941

Figure 3, Distribution of Anglers by Months, Bear Lake, 19k1
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Gains in efficiency may result from stratifying the population of
anglers by hours or by days.

The size of sample necessary, and therefore the number of hours
and days to include in the census schedule, will depend on the
variability of the catch data, the precision of estimating desired,
and the confidence level at which statements about the precision
will be accepted. For example, an estimate of the average catch per
hour may be desired within plus or minus one-tenth of a fish per
hour. That is, enough anglers are to be contacted to insure that
the probability is 0,95 that the true average is within 0.1 fish per
hour of the sample mean, This can be a rather exacting requirement
and such precision is often difficult to obtain in seasonal estimates,
The difficulty stems from the extreme variability of catch-per-hour
data, Even if all but & few anglers are included in the sample, the
uncertainty of the catch of the excluded anglers prohibits very
positive statements about the true average. Either the 95 percent
probability level, or the confidence interval of 0.1 fish per howr
will often have to be relaxed if adequate samples are unobtainable,
At this precision, the varisbility of catch-per-hour data may require

contacts with more anglers than are present during certain periods.

Sources of Blas

It is necessary to guard against bias in the selection of anglers
to include in samples, A sample is biased if certain anglers or groups
of anglers have a consistently better opportunity to be included then
do other anglers. The elimination of bias is important because the
error intrcduced is systematic and may be considerable., Its magnitude

is usumlly unknown and unlike sampling error it cannot be predicted
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with confidence limits. Two sources of bias will be discussed: the
census takers in the field, and the method of choosing the sample.

In theory, the anglers to be contacted for catch 1nformation are
choosen at random from the population of anglers on the lake during the
study period, In practice however, randomness may be difficult to
attein, It is often easier to contact some anglers then others, For
example, it is convenient to interview anglers at points of public
access to the lake, but these anglers may not be typical of all anglers
(Figure 4). They may be better or poorer fishermen on the average
than cottage owners or anglers fishing from boat liveries, and should
appear in the sample only in the proportion that they exist in the
total population of anglers. Therefore, one must be cautious about
securing samples at these locations to the exclusion of others,.

Intensive creel censuses are usually continued over several years
to learn something of the varisbility and changes in fishing that
occur with time. As these studies are continued cottage owners and
other local fishermen become familiar with the objectives of the census
and the activities of the census clerks., Most of them are then quite
cooperative in giving the desired information, some even to the point
of seeking out the census clerk so that he may record their catch,
Although such cooperation indicates public acceptance and interest in
the proJject, there is the possibility that bias can be introduced
into samples under such conditions. The cooperative anglers may
appear in the samples more often than would be expected if the selection
of anglers was entirely at random. Bias would occur if the success
of these cooperative anglers differs from thet of other anglers.

The manner of recording the amount of time an angler spends

fishing may be considered a source of bias, Fishing time can include
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the time actually spent fishing, i.e., presenting the bait to the fish,
or it may include time spent assembling tackle and traveling to the
angling site, The time to be recorded should be decided in advance
of the census and will depend on the type of study and to some extent
on prior knowledge of the fishery, Ususlly all of the time spent on
the water is included as fishing time or angler hours, Even though
there may be en inefficient fishing period during vhich anglers are
assembling tackle and traveling to their favorite fishing spots nc
adjustment for this time seems necessary. Angler behavior appesars to
be sbout the seme on similar lekes from year to year, and any error
introduced in catch-per-hour data by including a2ll angler time on the
water is probebly consistent in data being compared., It is important,
however, that the procedure be standardized for all study areas soO
data will be comparable,

The precision of measuring fishing time is seriously open to
question in any system which depends on the anglers' memory. Fishermen
ordinarily do not kmow, upon completing a fishing trip, the exact time
at which they started to fish,

The commonest bias in catch records resulis from failure to include
unsuccessful anglers in proper proportion., Feilure to do so will
produce inflated catch estimates. This type of error occurs chiefly in
voluntary angler returns. It 18 not likely to be as important in the
intensive census conducted by trained personnel, but certainly is
possible, It is & commonly observed fact in sampling methods that more
reliable results are obtained if the selection of individuals to appear

in samples is mechanical (tables of random numbers, etc.) rather than

left to the discretion of the observer,




2]l

Biass may occur yhen the schedule for conducting the census, i.€ey
the sample design, allows certain days or hours to appear consistently
more often than others in the sample., Fishing quality and the intensity
of fishing varies on a lake among certain periods of the day, and also
between days. The selection of days and hours on vhich to obtain
catch records, and the methods of combining date need careful consider-
ation if unbiased estimates of yleld are to be obtained. Probleme of
this type will be taken up in the following sectlions.

An estimete of the average catch per hour per angler is not only
an index to fishing quality but is very important in the calculetion
of estimates of the total catch of fish and total number of anglers.
Therefore, the problems of sampling and sources of biss in obtaining

this value will be considered first.

PROBLEMS OF OBTAINING CERTAIN ESTIMATES FROM

SAMPLES IN THE INTENSIVE CREEL CENSUS

Method and Problems of Estimating Average Catch per Hour per Angler

Method of Deriving Estimate from Field Data

There are two methods for computing the average rate of catch,
(1) In one method the number of fish caught divided by the number of
hours spent fishing is computed for each angler and then all such
records are summed for the season or other study period. This simple
arithmetic average of all individual catch per hour values is defined
as the average catch per hour per angler.
(2) In the other method the total sum of fish caught by all anglers
is divided by the total pumber of hours fished by all anglers, This

quotient 18 called the average catech per hour. of these two expres-

sions for rate of catch, catch per hour per engler 1s more useful
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because the variability of the data can be measured for use in statistical
analyses, For this reason it is used in the Intensive Creel Census &nd

in this paper. The method of computing the average catch per hour per
angler is not complex, but as will be shown in a subsequent section

the method of collecting catch records for the computation may affect its

sccuracye.

Examination of Assumptions and Problems of Method

A basic assumption of the sampling program is that the anglers who
are contacted for a sample of the catch per hour per angler are randomly
selected from all anglers fishing the lake, In other words, it is
assumed that an unbiased estimate of the true average results from tne
sample selected., Strict random sampling, however, will not necessarily
give the most useful estimates in terms of low sampling error. Although
the estimates so obtalned may be unbiased they might be highly erratic,
especially vhen the pumber of anglers contacted is low, Whenever
deviation from random sampling 18 undertaken the method should be
exemined for sources of bilas,

Three separate questions will be taken up in the following sections
concerning estimates of average catch per hour per angler.

(1) What is the most efficient sampling method, or schedule for con-

tacting anglers?

(2) How many angler contacis are necessary for & glven precision of

estimation?

(3) How should date be analyzed to adjust for disproportionate

sampling?l
In addition to these questions the precisilon actually attained 1n the

Intensive Creel Census on geveral lakes will be determined.
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Comparison of Efficiency and Sample Size Required for Several Sampling

Methods, Bear lake, 1941

Required Number of Angler Contacts Assuming Random Sampling. The pumber

of angler contacts necessary for estimates of the average catch per
hour per angler depends on, among other things, the varlebility of the
{ndividual catch-per-hour values encountered. It has been noted already
in this study that catch data are extremely variaeble and this variability
may be & limiting factor in the application of sampling techniques to
creel census studles,

It is possible to estimate the number of angler contacts that will
be necessary for an actual census if some advance informetion is avallable

about the variability of the catch data, From the relationship

t = (Snedecor, 1948: p. 457)

the sample size required for a given precilsion and confidence level may
be estimated., This relationship, rearrenged and solved for N, is
£2s2

N =
(z - m)?

vhere (¥ - m) is the maximum difference between the semple mean and the
corresponding population parameter m that will be tolerated in the study
at hand, and S2 is an estimate of the population variance (déﬁ from
previous samples, For a given precision of estimating end at any
significance level (e.g., t value equal to 1.96 at 5% jevel) the required
N will increase or decrease with s2 (Figure 5). In this procedure 1t

is assumed that the distribution of means 1is approximately normel. The

validity of this assumption will be discussed in & subsequent section.
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Figure 5., Relationship between the Required Number of Angler
Contacts and the Variance of Catch-per-Hour Data
for Various Limits of Precision and at the 95

Percent Confidence Level
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An advance estimate of the variance may be available from earlier
census work or from preliminery records gathered at the study area.

An estimete for Bear Lake of the population variance (,0'2) is avall-
able from the varience (S2) of the individual catch records, Appropriate
values were inserted in the familier formula for variance as follows:

22:12 - (ZE'X)a

g2 N
N -1

(1683)2
52 = Ll'808 - 181,4' - 1.79
1813

Therefore at the 99 percent confidence level and a precision of O,1 fish

per hour the required number of angler contacts is

g (26279 . 1m0
(0.1)2

At the 95 percent confidence level this required sample slze reduces
according to N = 688, and if one were to be satisfied with a precision
of +0.2 fish per hour, at the 95 percent confidence level, the sample
size is further reduced to N = 172. |

It is apparent that a large proportion of the anglers must be
contacted to attain a precision of 0,1 fish per hour 1if the sampling
approach 1s strict random sempling. Two reasons prompted investigation
of this veriance and the rather large required semple size: (1) some
increagse in efficiency of sampling may be possible if the components of
thié total variastion are considered; and (2) random selection of &

sample from the total population of anglers is not & practicel field

technigue.,
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Correction for Finite Populaetion. Cochran (1953) suggested & modification

of technique in estimating the required sample size where the sample

is a large fraction of a finite population. Cochran's method was applied
as follows to the Bear Lake 1941 data for a more precise estimate of

the standard error of the mean catch per hour and required semple size,

N is the required number of angler contects after correction of an

initial estimate Ng.

Ne __T© _ (Cochran, 1953 p. 56)
8]
1+
N = 688 = 1‘_99
. 688
17 181k

This 18 a considerable reduction in the sample size required for the

95-percent~0,1-fish levels assuming random sempling.

The Required Number of Angler Contacts Assuming Stratified Random Sampling.

A Pfurther increase in efficiency in sampling, i.e., more accurate estimates
for a glven amount of census effort and/or money, is possible if the
population of anglers can be separated imto categories or strata which

are more homogeneous than the entire populetion, Anglers fishing on

a lake are naturally stratified by days, and also may be separated into
various periods within days., If certain days are more or less homo-
geneous with respect to catch per hour per angler than are other days

of the week it might be advantageous to sample more or less often on

such deys. The days on which the f£ishing intensity is unusually high

are suspected of having more veriable mean catches than days of low

intensity, Usually, more fishermen appear on lakes on week-end deys

and holidays than on weekdeys, The complete census data for Bear Lake
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in 1941 were analyzed for variation between days and within days
(Teble 2). The number of angler contacts required during the summer
season assuming random sampling, and after correction for a finite
population, is 499 (from Cochran's formule, see above).

There are 7 days (Monday through Sunday) with 11 or 12 of each
occurring during the season, There are certain days on wvhich heavy
concentrations of anglers usually appear: opening day of the season;
ith of July; and Lsbor Day. These days are treated seperately here To
learn if they should be sampled more or less héavily than ordinary dayse.

Two methods of allocating the required 499 contacts among the 8
types of days will now be considered--equal allocation, and allocation

in proportion to both size and variability of strata,

Equal Allocation of Totel Sample. With equal allocation a total of

approximately 63 contacts would be mede on each type of day (499/8 = 63+).
The following computations concern the stendard error of the mean and
confidence limits of the mean for the 1941 Bear Lake catch-per-hour-per-
angler data after stratification by days. All catch-per-hour data

were analyzed separately for each type of dey to determine the mean and
variance of the respective strata. The variance of the total mean and

the confidence limits for mean catch per hour (Table 4) were calculated

by the following methods:

Confidence limits: ¥t tsf

2

1

1 Sh

vari : N, (N, - np) -2 (Oochran, 1953: p. 69)
ariance 5 E;E h (Bp h o ’

where N = the total population of 1814 angler records; Nj = the total

number of angler records in the dayp stratum; n;, = the size of the sample

from the dayy stratum; and Sh? = the variance of the dayy stratum.
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Table 2. Stratification of Bear Lake, 1941 Catch-per-Hour-per-Angler Records

by Days

Sunday Monday Tuesday Wednesday Thursday Friday Saturday Holldeays

Total
Number of 419 133 17k 159 217 295 283 134

Anglers
Np
Average
Catch per 0.88 1.07 1.02 0.9% 1.07 0.91 0.7k 1.00
Hour per
Angler

Variance 2.90 2.02 1.51 1.88 1.57 1.32 1.13 1.09
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The resulting confidence limits of 0,12 for stratified ramndom
sampling represent something of a loss of efficiency. Strict random
sampling produced a more precise estimate for the same total sample
of 499 contacts than did stratified random sampling with equal

allocation among days.

Optimum Allocation of Total Sample, The merits of allocating the total

sample among strata in proportion to the respective size and variability
of each stratum were considered next, Development of this method of
optimum allocation is credited to J. Neyman and is described by various
authors (see Snedecor, 1948: p. 460)., A further discussion and
application of Neyman sampling is included in this peper in the section
concerned with the allocetion of boat counts, Allocation of the 499
angler contacts by this method concentrated more sampling effort on
Sundeys and reduced the total number of contacts to be made on certain
veekdays and holidays (Teble 3). The variance of the mean catch was
calculated, again by Cochran's formula, and confidence limits of 20,97
were computed for the mesan (Table 4), This represents 2 3 percent
improvement for stratified random sampling with optimum allocation over
strict random sampling.

These comparisons shovw only & small advantage for stratified
sampling of the small, relatively homogeneous populetion of anglers
such as were encountered on Bear Lake in 1941,

The advantage of stratifylng catch-per-hour data from & lake on

which there is considerable fishing intensity was examined next,

Pontiac Leke in Oskland County is fairly large (585 acres) and

is located near a population center and thus receives heavy fishing

pressure.




Table 3, Optimum Allocation of Total Number of Angler Contacts Among

Days,Bear Lake, 1941

f;ﬁir g::ﬁﬁgn Number of Contacts
bey ziglers W
n T &, 0
Sunday (1) 419 1.703 713.56 148
Monday (2) 133 1.hk21 188,99 Lo
Tuesday  (3) 17k 1.229 213.85 k5
Wednesday (X&) 159 1.371 217.99 46
Thursday (5) 217 1.253 271.90 57
Friday (6) 295 1.149 338.96 71
Saturday  (7) 283 1.063 300.83 63
Holidays 134 1.0k 139.90 29
gg::infor 1814 s = 2386 N = 499
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Table 4, Comparison of Efficiency of Several Methods of Sampling to Estimate

Average Catch per Hour per Angler. Bear Lake, 1941, Summer Season

Strict Random Stratified Random Stratified Random
with Equal Alloca- with Optimum
tion Among Days Allocation Among

Days
Total Number koo hog haog
of Contacts
in Sample
Sg- 0.00260 0.00353 0.00248
Sz 0.0510 0,059k 0.0497
Confidence
Limits +0.10 0,12 0,097

Mean Catch 0.93 0.93 0.93
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Catch per hour records ere asvailable from this lake for several years,
but the creel census has been incomplete and so only samples are avall-
able for analysis. A treatment parallel to the above Bear Lake study
was acecorded the data for the 1948 summer season with some changes.

The modificetions were that the strate variances (Sh2) were estimates
calculated from samples and that the totel size of each stratum

(Np) vas estimated from boat counts, These estimates may be biased or
jnaccurate to some extent, but the same values were used for all three

sampling methods and are assumed to be comparable,

Size of Sample Reguired to Estimate AveraggﬁCatch per Hour per Angler,

Pontiac Lake, 1948, Assuming Random Sampling

An estimate of the required number of angler contacts 1is again

available from the reletionship of N and s2,

252 - (3.84)(1.66) _ 6371k
(% - m)2 0.01

That is, if the variance(52 = 1.66) of catch-per-hour-per-angler records
that were collected is taken as an estimate of population variance,

apnd if it is assumed that all anglers have the same chance of appesaring
in the sample, then the required sample size is 637, to obtain a
precision of 0.1 fish per hour at the 95 percent confidence level.

The mean catch per hour per angler in this example is 1,01 fish,

The total number of anglers is estimated to be 41,200 (Table 5) With
this large population the sampling ratio is negligible and the correction

for finite population 1is not applicable.
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Table 5. Computation of Estimates of Total Fishing Intensity by Da.ys} Pontiac

Lake, 1948

(1) Average
Number of

Boats per
Hour 120 35 25 33 17 ko 80

(2) Average
Number of

Anglers
per Boat 2.37 1.92 2.36 2.19 1.83 2.51 2,47

(3) Awerage
Number of
Anglers

per Howr
(1) x (2) 284 .4 67.2 59.0 72.3 31.1 123,0 197.6

(4) Angler
Hours per

Day
(3) X 15.5 4,b08 1,042 915 1,121 482 1,907 3,063

(5) Hours per

Angler
Per Day h.l h.’"‘ 105 ,"’ol 300 h‘os "".5

(6) Estimate
of Number
of Anglers

for Season '
(4)/(5) X 12 12,900 2,842 7,320 3,281 1,927 4,767 8,168 41,205
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Efficiency of Stratified Sampling by Days, Pontiac Lake, 1948

Estimates of the total number of anglers fishing each type of day
vere derived from Intensive Creel Census records (Tables 5 and 6).
These values for N, were substituted in the formula for variance of

the mean for stratified random sempling.

1
Var, ¥ = "2.—' 2 by, (8 -n) shg (Cochran, 1953: p. T72)
N h=l Dy

The 637 contacts, which is the number necessary for random sampling,
were first allocated equally among the various days of the week, For
example, & total of 91 contacts would be made on the Sundays during

the season. Thus, the n; values are equal in this application of the
formula, The value obtained for standard error of the mean catch by
this allocation is 0,0602, the confidence limits are #0.,12. This is
poorer precision than the *0.10 specified for strict random sampling.
However, the apparent loss of efficiency for stratified sampling with
equal allocation may not be real because the original sample was secured

more by stratified than by strict random sampling,

Optimum Allocation of Contacts by Days, Pontiac Lake, 1948

The total sample of 637 contacts was allocated among the days in
proportion to the total number of anglers and the standard deviation of

the catch-per-hour-per-angler records (Table 7)., These new values for

n, were substituted in the formula for variance of the mean of stratified

random sampling with the following result.

Standard error ¥giy = 0.04785

Confidence limits =:0,095
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Table 6. Stratification of Catch-per-Hour-per-Angler Records by Days. Pontiac

Lake, 1948

Sunday Monday Tuesday Wednesday Thursday Friday Saturday Total

Estimated 12,300 2,800 T5 300 3,300 1,900 4,800 8,200 41,200
Total

Number of

Anglers

Number of

Anglers
Contacted 208 66 117 118 28 200 232 969

Optimum
Allocation 305 81 100 75 23 126 21k 969

verage
atch per

our per
ngler 1.21 1.02 0.60 1.03 0.43 0.98 0.92 0.96

ariance 1.97 2.23 0.51 1.k0 0.37 1.85 1.82 1.66




Table 7. Optimum Allocation of Angler Contacts by Days, Pontiac Lake
1948

Day N, o Nhﬂ‘ n, = NhO‘(n/s)

Sunday 12,900 1.40 18,060 203 216 230 308 350

Monday 2,800 1.49 h,172 b7 50 53 71 81

Tuesday 7,300 0.71 5,183 58 62 66 88 100

Wednesdsy 3,300 1.18 3,894 hh W7 50 66 75

Thursday 1,900 0.60 1,140 13 1k 1k 20 23

Friday 4,800 1.36 6,528 73 78 83 111 126

Saturday 8,200 1.35 11,070 12k 133 1k 189 21k
N = 41,200 S=50,047 N=562 600 637 853 969
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Precision Actuslly Attalned in Estimating the Average Catch per Hour

per Angler in the Intensive Creel Census of Pontiac Lake during the

Summer Season of 1948, A total of 969 anglers were interviewed for

catch information on Pontiec Lake during the summer season, The schedule
for the census allowed about equal sampling on the different types of
deys, but there was a tendency for the technicians to make more contacts
on days when many englers were present, The distribution of those
contacts was thus somewhat in proportion to the fishing intensity, and
the over-all result of the schedule used was a nearly optimum allocation
of the 969 contacts among days.

An estimate of the precision actually attained was calculated from
Cochran's formula for variance of the mean of stratified random
sampling. For comparison the total sample of 969 contacts was stratified
among days with optimum allocation (Teble T7), and the variance of the

mean and confidence limits were recalculated (Table 8).

Table 8, Compasrison of Precision Actually Attained in 1948 in Estimat-
ing Average Catch per Hour per Angler and the Precision Possible by

Optimum Allocation

S5° S§ Confidence
limits
Actual schedule of contacts 0.00172 0.041h7T +0,081

Optimum allocation of contacts 0.00157 0.03962 +0,078
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The significance of these figures is, that although the sampling
schedule in 1948 tended toward optimum allocation and was more than
adequate to attain & precision of +0,10 fish per hour (it actually was
+0,081), still greater precision would have been possible if exactly

optimum allocation of the 969 contacts had occurred.

Amount of Reduction of Samg}e Size Egpivalent to the Reduction in

Confidence Limits Attained by Stratified Sampling with Optimum Allocation

The difference of 6 percent in the confidence limits of the mean
(0.100-0,094), as determined for stratified sampling with allocation z2nd
for random sampling, represents a gain in efficlency., This reduction

in confidence 1limits should be translated into an equivalent reduction

in sample size when the precision is fixed at 0,10, The equation for
sample size is
2 g2

Na 95
(X - m)2
where t and (X - m)2 are fixed values, and s2 is computed from the sample,
The S2 value 1.66 for Pontiac Lake, 1948, was determined from records
collected more or less at random, and the required N calculated as 637,
However, & new estimate of the variance is availasble after stratification,
The variance of the mean for stratified sampling is 0,00229. From the

relationship of the variance of the mean and the variance of the

2
population (S§2 = —;—)) $2 pecomes

S2 = NS?Q = 637 x 0,00229 = 1,46

This new estimate of S2 is substituted in the formula for sample size,




0=

2 a2
N = st . ézgﬂ;f_lzié = 561 (approx.)
% - m)2 (0.1)2

As a check on the adequacy of 561 contacts the sample was reallocated
emong the various strata as before, (Table 7) and the variance of the
mean recalculated by Cochran's formula for stratified sampling with
the following results.

S¢° = 0.00260

S

Y
Confidence limits = 10,10

= 0,051

Thus, for & fixed precision of +0,10, the number of angler contacts
required to determine the mean catch per hour is reduced from 637 to
561 when stratified random ssmpling with optimum allocation is assumed

rather than strict random sampling.

Effects of Non-Normality of Catch-per-Hour Data on Confidence Limits

of Mean and Estimates of the Varlance

In census work 1t is ususlly assumed that "normal statistics” are
applicable to the statisticel treatment of mean values, such as determin-
ing the standard error and confidence limits of the mean., A basic
concept of statistics is that if a populationis normally distributed
vith veriance 0‘2, the distribution of means of random sasmples of

size n from that population will be normally distributed with a variance

2
of a

n
It exhibits & marked positive skewness (Figure 6). The assumption of

The distribution of catch-per-hour data is not normal, howecver,

normality is used primarily to celculate confidence limits., A statement

that the confidence limits are T+ 1.96 Sy-considers the deviation of




Ty

Figure 6. Frequency Distribution of Catch-per-Hour-per-Angler

Data from Bear Lake, 1941
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sample mean values about the true population mean., If the mean values
are not normally distributed the variabllity of the mean will not be
accurately described by its standard error.

Fortunately, it has been well established that the distribution
of semple means tends to normality as the size of the sample incresgses,
(see, for example, Kenney and Keeping, 1951: Pp. 1k4), It 1s important,
however, that the size of the sample of catch records required for use
of the normal law theory be established, Cochran concludes that for
populations with positive skewness the sample should be at least

n) 25G12, where G is a measure of skewness,

N <
G = —2 Z: (v4 - ¥)3  (Cochren, 1953: p. 25)
Ne3 =1

For the Bear Lake (1941) data G} = 1.6, and N was computed as 64, This
means that at least 64 catch-per-hour records must be included in the
sample for assurance that the normal law theory is applicable, The
method used here for computing the skewness factor was suggested to
me by H, Carver, and is included (Appendix B). Further discussion of
this question is presented in & subsequent section on boat count
procedurés.

However, in statistical analysés jnvolving probability statements
about the parent distribution the degree of skewness must be considered.
If, for ex=mple, an estimate is desired of the number of anglers fall-

ing within a specified range on either side of the mean catch per hour

special methods must be used., In a normally distributed sample the

data is symmetrically grouped about the mean, and the interval X * 28

includes 95 percent of the data (X = mean and s = standard devietion).




8

To estimate the pumber of variates within & specified interval of the
X -m
)

and refer to a table of the normal distribution in stendard units (t -

meen one need only reduce the variates to standard units (t =

Table of normal areas and ordinates).

A differmnt treatment is necessary for skew distributions such &s
the distribution of the frequencies of different catch-per-hour values,
This distribution ie not symmetrical and the number of anglers who have
less than the mean catch rate is not equal to the number of anglers who
have more than the mean rate, In this case considerable error would
result if tables of normal areas were used, Instead, tables of areas
of Pearson's Type III Frequency Function should be referred to at the

appropriate level of skewness and value for t. (see Statistical Tables

by Harry C. Carver, 1940).

The effect of non-normelity of the parent distribution of catch
records on estimates of wariance 1s not as well known. Estimates of
the variance are used in two ways in this study: (1) to test whether
catch values and boat counts on certain days or hours &are more variable
than on others; (2) to compare precision of estimating obtained by two
methods-~strict random sampling and stratified sampling. The variances
of the catch records and counts of different days or hours will be
the basis for allocating the sampling effort among days or hours., In
these studies little difficulty is anticipated because of errors in
estimating the variance., This is true because the same estimates of
However, in other applica-

variance are used in & comperative manner,

tions some idea of the precision of estimgtes of the veriances may be

needed, Cochran (1953: P. 27) stated, "One effect of non-normality

is that the estimated variance 82 may be more highly verisble from

sample to sample than we expect if we assume that we are sampling from
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a normal distribution.” Further discussion is beyond the scope of

this paper. The reader is referred to Cochran (1953: p. 28) for a more
detailed explanation, The conclusion of that author is that the
precision of estimates of variance should be considered if that variance
is based on rather scanty data, In creel studies the number of records
is usually large and probably no important error is introduced in

estimates of variance by sampling from & non-normal parent population,

The Effect of Disproportionate Sampling Ratios on Methods of Analyzing

Datsa

An average catch-per-hour value, such 28 a seasonal average,
contains records from periods which are of varying fishing quality
and fishing intensity, Some thought must be given to the size of
samples cobtained during each period in relation to the number of anglers,
and to the method of combining records if erithmetic mistakes in
calculating averages are to be avoided,

Fishing quelity varies during the day, and the intensity of anglers
on the lake changes considerably (Figure 7). Catch-per-hour-per-angler
values mey vary in a consistent manner, with perhaps a high value at
a certain time, or may simply be erratic, Typically, the curve of
fishing intensity rises in the morning decreases about midday, and
reaches & maximum in the evening hours, Thus, each hour during the
day i3 not of equal importence in calculating the average catch per
hour. A simple example with hypothetical data may serve to 1illustreate
this,

Suppose that the average catch per hour per angler is desired for
one day, and further, suppose that the catch-per-hour values of the

few anglers on the lake in the morning are significantly different

from values in the evening when many more anglers are out (Teble 9).
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Figure 7, Total Number of Anglers Fishing at Various Hours and
the Average Catch Rate during the Summer Season,

Bear Lake, 1941
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Table 9, Hypothetical Catch-per-Hour Values of All Anglers for

One Day

Morning Period Evening Period

1.0 2.0
1.0 2.0
1.0 2.0
1.0 2.0
1.0 2,0
1.0 2,0
2.0
2.0
2.0
2.0
2.0
2,0
cos 2.0
2,0
2.0
2,0

o® e

2.0

[ R N J

2.0

1.0 2.0

ol
"
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(18 x 2) + (6 x1)_ 1.75;
24
it 18 not the average of two averages i.e., 1.0 + 2.0 = 1.5. This seems
2
too obvious to mention and yet it 1s easy to overlook this simple concept

The true average of all 24 anglers in Table 9 is

in compiling census data, Suppose that instead of recording &ll anglers
that fished on the lake during the dey only & sample was taken in the
morning and snother in the evening. Samples taken from these homogeneous
populations will yield adequate and unbiased estimates of the true mean

regardless of size., These values might appear in the samples selected:

X N
Morning period 1.0 1.0 1.0 1.0 1.0 &
Evening period 2.0 2,0 2.0 2.0 2,0 2,0 2.0 2.0 8

The true average for the day @as noted above is 1l.75 and not

(& x 1,0) + (8 x2.0)‘ 20 _ 1.66
12 12

The sample averages, weighted by the respective number of anglers each

period ylelds the true average, however, which is

4 x 1,0 8 x 2,0
20 (6) + —H— 8)

2L

= 1.750

The same result, of course, ensues if the size of each sample 18

proportionate to the total number of anglers each period, and the
simple average of all records is calculated. For example, 1f a

morning semple of Ny = 3 or 50 percent of the total of 6 anglers, and

an evening sample of Np = 9, which is 50 percent of 18 anglers, is

selected, the true average is attailned.
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(3 x 1.0) + (9 x 2,0)

12 = 1.75'

This exsmple has been oversimplified in that the question of adequate
semple size is not considered. Actual field deta are much more variable,
In practice, the effects of sampling and the need for weighting

averages are not so obvious as in the ebove example., Several factors

must be operating concurrently for apprecisble bias to be introduced
into computations of average catch per hour per angler, These factors
and the conditions under which they will produce bias in estimates are:

(1) VARYING FISHING INTENSITY. The number of esnglers must change
markedly during perlods of the day.

(2) CHANGING CATCH PER HOUR PER ANGLER. There must be a significant
difference in the recorded fishing quality (catch per hour per
angler) between periods of differing fishing intensity.

(3) DISPROPORTIONATE SAMPLE SIZE, The size of samples drawn from the
periods of differing fishing intensity must fail to be in proportion
to the total fishing intenslty each perlod,

Clearly, fishing intensity varies during the day. The distribution
of anglers by hours as obtained for Bear Lake (Figure T7) is found to
represent conditions on many lakes in Michigen. Eschmeyer (1936) found
essentially the same pattern of fishing on Fife Lake,

The fluctuations in fishing quality (catch per hour per angler),

however, are not 80 distinct, or as predictable., The Beer lake catch-
per~hour datea for 1941 show an erratic behavior between hours, but

with a distinct difference between the average for the morning period

and the average for the evening period.
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The number of anglers contacted may or may not be in proportion to
the total number of anglers present. On lakes which are 1lightly fished,
such as Bear Lake, the sampling ratio obtained seems to be nearly
constent. On large, heavily fished lakes sampling is conducted from
a wide range of fishing 4ntensities and the ratios obtained are not
constant, but decrease when large numbers of anglers are present (as in
Flgure 11). This is true because census clerks are unable to increase
the number of contacts beyond & certain jevel, The sampling ratios
actually obtained seem to vary with the lake in question. The physical
character of the body of water, the development of resorts, cottages
and liveries, and the attitude and behavior of anglers toward the
census opersation, all contribute to the ease or difficulty of obtain-
ing census records. Sampling ratios are also affected by variation in
the efficiency of clerks. Some obtain more records than others under
conditions which are apparently jdentical (Figure 9).

The Intensive Creel Census has been conducted on twelve lakes in
Michigen over a period of eight yeers. Considerable data are thus
available which indicate the number of angler interviews and the sampling
ratios that census clerks have obtained under different conditions.
This information provides & practical basis for setting up schedules,
and secondarily 1t is a means of evaluating the work performance of
the clerks in the field.

Boat count records and the slips on vhich angler contacts are
recorded were analyzed for Bear and Pontiac lakes for the years 1947 to
1952. The number of boats thet were included in the angler contact
slips for each dey wes tallied by hours of the day. Thus, on the hours
on which counts were mede of boats present on the lake, corresponding

information was availeble about the number of those boats that
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appeared in the angler contacts, This analysis was facilitated by the
method of recording data, All angler contact information for one

boat was combined on one record slip. This ratio of the number of
boats contacted to the number of boats counted is defined as the

gampling ratio in this study.

Example of the Sampling Ratios Obtained on & Lake with Low Fishing

Intensity and the Difference between Weighted and Unweighted Calculations

of Catch per Hour per Angler. The present method of conducting the

Intensive Creel Census at Bear Leke has resulted in a fairly constant
sampling ratio. The result is that little error is introduced in the
computation of average catch per hour per angler by & simple arithmetic
average of all records collected. A comparison of complete census data
for Bear Lake in 1941 and subsamples drawn fherefrom by the method of
the Intensive Census provides & measure of the adequacy of the method.
Before such a comparison can be made, howvever, 1t is necessary to
establish the size of samples that could be expected to be drawn from
such a population of records. No sampling program wes in operation at
the time the complete census was conducted, As an alternative, the
sampling ratios actually obtained on this jake in six later years when
a sampling program was operative, provide a vasis for subsampling the
earlier complete data (Figure 8)., It is assumed in this analysis that
the sampling ratilos established for boats holds for anglers also. The
average subsample size expected for a glven intensity of anglers was
interpolated for the 1941 datae from this curve (Columns 5 end 6,

Table 10). The additional data of Table 10 are a breakdown of numbers

of fishermen and their recorded catch per hour by hours of the 4day.

For exsmple, 1f an angler fished from 8:00 a.m. to 10:00 a.m. he




Figure 8., Six-Year Average Ratios of Boats Contacted to Boats

Counted, Bear lake

Figure 9. Comparison of Average Ratios of Boats Contacted to
Boats Counted Obtained by Two Census Clerks on

Bear Lske
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7able 10. Sample Size Selected for Bear lake, 1941, Data Based on Sampling Ratlos

Actually Attained In Six Later Years

Complete Census Data Sample Data
Time Total Rumber Average Number Average Catch Total Number Average Numbe:
Recorded Angler Hours Angler Hours per Hour per Angler Hours Angler Hours
Recorded for  per Day Angler for Season per Day
Season Expected in Expected in

Sample Sample

Col. 1 Col. 2 Col. 3 Col. Lk Col. 5 Col, 6

8 &.m. 381 3.12 1.20 268 2.2

9 a.m. 525 4,3 0.97 3h2 2.8

10 a,m, 597 4,89 0.99 366 3.0

11 a.m. 589 4,83 0.98 366 3.0

12 Noon 413 3439 0.97 280 2.3

1 p.m. 345 2,83 1.35 256 2.1

2 Pem. 388 3.18 1.25 268 2.2

3 P.l. 510 ,4’.18 1.19 329 2.7

b p.m. 667 5,47 1.15 403 3.3

5 Delle 713 5484 1.10 ho7 3.5

5 Pollle 813 6.66 1.16 L6l 3.8

T po.m. 945 TT5 1.10 525 4.3

g p.m. 989 8.11 0.83 537 b.h

9 P.m. 559 h’058 0.86 35,'I> 2.9
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appeared in the census at 8, 9, and 10 o'clock. The true catch per
hour of the complete dats is computed in the following manner (from

columns 1, 2, and 4, Table 10):

(381) (1.20) + (525)(097) + ee.o + (559)(0.86) _ 8928.5
381 + 525 + ceee + 559 - 8)"‘31"

= 1,06

From columns 1, 5, and I of Table 10 the average catch per hour computed

from samples drawn each hour 1is

(268)(1.20) + (342)(0.97) + seee + (354)(0.86) 5517.1
268 + 342 + ... + 354 5185

= 1,00

This close agreement between the true average and the subsample average

is almost too good, but it illustrates the effect of sampling in proportion
to the number of anglers present (Figure 10), This result was not
expected from & preliminary discussion of the problem when 1t was

thought that census clerks would not be able to contact a fixed

proportion of the anglers as more and more and more appeared on the lake,
Actually, the clerks are not able to maintain & constant sampling ratio

on more heavily fished lakes.

Exsmple of the Sampling Ratios Obtained on & Lake with High Fishing

Intensity and the Difference between Weighted end Unweighted Calculations

of Average Catch per Hour per Angler. Pontiac Lake was heavily fished

and more cetch records were collected at this lake than at Bear lake,

The sampling ratio curve, however, is curvilinear over part of the

wide range of intensities encountered (Figure 11). Clearly, the census

clerks were not able to sample in proportion to the number of anglers




Figure 10. Average Number of Boats Contacted and Boats Counted

by Hours, Bear Lake, 1947 to 1952
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Figure 11, Average Sampling Ratlos of Boats Contacted to Boats

Counted, Pontiac Lake, 1947 to 1952
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present when the greater concentrations occur. Under these conditions
considerable error cen be introduced in computations of the average
catch per hour per angler if the records from various periods are not
weighted by the respective intensities of anglers,

It is assumed in this analysis that the samples collected for
Pontiac Lake were adequate and unbiased, but the validity of this
assumption does not affect the significance of the following results,
This is & comparison of two methods of combining the same data, Once
estimates of the average catch per hour, total intensity, and the
sempling ratios have been made from the facts aveileble, they must be
used in the same manner as complete data,

Catch per hour data were assembled by hours for Pontiac Lake and
then the average catch per hour per angler for the season was computed
by two methods, In one of these trials, an unweighted average was
obtained by the simple arithmetic averaging of all records collected;
in the other, the weighted average was compiled by multiplying the
average catch per hour of each hour by the number of boats counted
during those hours., In this comparison differences between the weighted
and unweighted averages ranging from 3 to 20 percent were observed
(Table 11). It is clear that two separate values for the average of
catch per hour are possible, and that some thought must be given to
the method of analyzing catch records 1if arithmetic mistakes are to
be avoided, The need for weighting catch records has been demonstrated
here through an analysis of the intensity of anglers and thelr catch
by hours, Other occurrences of this error are possible. Records are
collected from different days and combined for & dally average,

Similerly, seasonal estimates are combined to form an annual estimate,

The need for weighting samples should be considered whenever catch records

are being combined.
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Table 11l. Comparison of Weilghted and Unweighted Computations of Seasonal Average
cetch per Hour per Angler for Pontiac Lake ., Weighted Values Were Obtained by
Multiplying the Mean Catch per Hour per Angler of Each Hourly Period as Obtalned
from Contacts by the Number of Boats Counted on the Hour, Unweighted Values Were

Obtained by Averaging the Catch Values Obtained Each Hour from Contacts

Year Average Catch Average Catch Amount of Percentage
per Hour per per Hour per Brror Error (Amount
Angler Un- Angler Weighted X, differs
weighted for for Intensity from X
Intensity _ o om XW)

Xuw xw e Xuwr
1948 1.024 1.058 - 0,034 3.0
1950 0.787 0.99%% - 0.207 20.8

1451 1.138 1.008 + 0.130 12.8
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Problems of Estimating Total Fishing Intensity

Method of Deriving Estimete of Total Angler Hours from Boat Counts

Fishing intensity, or number of hours spent fishing, reflects the
popularity of a lake among anglers and 1s related, among other things,
to the fishing quality. Furthermore, it is a useful factor in the
computation of estimates of the total yield of fish, The procedure
now used in the Intensive Census for estimating total angler hours
combines information from contects with anglers and data from boat countse.
The numbers of boats on the lake are converted to total angler hours

for the season in the following way.

Number &anglers Average number Length of Number of TPotal
(1) 1o comtacts x boats per hour , fishing  x days in _ ° 1
Angler
Number boats from counts day in season
in contacts hours Bours

Number of anglers Number of

Number of boats boats per
hour

For any given hour of the day the product

is equivalent to the total number of angler hours. This expression
obtains from the fact that an angler on the lake at one counting hour
represents one hour of fishing. But, the same angler may appear in
succeeding counts so the result of the foregoing equation (1) 1is number

of angler hours and not pumber of anglers.

Assumptions in Method

The procedure for estimating total angler hours is the most complicated
phase of the Intensive Creel Census in that many variables are involved.
Each of the factors in equation (1) is an estimate derived from samples,

except the number of days in the season, and each 18 therefore subject

to sampling error.
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The average number of anglers per boat ie determined from information
gained by the angler contacts and is the simple average number encountered
in the boats during these angler contacts. There is, however, some
possibility for error in the result caused by bias in the schedule for
angler contacts,

The average number of boats counted at intervals is presumably equal
to the average number of boat hours during the count interval, but some
discrepancy may occur if the opportunity for a boat to be counted does
not coincide with its elapsed time on the lake, This will depend, of
course, on the counting schedule and on the techniques used.

Shore fishermen and anglers gbroad during darkness are not counted.
Although the amount of fishing in these hours is believed to be &
relatively very minor part of the whole, it's quantity is not ascertained
in the Michigan Intensive method.

These assumptions and questions will be considered in the following

sections along with the important question of the number of boat counts

required,

The length of Fishing Day. The pumber of hours in the fishing day 1s

an important factor in the calculation of totael angler hours. In
computing total fishing time it is assumed that the data obtained during
census hours is representative of all hours included in the fishing dey.
The fishing day is defined broadly as the intervel of the day during

which fishing occurs. This is a varieble quantity from day to day and

changes with seasons. Some Tishing is done at all hours of the day

and night at some tilme during the season, but most anglers fish between

seven o'clock in the morning end darkness, It is practical to conduct

creel censuses during these hours of greatest activity, but rather




-65-

difficult to obtain records at night. OSome adjustment mey be necessary
to compensate for the portion omitted from the census if complete yileld
date are required. Apparently most fishermen who arrive before the
census clerk remain long enough to have an opportunity to appear in
samples, Some error is introduced into the estimate of total engler
hours by omitting the hours from darkness to seven in the worning. It
is advantageous, however, to establish a constant value for length of
dey in hours for each season. Error may be introduced in individual
calculations of total angler hours, but year-to-year data are more
nearly comparable 1if constant time limits are used.

A basis for determining the best value for length of day is found
jn the percentage of angler hours omitted from various census intervals.
If this portion is small, and if the catch rate during pon-censused
time is not different from the censused time, the estimate of total
angler hours may be ad justed by the appropriate percentage omitted.
This was determined graphically for the Bear Lake, 1941, data in the
following way. Curves were constructed by plotting the cumulative
percentage of all angler hours at verious hours (Figure 12). Thus, the
percentage of all angler hours included in a census starting at 8 a.m.
and ending at time of darkmess (9:30 p.m.) may be determined by
referring to the curve labeled 8 a.m. and will be found to be 86 percent,
This value is obtained by starting at the 9:30 pem. point on the 8 a.m.
curve and proJjecting across to the vertical scale on the left.

The length-of-fishing-day values used 1in the Intensive Creel

Censue are as follows.

Spring 14,0 hours
Summer 15,5 hours
Fall 13,5 hours

Winter 10.0 hours
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Figure 12, Percentage of Total Angler Hours Included in Various

Census Intervals, Bear Lake, 1941
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Thus, in compiling an estimate of total angler hours for the summer

season the inflatinn is:

Boats Anglers 15.5 Hours Number of
per X per X per b 4 Days in
Hour Boat Day Season

For the Bear Lake data 15,5 hours (6 a.m. - 9:30 p.m.) includes 95 percent

of all angler hours.

The Length of Fishing Season

The number of days included in each of the several seasons varles
only slightly depending on the fishing regulations operating from yeer
to yeer, The number of days jncluded in each season for computational

purposges in the Intensive Creel Census 1ln recent years is approximately

as follows,

Spring 56 days
Summer 83 days
Fall 76 days
Winter T7 days

The Discrepancy between Actual Total Angler Hours and Estimates of

Total Angler Hours Based on Hourly Counts

It is & metter of practical convenience to make angler or boat counts
on the clock-hour and at regular intervals. For an individual fishing trip
the time recorded by counts may be considerably different from the true

elapsed fishing time. If, for example, an angler fishes from 8:00 a,m, to

10:30 a.m, he would appear in the 8:00, 9:00, and 10:00 counts. If each

time he is counted is considered equivalent to one angler hour his f£ishing

time would sppear to be 3 angler hours, but the actusl elapsed time is
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2 1/2 hours., Conversely, if he had fished from 8:15 2.m. to 9:45 a.m.
he would appear in the 9:00 a.m, count only or one angler hour, but

the elapsed time would be 1 1/2 hours. Boat counts are not made
jnstentaneously. They may teke as much as 1/2 hour to complete,
depending on size of lake, etc, This tends to increase the probebllity
that an individual angler arriving at or leaving the lake other than

on the hour will correctly appear in an howrly count. It may thus be
assumed with reasonable safety that the discrepancies in estimating

the elapsed fishing time are compensating in the compilation of a

seasonal estimate of the average number of anglers per hour.

Frequency of Boat Counts Reguired to Estimate Average Number of Boats

per Hour
Several factors affect the number of boat counts that should be

mede on & lake to determine the average number of boats per hour. These
jnclude the variability of the numbers of boats present, the desired
precision of estimating the average number, and the confidence level at
which statements will be made about the precision attained, and also

the practical considerations of the amount of time and money avalilable
for the census, The obvious objective of the Intensive Census is the
most precise, unbiased estimate of the number of boats per hour possible
within the limits of time and money available,

The number of hourly boat counts that are required to estimate the
true average number of boats per hour for & given precision also
determines the number of census days required in the boat count schedule,
This obtains from the fact that only one count for & particular hour
can be mede each day. Boat counts could be made every 1/2 hour or 1/u

hour which would greatly 1increase the pumber of counts, However, this
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would not provide adequate sampling. The key point is that counts

must be made on & considerable number of days to cover the variation from

day to day, which will not be adequately covered by many counts on &

few days., A study of sampling methods for estimation of the average
number of boats per hour follows,

The complete census of Bear Lake in 1941 provides data for deter-
mination of the required number of times each hour should appear in &
schedule of boat counts and also provides a basis for comparing methods
of sampling.

Three methods for determining the number of counts required and
for selecting these counts are:

(1) Strict random sampling in which each count of the 1162 possible
counts has the same probability of being included in the sample.

(2) sStretified rendom sampling, whereby the total sample of N counts
is divided equally among the 14 hours (8 a.m.-9 Pem.) during which
boat counts are made, i.e., counts are made on N/14 deys at
8 a.m. picked at random from all days of the season, and on N/1k
days at 9 a.m. picked at random, etc.

(3) Stratified random sampling with the semple size of each hour in
proportion to number of possible counts and variability of each
houwr stratum. This is an application of the method developed
by Neyman and described by various authors (Snedecor, Cochran,
and others).

Eacn of these methods was applied to the population of Bear Lake records

for 1941 to learn whicﬁ was most efficient. The precision attaine%’for

several sample sizes, was the basis for comparison of the three methods.

Actually, this study was reduced to & comparison of two methods of

allocating sample size among the 14 hourly strate, because strict random

sampling is not & very practical field operation. The results of
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rendom sempling, however, served as a basis of comparison for gain in
precision of stratified sampling. As a corollary to this study by

hours, a study of the efficiency of methods of sampling by days followed.

Effect of Non-Normality (skewness) on Confidence Limits of Measn Number

of Boats per Hour and Sample Size. A sample consisting of N boat counts

dravn 2t rendom from the population of all possible counts provides an
estimate of the aversge number of boais per hour, Obviously, another
sample of size N would not be expected to yield exactly the same mean,
Repeated samples would form & distribution of mean values grouped about
the true population mean, When confidence limits are calculated for
the mean it is assumed that the means of repeated samples drawn from
the population are normelly distributed about the true mean, The
distribution of the population of boat counts is obviously non-normal
(Teble 12), but this can be ignored if the sampling distribution of means
approaches normality. It has been well established that such sampling
distributions approach normality with increasing sample size. The
conclusion of Carver (1930) is that if the sample N is fifty or larger
and the population at least ten times N, the parent population can be
ignored. The number of boet counts made in & season umually is greatar
than fifty, and the total number of possible boat counts exceeds ten
times N so Carver's conditions seem toO be satisfled.

Another "rule-of-thumb” for determining how large N is requlred

for use of the normal approximation was suggested by Cochran (19533 p. 25)

as? 2
N >25G;

where Gj is a measure of Bkewness and is calculated as

N

1 -
Z (yi - ¥)3. (Cochran stated p. 25):
Ng3 i=1
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"This rule is designed so that a 95 per cent confidence probability
statement will be wrong not more than 6 per cent of the time.”
G] = 2.1l was computed for the Bear Lake (19%1) angler count data

following the method of Cochran, &nd
N =25 G2 = 112

Therefore, in order for the normal approximetion to hold for the
specified confidence limits of the mean, at least 112 counts should be
included in samples drawn at random from the Bear lake data, This

requirement is easily met in drawing up boat count schedules.

Sample Size for Given Precision Assuming Rendom Sampling. Simple random

sempling means that every possible hourly count during the season should
have the same probability of being included in the sample consisting
of N counts. Cleerly, such random sampling is impractical when one
considers the field application of these studles, but a first step in
a comparison of sampling methods is a consideration of results of simple
random seampling from this populstion, The question to be answered is--
how many counts must be included in a sample to determine the average
within prescribed limits if hours to be counted are picked entirely at
random? The same question may then be asked sbout stratified random
sampling.

Without previous experience to dictate needs, a preclsion 1s chosen
in this study of 0.22. That is, the semple mean is within +0,22 of
the true meen unless a 1 in 20 chance has come off., If this precision

18 unnecessary Or unattainable it can be relexed later, The equation
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2.2
N = (it SM)2 (Snedecor, 1948: p. 457)

gives the required sample size,

The average and variances of all counts (see Table 12) are

X = 4,47 anglers/hour
S2e 21.87

and the sample size at the 5 percent level is

N = (1.96)2(21.87) = 1735 counts
(0.22)%

whereas, & precision of +0.45 of the mean requires only

o (1.96)2(21.87) . 20
(0.15)2

The velues 0,22 and 0,45 for precision of estimating the means are equal
to 5 and 10 percent of the sample mean. This does not mean that N
determined here will be adequate for 5 percent or 10 percent of all

mean values.

Apparently, & precision of 5 percent of this mean 15 not attainable
assuming rendom sempling of these data for there are only 1162 counts
possible, A precision of +10 percent of this mean, suggesting & required
rendom sample slze of N = 420, will therefore be a starting point and
any reduction in the sample size or improvement in precision possible

by stratification will be considered a galn in efficiency.
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Correction for Finite Population. Instead of computing the variance of

2
the mean of & random sample from the relationship s2 =.%;_ which applies

to an infinite population, Cochran (1953: p. 17) suggested the added
factor of (N-n)/N for the verience to correct for & finite population.

He stated also in the same place, "In practice the fpc [fpc 1s the finite
population correctioé] can be ignored whenever the sampling fraction does
not exceed 5 per cent, and for many purposes even 1f it is as high as

10 per cent., The effect of jgnoring the correction is to overestimate

the standard error of the estimate ¥." In the present study, the sampling
ratio is considerable, and thus the appropriate formulee for standard

error of the mean and for confidence limits are:

Standard Error S N -

of Mean: 53 = Y 5] = (Cochran, 1953: p. 19)
Confidence T - 7+ ts N - n (Cochrsn, 1953: p. 20)
Limits: —

The correction factor N;n also affects the technique for estimating

rapdom ssmple size, By the method suggested by Cochran (pe 56) & first

approximetion (N,) to the required gsample is made in the usual menner.

No = %252  _ 400 (in this study) If the

sampling ratio 1is negligible then Ky = 420 counts is the appropriate sample

size assuming rendom selection of hours on which to make the counts,.
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420
1162

The sampling ratio is large, however, and the correction for

finite population ls needed,

No — = (Cochran, 1953: p. 56)

N= 1420
k20

+ o—
1162

= 309

Thus, the apparent required sample size, assuming random sampling, is

reduced appreciably by applying Cochran's finite population correction.

Gain in Efficiengxwgy Stratified Random Sampling. From a theoretical

approach & gain in efficiency (increase in confidence limits of estimate
of means for a given sample slze) may result from stratified sampling
if a heterogeneous population can be separated into strata which are
more homogeneous within themselves than the total population,

The hours of the day are convenient intervals for boat counts and
form netural strate for analysis of variation. Furthermore, stratified
sampling is more applicable to the field operation of a creel census
than strict random sampling.

This possibility of a gain in efficiency was explored in the Bear
Lake data by tallying angler counts from the original complete census
by hours of the day, and computing the mean, variance, and standard
deviation for each hour. The distribution of angler counts by hours,
the averages for hours and respective varilances, and certain other data
from Bear Lake, 194l are included in Teble 12. For the purposes of

this study the behavior of statistics of angler counts was assumed to
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be the same as for boet counts, Thus, the numbers of anglers on the

lake at 8 a,m, on 83 different days form the distribution of counts in
the 8 a.,m, stratum, Each of these hourly strata will contribute to

the total variance. If the variances of the individual strata differ
greatly, each stratun should be sampled separately to reduce the

total variance, The resulting total variance of the mean, or more
properly, the standard error of the meean, is a basis for deciding vwhether
or not such treatment is desired. The equation for the variance of the
mean estimate for stratified random sampling is

1 2
Var. ¥ = V(Fg¢) = —;3 gl Ny (Np - ny) -ﬁsﬁ— (Cochran, 1953: p. 69)

For example, values for the Bear Lake counts are:
2

S
var. y = —1__ > 83 (83 - 22) = 0.0k53
(1162) 22

where Sh2 is the variance of each hourly column of Table 12, This
computation was greatly simplified because the N, were all equel to 83
days, and by the further assumption of equal allocation of the total
sample size N = 309 among the 14 hours., The 95 percent confidence

interval for the mean for stratified random sampling is

y - 1.961/ 0.0453¢Y<F + 1.96Y 0.0453 and the confidence

limits are ¥ + O.42. This result indicates that stratified random
sampling from Bear Lake 1941 data produced lmproved confidence limits

over strict random sampling with the same totel sample size (Table 13).
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Table 12. Frequency Distribution of Anglers by Hours, Bear Lake, 1941

Number 8AM 9AM 10AM 11 AM 12 N1 PM2PM3PMLULPM5PM6FPMTPM8PMOFM Total
Anglers Freq.

226
119
172
108
103
80
63
66
Lo
35
21
2k
16
20
13
12

11 5
6 6
13 10
10 11

37 27 18
11 13 12
1+ 13
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Total 82 83 83 83 83 83 83 83 83 83 83 83 83 83 1,162
X 2.86 3.75 Loho k.63 3.36 2,08 2,28 3,14 4,35 4,89 5.61 6.64 8,1k 6,36 b W72
52 10.1 20.0 2T.5 26.7 2.4 10.2 6.8 10.2 17.9 18.7 18.9 25.8 22.3 28.8 21.87

3 3,18 L4 b7 5.24 5,17 4.73 3.19 2.61 3.19 4,23 4,32 4,35 5.08 4,72 5.37 4.68
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Table 13, Comparison of Standard Errors and 95 Per Cent Confidence Limits of Mean
Number of Anglers Per Hour by Three Methods of Seampling for Several Sample Sizes,

Bear Lake, 194l Data

. Stratified Random with
Stratified Random with Allocation Proportional

Sample Strict Random Equal Allocation to A &nd 'O
3ize - Conf, o Conf, o Conft.
N Si Si‘ Limits Si Si Limits Si Sx Limits
70 0.312 0,559 +1.10 0.2550 (C.505 +0.99 0.2417 0492 +0,96
140 0.121 0.348 10,68 0.1195 0.346 $0.68 0.1140 0.337 +0.66
308 0.052 0,228 10,45 0.0453 0,213 10,42 0.0428 0,207 0,41
420 0.033 0,182 £0.36 0.0289 0.170 +£0,33 0.0273 0.165 0.32

700 0.012 0.111 *0.22 0.0108 0,104 20.20 0.0097 0.098 10.19
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Allocation of Sample Size Among Hourly Strata., There are theoretical

grounds for allocating the total sample size among the various hour
strata in proportion to the variability of the respective strata,
Kenney and Keeping (1951: p. 155) attribute the development of these
methods to J, Neyman as follows: "It has been shown by J. Neyman16
that in stratified sampling the variance of the mean is least (and
therefore the mean 1s most accurately estimated) if, for a fixed total
sample size, the nj are proportional to N; ¢;. If this condition is
satisfied, and if‘the cost of teking the sample is proportional to the
sample size, the sampling is optimum, in the sense that the greatest
possible accuracy is obtained for a fixed cost.” Thus, the sample size
in & stratum should be proportional to the size and to the standard
deviation of the stratum. It is somewhat intuitive that a larger
sample is needed in a more varilable population than in a less variable
one,

This foregoing theory may have important application in determin-
ing the required number of boat counts if there are considerable differ-
ences in veriesbility of counts between hours or between days., The
gain in efficiency may warrant estimating the variances of the strata
separately and allocating the total sample size accordingly.

The merits of this method were partially determined by allocating
sample sizes in the Bear Lake data in proportion to the respective
values of 0 . (Table 14), The procedure followed here is more fully
developed by Snedecor (p. 460) and Cochran (pe TH).

The equation for variance of the mean of stratified random

sampling already used in the preceding section is applicable here also.

The Nh values are constant in this case because the strata are all

the same size because 83 counts were possible at each hour of the day
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for the season as & whole, Another minor difference 1s that the calculation
involves separate N, entries for each stratum (Table 14)., The value for
variance of the mean obtained by the equation for a total sample of

n = 309 is

s. 2
var (F¥.,) = —L 83 (83 = n,) B = 0,0428
st (1162)2 Z 27 ng

which allows confidence limlts of

F t 1.964/0.0428 or ¥ £ 0.41,

vhich in turn is a relatively small increase 1n efficlency over stratified
random sampling with equal size strata,

Small gains in efficiency were noted for a total sample of 309 in
favor of stratified sampling with allocation by hours, Other total
sample sizes were treated in the same way to see if gains were stable
over different amounts of census effort (Tebles 13 and 14), The total
sample N = 140 approximates the number of boat counts usually made on

the Intensive Creel Census in recent years,

Gains in Efficiency by Stratificetion of Counts by Days. The range of

variences of angler counts by deys es calculeted for the Bear Lake 1941
data (Teble 15) suggests that greater gains in sampling efficlency

are possible through stratification by days and by allocation of the
census effort than were possible vwhen the stratification was by hours,
Accordingly, the total sample of 308, which is the approximate number
of counts necessary for e precision of X + 0.45 assuming strict random

sampling, was allocated among the various days equally and in proportion
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Teble 14, Allocation of Total Sample Among Hours in Proportion to Standard Deviation,

Bear lLake, 1941

Hour Number Standard

of Pos- Deviation Size of Sample

sible

Counts

N, o N, O oy = §f(n/s)

5 A. M, 83 3.18 263.95 L 7 17 22 37
%A Mo 83 hout 371,01 5 11 23 31 52
10 A. M, 83 5.24 434 o2 6 13 27 37 61
11 A, M, 83 5.17 425,11 6 12 27 36 60
12 Noon 83 4.73 392.59 6 11 2L 33 55
1P. M. 83 3.19 264 .77 L 7 16 22 38
¢ P. M, 83 2,61 216.63 3 6 1k 18 31
3 P. M. 83 3.19 264,77 4 7 16 22 38
L P. M. 83 L.23 351.09 5 10 22 30 Lo
5 Ps M, 83 k.32 358.56 5 10 22 31 51
6 Py M. 83 4,35 361.05 5 10 23 31 51
7P. M. 83 5.08 4216k 6 12 26 36 59
8 p, M, 83 h,72 391.76 6 11 2k 33 55
3 P. M. 83 5.37 45,71 6 13 28 38 63

Total 1,162 Ss=k,968 n=70 140 309 420 700
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Table 15. Frequency Distribution of Anglers by Days, Bear Lake, 1941

Number  Sunday Monday Tuesday Wednesday Thursday Friday Saturday Holidays Total

of Freq,
Anglers (1) (2) (3) (%) (5) (6) (7

0 10 50 32 ko 4o 36 15 3 226
1 12 20 17 16 19 23 11 1 119
2 10 34 38 31 20 19 19 1 172
3 11 6 14 18 21 21 14 3 108
" 22 13 15 9 10 14 18 2 103
5 12 7 8 1k 14 8 16 1 80
6 10 6 11 9 L y 15 N 63
7 20 T 7 3 6 6 1k 3 66
8 b 5 7 3 5 5 T h 4o
3 7 1 2 b 7 3 10 1 35
10 I 1 2 2 6 1 L 1 21
11 7 1 eee 1 5 3 L 3 2k
12 3 1 1 3 2 5 1 16
13 8 2 h 6 20
1 5 1 1 3 2 1 13
15 b 1 Y., 2 1 12
16 L 1 cos cos 3 eee 2 3 13
17 l eeo L] l LI 1 2 2 7
18 3 [ X N L N ] [ X X ] L X N ) 1 LN N ) L R ] l"
19 3 LN X ] L X N ) [ X N ] e e 2 l e we 6
20 l L N N >0 0 L N * e e 2 l [N X ] ,'"
21 3 L N oee L N se e se LN} l l"
23 1 coe eee 1l 2
gu L N ] o8 e L L Y LN ] L XN ) LN N ] LN N J oe e [ X N 2
25 00 L N ] LN ) LR N 3 o0 * o0 L ) L N ] LN ]
26 [ B N ] [ N X ] e oe o e LN ] LN N 3 [ X N ] 00 L N ]
27 ..1 *e e [ X R ] LN N ) L N X J *oe e 1 L N ] 2
28 [ N N ) L X ) e d oe e [ X X 3 L ) L N ] > 08 L N X 3
29 . 2 oe® L ] see L X X X cee e ee e 2
30 LN W ] L N W ] LN X ] oee e L X [N K J L N 2 * S8
Total 168 154 154 154 168 154 168 42 1,162
£ 7.607 2.552 2,961 2,981 h,012 3.73% 5.869 8.95

5 36.82 9.40 7.00 9.78 17.38 164k  12.79 28,14
6,06 3,07 2,65 3.13 4,16 4,43 3.58 5.30

[¢2]
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to the standard deviation (Table 16), Several other total sample

sizes were glven the same treatment to provide future reference material
(Teble 17). The variance of the mean and confidence limits were then
calculated, Significant improvements in the confidence limits apparently
are possible 1f the season is stratified by days and the total number

of counts is allocated in proportion to the size and the standard
deviation of the strata, This gain in efficiency can be expressed as
narrower confidence limits of +0,.37 or an equivalent reduction in the
total number of counts required if the confidence limits remain at

+0.45., The variance of the mean for stratified sampling provides the

necessary information for the new sample size.
2 2
5 = NSg© = 308 (0,036) = 11l.1

(X - m)* (0.45)2

Thus, 210 counts by stratified random sampling with equal allocation
would produce the same precision of estimating the mean number of
anglers per hour as 308 counts by strict random sampling. Similarly,
239 counts would be necessary if the method of stratified sampling
with equal allocation among days was used., The number of days required

to complete the counts will depend on the number of counts made each

day (see Table 18).

The Precision Actually Attained in Estimating the Average Number of

Boats per Hour in the Intensive Creel Census, Experimental results

Just presented indicate themost efficient sampling method, the procedures




Table 16.

Anglers Per Hour.

Standard Error of Mean and Confidence Limits of Mean Number of

Total Sample Stratified by Days With Equal Allocation

and With Allocation in Proportion to N and 0, Bear Ilakse

1941
Strict Random Number of Hourly Counts 1n Season
Sempling Equal Allocation N (@ - Allocation

Bundsy coe 42 69
Monday coe L2 32
Tuesday cee ) 28
Wednesday ees ko 32
Thursday cee 42 L7
Friday ces 42 46
Saturday ooe ho 4o
Holiday cee 1k 1k
Total n 308 308 308
552 0.052 0.0k41 0.036
Si 0.228 0.202 0.190
Confidence

Limits $0.450 +0.400 +0.370
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Table 17. Allocation of Total Sample Size (Number of Counts) Among Days in

Proportion to Standard Deviation, Bear Lake, 1941

Day Number of Standard Size of Sample
Possible Deviation
Counts
Ny o N o n = th'(n/s)
Sunday 168 6.06 1,018.1 15 30 69 93 150
Monday 154 3.07 72,8 8 16 32 43 80
Tuesday 154 2.65 408.1 6 12 28 37 60
Wednesday 15k 3.13 482,0 7 14 32 by 70
Thursday 168 h,16 698.9 11 22 e 64 110
Friday 154 4. k3 682,.2 10 20 k6 63 100
Saturday 168 3.58 601, 4 9 18 4o 55 90
Holiday 42 5430 222,6 b 8 15 21 Lo

Total 1,162 S=4,586.,1 N=70 140 309 L20 700
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Table 18. Number of Days Necessary to Complete Required Counts for Several

levels of Census Effort, Bear Lake, 194l

Number of Days

;;%:gea 1k Counts 7 Counts 4 Counts

of Counts Per Day Per Day Per Day
Sunday (1) 69 5 10 15%
Monday (2) 32 3 5 8
Tuesday (3) 28 2 y T
Wednesday (4) 32 3 5 8
Thursday (5) 7 I 7 12
Friday (6) 46 L 7 12
Saturday  (7) Lo 3 6 10
Holiday (H) i 1 2 4

¥ Only 12 Sundays Available in Season
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for predicting the number of boat counts required, and the proper
method of analyzing data, There remains the question of the area and
degree of adjustment necessary in future creel censuses in light of
these findings., Information about the precision actually attained
by the schedules now in use must first be available,

The boat count information from the Intensive Creel Census for
Pontiac Lake for the summer seasons of 1947 through 1952 is presented
in the Appendix, These counts were actuslly stratified by days of the
week and so I computed the mean, and variances of days as strata,
These data provided the values necessary for computing the variance
of the meaa of stratified sampling and confidence limits of the mean
by Cochran's formulas (Teble 19). Applications of the results are
subject to limitations, however., The variances (S2) of the strata
measure only the internal veriation of the sample, and must be considered
a8 uncertain estimates of the true population varieance ((Téh. Several
sources of bias are apparent in the sampling method which reflect
doubt upon the assumption that S2 is an unbiased estimate of 0"‘2.
First the selection of hours to make boat counts is not a random process
(the selection of succeeding counts on the same day results in lower
total variance estimates than by random selection); and second, very
1ittle is known about the behavior of variance estimates based on small
samples drawn from non-normal parent populations, The importance of
these facts is that although exact confidence limits can be constructed
from the semple variances, the probebility associated with those
1imits may devlate considerably from the assumed 95 percent level,

The sample variances obtained in various years on Pontiac Lake

show a fairly consistant relationship among deys of the week (Table 20).
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Table 19. Mean Number of Boats Counted Per Hour, Standard Error of the Mean
and Confidence Limits as Computed from Intensive Creel Census Data for Pontiac

lake in the Years 19h7 through 1952

Year Number Mean Number Variance of Standard Error Confidence

of Counts Boats Per Mean(Si?) of Mean (Sg) Limits of
Hour Mean

1947 100 53.T k.58 2,140 4,2

1948 84 51.8 TeT2 2.778 5.k

1949 63 37«3 6.99 2,644 5,2

1950 51 32,2 2.39 1.546 3,0

1951 38 37.3 6.48 2.545 5,0

1952 T3 18.0 6.53 2.554 +5,0
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Table 20, Sample Variances of Boat Counts on Pontiac lake, 1847 to 1952

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

1947 2069 66 93 164 . 192 90 1519
1548 998 399 173 ok 176 1565 1266
1949 1342 172 398 1k 80 65 1171
1950 62 66 917 9k 0.1 9 37
1951 6h7 260 39 375 10 12 ko3
1952 1156 54 22 b 198 1265 1012
Sum 627k 1017 1642 1028 656 3006 5498
Average

Variance 1046 170 27h 171 109 501 916
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The average variance of the estimetes from the six-years, 1947 to

1952, provides estimates of the strata variances for future prediction

purposes and for allocation of samples,
Problems of Estimating the Total Catch of Fish

The total number and weight of fish removed from & lake are measures
of the Pishing success of anglers when considered with the amount of
fishing effort expended, Furthermore, knowledge of the smount of fish
removed in relation to the population of fish present in & body of
water 18 essential to the management of many fisheries., For example,

a study of the totel catch of predator fish, such as the pike and bass,
maey indicate thet more of these fish are being removed than 1s desirable
even though the catch per unit of fishing effort is very low,. It is
usually more convenient to obtaln information about the number of fish
caught by anglers then about the weight of fish although welght
knowledge is valusble,

Ip the Intensive Creel Census the total weight of fish removed is
estimated through periodic semples cf fish weights, and estimates of the
total catch in numbers of the various species of fish, Creel census
clerks weigh and measure the length of fish in the anglers' catch when
it is convenient to do so. The problems of sampling to determine the
average weights of fish are beyond the scope of this paper, but the

problems of deriving estimates of the total catch in numbers are considered.

Method of Deriving an Estimate of Total Number of Fish Caught from Estimates

of the Average Catch per Hour and Total Angler Hours

The basic procedure for estimating total catch is a simple infletion of

the average catch per hour over all hours of fishing in the se&ason.
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Average Catch Total Number
per Hour per x of Angler = Total Catch
Angler Hours

Each of the factors in this inflation is an estimate obtained from samples.
It is necessary to revliew how each of these factors is obtained. The
average catch per hour per angler is the arithmetic average of all catch
per hour values computed for individual anglers who were contacted in
the sampling program., For illustration, several such catch-per-hour values
with confidence limits are presented here for Pontiac Lake (Table 21).

An estimate of the total number of angler hours involves boat counts
and the average number of anglers per boat during the season, The

inflation is as follows:

Average Average length of Number

Number ., Number of , TFishing , of Days . potal Angler Hours
Anglers Boats per Day in ian

per Boat Hour Hours Season

The number of hours in the season (15 hours per day x 83 days) is a
definite figure and is relatively constant from year to yeer, but the
average number of anglers per boat and the average number of boats per
hour are varisbles that must be estimated from samples., The problems
of sampling to determine the average number of boats per hour have been

discussed in preceding sections,

Sampling to Determine the Number of Anglers per Boat

The number of anglers sharing a boat while fishing varies from one
to five or more, but on the average this quantity 1is quite uniform over

the various hours of the day and from day to day, and is not correlated vith

total fishing intensity (Figure 13)., Thus, the average number of englers per boat
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mey be determined quite precisely with little concern about bias or
inaccuracies from disproportionate ssmpling. Angler contact records
provide the necessary data for estimating this queantity. In the
Intensive Census procedure the individual catches of all of the anglers
in one boat are recorded on one creel census slip. Thus, on each slip
an observetion of the number of anglers per boat is avallable. The
average number of anglers per boat is the arithmetlc average of all
such observations., As long as angler contacts are accompiished 1in &
schedule which represents all hours of the dey and each day of the week
this average will be an unbiased estimate of the true mean number of
anglers per boat, This is true because there are no discernible trends
of increase or decreese in the number of anglers per boat with time.
What is needed, however, is a measure of the variability of this
quantity to allow confidence statements @bout the mean and estimates

of the required sample size, The variance of the individual observations
of anglers per boat is an unbiased estimate of the true variance, and
therefore can be used to compute the standard error of the meen.
Standerd errors and mean values of the number of anglers per boat

were computed for the summer season from the angler contact records for
several years on Pontiac Lake (Teble 22). These velues indlcate the
precision attained in estimating this quantity, and provide data for

inflation to estimates of the total catch of fish.

Confidence Limits for Estimate of Total Angler Hours

The variance of the product of anglers per boat times boats per

hour is arrived at by a somewhat different process than used in

attaining the variances of the individusl factors, The method of




Table 21. Summary of Average Catch per Hour per Angler for Summer Seasons During

Several Years on Pontiac lake

Year Number Average Sample Variance of
of Catch per Variance the Mean
Contacts I x S x? Hour per 52 g2

Angler X

1947 1465 2235 7162 1.53 2.56 0.00175

1948 967 973 2571 1.01 1.6k 0.00170

1949 W71 hos 1020 0.86 1.43 0.0030 |

1950 335 277 620 0.83 1.17 0.,0035

1951 34y 307 689 0.89 1.21 0.0035

1952 k71 561 2003 1.19 2.84 0.0060
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Figure 13, Relationship between Number of Anglers and Number of

Boats, Pontiac Lake, 1947 to 1952

Figure 1k, Relationship between Catch per Hour per Angler end
Number of Boats per Hour, Pontiac Lake, 1947 to

1952
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computing the variance of the product of two factors when each is
independently subject to sampling error was reviewed by Schumacher and
Chepman (1942: p. 193). They showed that if M and N are independently
distributed, and V(M) and V(N) are estimates of thelr sampling variances,

then

v = 2[v(®) + 82 [v@) « p@) )

in which V(RF) is an estimate of the sampling variance of MV, The third
term in this expression may be ignored in the application at hand because
the product &(M)] fy(ﬁﬂ is trivial when compared with the contribution of
the first two terms to the veriance V(MN).

The assuuption that the sampling errors of the means M and N are
independent and approximetely normelly distributed does not seem unreason-
able for this study. It is possible that under certain conditions the
number of anglers per boat could be related to the number of boats
aveileble on & lake, If this occurred the number of anglers per boat
would not be independent of the number of boats per hour sand the above
approximetion to the variance of & product would be & hazaerdous procedure,
Similaerly, if the average catch per hour per angler were & function of
the intensity of boats the assumption of independence would be invalid.
However, the data available for Pontiac Leke do not indicate any
reletionship between either the number of anglers per boat and boats per
hour or between catch per hour per angler and boats per hour (Figures
13 and 14). The values plotted in these figures are the average number
of anglers per boat and the average catch per hour per angler with the
corresponding number of boats observed. Although the hypothesis of

independence is not refuted in this example, it should be re-examlned

whenever dependence 1is suspected in census data, possibly for each
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separate analysis of total catch, For a more theoretical discusslion the
resder is referred to Creig (1936), Aroisn (1947), and Calhoun (1950).
Calhoun gives an example of an application of the method tohestimating
the total catch of fish,

In the present problem, the average number of boats per hour and
the average number of anglers per boat are equivalent to N and M

respectively, and the above equation can be expressed as follows,

Variance of Product Meen |2 |Variance Mean | R [Variance
of Mean Number of Anglers of Mean Boat of Mean
Anglers per Boate = per Boats pe + per nglers
Mean Number of Boat Hour Hour |per Boat

Boats per Howr

The product of anglers per boat times boats per hour multiplied by the
total number of hours of fishing in the season ylelds an estimate of
the total number of angler hours spent on the lake (Table 23) This
total ranges from sbout 50,000 to 160,000 angler hours for the summer

seasons on Pontiac Lake (1947 to 1952).

Confidence Limits for Estimate cf Total Cetch

The product of total angler hours times average catch per hour now

becomes an estimate of totel number of fish caught in the season. How-

ever, for ease in computing products and variances of products the total

cetch may be derived in three steps: (1) celculate the average and
variance of anglers per hour from the product (anglers per boat) times
(boats per hour), and (2) multiply englers per hour by the average

catch per hour to get the total catch per hour, and finally, (3) multiply

the total catch per hour by the total number of hours in the season.

The followlng example may Serve to clarify the procedures,
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Table 23. Estimates of the Total Number of Angler Hours Spent on Pontiac lLake

During the Summer Seasons of 1947 to 1952

Year Estimate of Standard Confidence
Total Angler Error Limits 95%
Hours

1947 158,800 4,500 154 ,300-163, 300

19148 153,200 12,100 141,100-165, 300

1949 110,000 12,600 97,400-122, 600

1950 92,300 9,600 82,700-101, 900

1951 110,900 10,600 100,300-121,500

1952 k7,500 7,700 39,800-55,200
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The information needed to derive an estimate of total catch of all
fish from Pontiac Lake during the summer season in 1947 (Teble 24),

is available in Tables 23, 25, and 26,

Mean Number Mean Number
(1) of Anglers x of Boats = Angler Hours per Hour
per Boat per Hour

2.3 x 53,7 = 123.5 angler hours per hour

Variance of the product = (2.3)2(4.58)+ (53.7)%(0.0121) = 59.2

Angler Mean
(2) Hours Catch
per X per = Catch per Hour
Hour Hour per
Angler

123.5 x 1,53 = 188.9 Fish per Hour
Variance of the product =(123.5)2(o.00175) + (1.53)2(59.2) = 153.9

Standard error of product = ﬂ’153.9 = 12,4

(3) Total Number of Hours in Seeason = 15.5 Hours per Day x 83 Days = 1286
Total Catch = 1286 hours x 188.9 fish per hour = 243,000 fish
1086 x Standerd Error of Product = 15,946

Confidence Ltmits(iasi)for Total Catch = 243,000 + 2 x 16,000 approx-

imate ly .
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Table 2%, Estimates of Total Catch of Fish During the Summer Season for Several

Years on Pontiac lake

Year Total Catch Standard Confidence
of Fish Error Limits

1947 23,000 15,946 211, 000-275,000

1948 154,320 13,760 140,560-168,080

1949 ' ok, 89k 12,410 82,484-107, 304

1950 76,633 9,709 66,924 --86, 342

1951 98,636 11,510 87,126-110, 146

1952 56,455 9,876 46,579-66,331




SUMMARY AND CONCLUSIONS

In this paper the methods used in Michigan for collecting and
analyzing catch data from lakes have been studied with the objective of
determining efficient sampling procedures., There are several compelling
reasons for developing efficient and accurate methods for conducting
creel censuses, Creel studies are an important source of facts relating
to fish snd the conservetion of fisheries., A considerable portion of
fisheries research funds are currently devoted to creel census projects.
Much time, effort, and money is expended in measuring the yleld of
fish to anglers. Usually, creel censuses are part of & continuing study
of experimental lakes and streams which are thought to be representative
of most weters in the state. Long range studies are necessary to
evaluate the effects of management attempts. The results of experiments
on these test lekes influence management policies and procedures on
many lakes. This wide application of results and the need for continuous
data require that the best possible information be obtained in the
creel studles. Of course, accurate results could be achieved on the
test waters through a complete census of &ll fishing activity, and 1in
some situations this will be necessary. However, the need for catch
information has expanded greatly. New problems about sport fisheries
are posed every year, and very often & census 1is called for., In order
to meet the increasing demand on availesble funds and personnel it is

important that themost efficient sampling methods sultable for intensive

censuses be determined,
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Several conclusions and recommendations are suggested from this
present analysis for the conduct of the Intensive Creel Census and
the subsequent analysis of catch records.

Probably the most important suggestion to be made here is for
adoption of stratified random sampling with optimum allocation of the
total sample among days, Stratified sampling techniques will be useful
in two ways:

(1) To more accurately measure the precision actually attained by
present census methods (the present methods of analyzing records
do not recognize stratified sampling actually in use).

(2) To obtain the best precision possible for a given amocunt of

census effort.

Actuslly, the fremework of the present census schedule 1s essentially
that of stratified sampling by days. All that is needed is the application
of appropriate formulas and the proper allocation of census effort to
take advantage of the gains in efficiency possible by this method. Present

procedures for scheduling angler interviews and boet counts should be

mocdified to include the following:

() Some decision must be made about the precision of estimating desired
before & schedule is set up for a census. Confidence limits (95%)
of $0.1 fish per hour have been gselected arbitrarily &s the desired
precision of estimating the average catch per hour. This seems to
be & useful figure, elthough for some lakes this precision will not
be attainable during seasons of low fishing intensity, This is
true because the variability of catch-per-hour data mey require

that more records be obtained in the sample than there are anglers

present during the se&ason.
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(b) An advance estimate of the variance of catch-per-hour-per-angler
records must be avalleble for the lake in question, This cen come
from earlier censuses of the same lake, or from & preliminary
sample, The number of angler contacts required and the precision
attained in estimating the mean catch are functions of the
variance of the mean,

(c) From this estimate of the population variance an estimate of the

total sample required 1s possible, The formula Ne 2

(X - m)2
is appropriate (see also Figure 5 of this thesis), If the sempling
ratio is not negligible, i.e., 1f the sample is large in proportion
to the totel number of anglers, a correction for finite population
is needed. This will reduce the apparent required sample size,

(d) The total sample size should be allocated among the various days
in proportion to the fishing intensity and variability of catch-per-
hour-per-angler records on the different types of days (strata).
The variance of the mean will be the least if the population of
anglers is stratified by days, and the total sample allocated
among the strata, Reduction of the varience of the mean catch by
stratification is equivalent to either an increase in precision of
estimating or a reduction in the total number of contacts required.
Information about the numbers of anglers likely to fish on the
lake and estimates of the strata variances are necessary. This
data capn come only from previous experience with similar lakes or
from the preliminery samples. It should be remembered that the
predictions of sample size are based on estimatee of the variance,
and some margin of safty should be allowed for error, The

distribution of variences drawn from & non-normel parent population
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such as catch per hour per angler is not well known and errors can

occur when the distribution is extremely skew,

(e) The precision actuelly attained 1n the census should be calculated
using formulas for variance of the mean and confidence limits of
the mean for stratified sampling (see page 28 of this thesis), so
these quantities will be available for subsequent predictions of
required sample size, etc,

Probably the most rewarding aree for an increase in the precision
attained in the Intensive Census is in the scheduling of boet counts.
Studies of the required sample size, and the precision attained in
estimating boats per hour for Bear and Pontiac lakes indicete that more
counts are desirable, Some improvement will be possible if the total
number of boat counts needed to attain the desired precision is allocated
among days according to the variability of counts and intensity of fishlng
on the various days., An improvement in the precision of estimating
boats per hour is important because this quantity is a factor 1in the
inflation to estimates of total fishing intensity and the total catch
of fish.

Application of these findings ought not to cause major changes
in methodology in the Intensive Creel Census, The most obvious need 1is
for increased sampling effort on Sundays and other days of high angler
intensity and possibly lees effort on other days.

The methods of compiling 2nd analyzing records in the laboratory
should also be modified to include proviaion for weighting catch-per-hour
records for fishing intensity., Arithmetic errors in the computation of
the average catch per hour may result if the records are not properly

weighted., These errors are considerable when fishing intensitles are

high such as are encountered at Pontiac Lake.
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The records studied did not reveal any bias in the method of
sampiing to deterw.ne the average number of anglers per boat, Ordinarily
the number of angler contacts necessary to determine the average catch
per hour will be more than adequate to determine the number of anglers
per boat, It will be necessary, however, to tabulste the individuel
records of anglers per boat to obtain informetion sbout the sampling
error associated with this quantity.

Statistical methods for assigning confidence limits have been
applied to the various estimates of the Intensive Creel Census. In
doilng this, certaln assumptions are made regerding randomness of
sampling and the distribution and independence of variates. These

assumptions are reasonable for census material but should be reviewed

for each major study.
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Appendix A, Dailly and Seasonal Summations of Catch per Hour
per Angler, Number of Anglers, and Ratios of Boats
Contacted to Boets Counted for Various Hours on

Pontiac Lake 1948 to 1951




-1lll-
Appendix A
Teble 1., Daily and Seasonal Summations of Catch per Hour per Angler, Number of

Anglers, and Ratlos of Boats Contacted to Boats Counted for Various Houres on

Pontiac Lake in 1948

8 A, M, 9 A, M. 10 A. M. 11 A. M.

pajily Summations 7.56 (10) 4,31 (10) 16.57 (19) 4.31 (6)
of Catch per Hour 1.86 (1) 2.99 (13) 1.86 (3) 2.99 (13)
per Angler (and 68.82 (58) h,32 (11) 38,42 (41) 35.99 (44)
Number of Anglers 0.92 (&) 25,46 (35) 2.93 (10) 7.61 (17)
Contacted) 4,00 (9) 38.50 (60) 4,00 (8) 23.09 (34)
Seasonal Total 83.16 75.58 63.78 73.99
Total Anglers (82) (129) (81) (11k)
Average Catch per
Hour per Angler 1.01h4 0.586 0.787 0.649
Ratio of Number 4/1h 5/21 7/26 . 3/20
of Boats Contected 1/1 5/10 2/2 5/22
to Number of Boats 25/1h3 2L /81 4 /20 20/9k4
Counted by Deys 2/9 5/T 2/21 7/15

3/12 15/86 18/161 15/77

35/17
Total Contacted 35 5k 33 50
Total Counted 179 205 230 228




Table 1 (continued)
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12 Noon 1 Po M. 2 P. M. 3 P. M. 4 P. M.
66,12 (61) 19.82 (17) 68.10 (41) 24,56 (25) 75.94% (36)
12.91 (15) 17.75 (23) 12.91 (13) 8.85 (11) 0.1k (8)
2.36 (6) 15.87 (25) 2.36 (21) 17.21 (2h4) 55,81 (45)
19.28 (23) 10.29 (15) 13.06 (12) 0 (2) 2.14 (5)
16.93 (15) 5.34% (12) 12,00 (8) 5.14 (7) 6.60 (8)
56,01 (50) 11.17 (17) 3.00 (3) 17.81 (18) 38.77 (38)
4,00 (8) 0.93 (6) 13.79 (18) 0 (1) ces osoe
cee ooe 9.63 (2k) T72.62 (53) 3.69 (6) ces eee
[ ] see see e 2.114' (8) . eee ocs se0e LR
e e L N X N N ) L N J 10082 (ll) [ W ] [N N ] o0 e oee
oo eoe e X X3 )+1021 (39) [ X ] L X X sece see
177.61 90.80 252,01 TT.26 179.40
(178) (122) (208) (69) (140)
0.998 0. T4l 1.212 1.120 1.281
24 /102 8/28 16/78 12/38 15/6k4
6/28 10/38 5/35 h/32 L/31
k/10 11/49 2/9 11/35 19/153
8/126 5/35 5/95 1/34 2/17
6/19 6/23 3417 3/29 L /28
ol /121 0/65 1/32 o/sh 16/102
2/23 7/17 8/30 8/25 cee
coo 3/13 23/142 1/22 ces
cee 10/96 3/19 3/103 cos
*® e [N N ] 6/26 >0 ® LR K J
coe vos 17/109 ese cos
Th 60 89 L3 60
Log 364 592 372 395
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Table 1 (concluded)

5 Po M. 6 P, M. T Pe M, 8 P. M. 9 P. M.
41,83 (36) 42,91 (27) 40.33 (34) 40.56 (29) 32,71 (33)
13.80 (10) 17.1% (20) 5.80 (7) k1,90 (40) 4,68 (8)

2.00 (3) 51.18 (36) 4,68 (14) 27.02 (20) cve ees
17.37 (16) 8.95 (16) 30.92 (21) 6.81 (12) cee eoe

LN ] e 9090 (13) L N see 3030 (7) L X X s

oo ® L N ] 770’"‘5 (,4'9) [ XN ) a0 0 65098 (39) oo e s e
75.00 207.53 81.73 185.57 37.39

(65) (161) (76) (147) (¥1)

1.15k4 1.289 1.075 1,262 0.912
16/54 10/76 16/58 10/136 15/61

/27 9/49 3/61 17/76 i /u2

2/5 15/164 6/u7 8/93 ces

7/2k4 6/21 8/45 zfgg cee

200 1 2 I X J [ N J

17/3 16/11k

29 57 33 60 19

110 hho 211 465 103
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Appendix A

Table 2. Daily and Seasonal Summations of Catch per Hour per Angler, Number of
Anglers, and Ratios of Boats Contacted to Boats Counted for Various Hours on

Pontiac Lake in 1949

8 A. M. 9 A, M. 10 A. M, 11 A. M.
Daily Summations 52,22 (41) 22,31 (17) 49,72 (36) 4,38 (10)
of Catch per Hour 4,87 (12) ess  (2) 4.87 (12) 5.82 (6)
per Angler (&nd sse caee 10.83 (10) XX (h‘) ese (h‘)
Number of Anglers see see 13,05 (20) cee eee 2.49 (8)
Contacted) eee eses 19.58 (1k) cee eee 9.50 (1k4)

oo s 12o76 (18) LN es e L] oo
Seasonal Total 57.09 78.53 54,59 22,19
Total Anglers (53) (81) (52) (42)
Average Catch per
Hour per Angler 1,077 0.969 1.040 0.528
Ratio of Number 17/69 7/126 15/58 4 /17
of Boats Contacted 5/17 1/1 5/33 3/17
to Number of Boats 5/15 1/2 2/27
Counted by Days eve 8/16 X 3/19

6/21 : 7/67

oes 9/""7 oo e eee
Total Contacted 22 36 21 19

Total Counted 86 226 93 277
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Table 2 (continued)

12 Noon 1P, M, 2 P. M. 3 P, M, L P, M.
43,80 (20) 3.20 (2) 9.07 (7) T.84 (24) ho,29 (44)
0 (7) 1.66 (2) 29.23 (36) 1.10 (6) 18.55 (19;
0 (&) o (2) 9.63 (16) 5.75 (13) 27.67 (31
0.99 (6) T7.32 (21) 0 (&) 5.39 (16)
ces see 3.75 (12) o (3) eoe L ) N X eoe
oe e *ee 3000 (2) 8015 (20) see one oo e ose
43,80 12,60 63.40 14,69 93.90
(31) (26) (103) (47) (110)

1.413 0.485 0.616 0.313 0.854
11/58 1/143 3/51 11/19 15/54
3/37 1/1 12/63 2/26 8/16

1/1 1/Lk 7/12 7/7 15/28

cee 2/16 10/31 2/5 - 7/94

6/29 1/39 .ee

ces 1/48 10/66 ces ces

15 12 43 22 ks

96 281 262 o7 192




Table 2 (concluded)
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5 P, M. 6 P, M. 7 P. M. 8 P, M,
6.53 (15) 47,64 (40) 12.49 (14) 32,60 (35)
3.10 (11) 23,95 (24) 1.77 (10) 22,85 (25)
ees soe 27.58 (29) 0 (1) 3.11 (8)
ees s 3023 (12) es e L N J [ N ] LN ]
9.63 102.40 14,26 58.56

(26) (105) (25) (68)
0.370 0.975 0.570 0.861
8/e7 15/108 6/69 13/113
6/39 8/39 5/k1 11/51
coe 13/3k 1/5 3/93
s 5/87 L oo
14 41 12 27
66 268 115 247
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Appendix A

Teble 3., Daily and Seasonal Summations of Catch per Hour per Angler, Number of

Anglers, and Ratios of Boats Contacted to Boats Counted for Various Hours on

Pontiac ILake in 1950

8 A, M, 9 A, M. 10 A, M, 11 A, M.
Daily Summations 8.66 (35) 57.94 (40) 10,30 (29) 41.93 (Eh)
of Catch per Hour k.52 (7) 8.12 (5) 23,93 (23) 5.5% (7)
per Angler (and 5.86 (7) 3,62 (6) 4,86 (9)
Number of Anglers coe ese sese e ese see ese cee
ContaCted) X soe ece cee cee ase e ece
Seasonal Total 19,04 69.68 39.09 W7 47
Total Anglers (49) (51) (61) (31)
Average Catch per
Hour per Angler 0.389 1.366 0.641 1.531
Ratio of Number 15/83 17/157 12/92 10/221
of Boats Contacted 3/15 3/7 10/18 3/2
to Number of Boats h/11 3/3 L/1k cee
Counted by Days see cee e see
Total Contacted 22 23 26 13
Total Counted 109 167 124 223




Pable 3 (continued)
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12 Noon 1 P. M. 2 P, M. 3 P. M. 4 P, M.
2,00 (2) 7.58 (9) 20,17 (28) 18,00 (13) 10.00 (19)
23,93 (26) 25.65 (1k) 2,56 (9) 0.90 (6) 1.18 (4)
2,20 (5) 2.18 (4) 4.50 (2) 22.%0 (37) 3.46 (13)
oo as e o0 0 es e 6.72 (18) ' X oo e 5.07 (7)
o e ® L N ] LN ) L X ) 7.07 (10) L oe e L W ] L RN ]
28.13 35.37 41,02 41.30 19.71

(33) (27) (67) (56) (43)

0.852 1.310 0.612 0.737 0.458
1/78 3/276 12/31 6/21 10/28
11/19 T7/17 4/18 2/6 2/27

2/18 2/5 1/17 14 /41 7/16

coe vee 9/6 cee 5/11

a0 e L N 7/8 e L X N ]

1k 12 33 22 24

115 298 80 68 82




Table 3 (concluded)
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5 P. M. 6 P. M. 7 P. M. 8 P. M.
7.98 (7) 22,86 (32) 4,32 (3) 27.32 (27)
0.90 (6) 0 (2) 0090 (6) [ X ) L N
22,82 (32) 1.42 (4) 1k, 78 (27) cee aee
31.60 24,28 19.96 27.32
(45) (38) (36) (27)

0,702 0.639 0.554 1,012
%/19 15/21 2/16 14 /20

2/5 1/19 2/6
12/37 2/9 10/31

18 18 14 14

61 ko 53 20
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Appendix A

Table 4. Daily and Seasonal Summations of Catch per Hour per Angler, Number of

Anglers, and Ratios of Boats Contacted to Boats Counted for Various Hours on

Pontiac Lake in 1951

8 A, M, 9 A, M. 10 A. M. 11 A. M,
Daily Summations 20.21 (33) 62,91 (40) 13.72 (24) 63.98 (38)
of Catch per Hour 5.86 (12) 57.52 (21) 5.86 (11) 48,52 (28)
per Angler (and 15.55 (14) 8.48 (8) 16.32 (24) 3.81 (5)
Nmer Of An,glers L N 2 L X N LI N 4 o e L X N ] L X N ) L ] LN N ]
Contacted.) see ose oco sece ese oece see css
Total Anglers (59) (69) (59) (71)
Average Catch per
Hour per Angler 0.705 1,868 0.608 1.638
Ratio of Number 13/1k1 16/58 9/178 15/67
of Boats Contacted 6/19 9/1k 5/21 12/1h
to Number of Boats 6/17 4/8 12/18 3/16
Counted by Days ces PR see oo
Total Contacted 25 29 26 30
Total Counted 177 80 217 97




Table 4 (continued)
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12 Noon 1 P, M. 2 P, M. 3 P, M. h P, M,
6.54 (9) 26,43 (17) 19.26 (21) 3.97 (9) vee ses
13.13 (21) 0.67 (1) 33,02 (21) cee ses 1.28 (2)
o0 L X X J L L N 21.27 (21) LI oo 15.5)‘“ (19)
L I secoe LN 2 oee )4'.31“ (h‘) see o e LN ] oo
oo e ae o eee oee 3.06 (7) oe e cee e oo
19.67 27.10 80.95 3.97 22,28

(30) (18) (%) (%) (26)

0.656 1.506 1.09% Ol 0.857
4/11 6/55 9/56 4/33 3/56
11/21 1/11 10/31 coe 1/57

cos cos 10/19 oo 9/13

[ W 3 [N N ] 2/h oo > e

L N4 [ X X4 )‘“/25 ¢ e oo

15 T 35 b 13
32 66 135 33 126




Table 4 (concluded)
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5 P. M.

6 P. M.

T P. M.

8 P. M.

9P|

M.

16.98 (20)

11.50 (20)

44,09 (24)

1.60 (5)

16,98 11.50 k4,09 1.60 cee s
(20) (20) (2k) (5)
0.849 0.575 1.837 0.12 cos
8/37 8/17 9/148 2/12 -
8 8 9 2
48 12

37

17
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Appendix B, Method of Computing Skewness Factor (W3)
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APPENDIX B
Method of Computing Skewness Factor (Cx:s)

The following method for computing the skewness factor of the
distribution of a variate (X) is taken from a lecture by Professor
H. C. Carver at the University of Michigan. There are three steps to
follow in the computation:

Step 1. Accumulate summations of X, X2 and X3, A calculator and a
table of cubee greatly facilitates this operation,

Step 2. The equation for skewness (CC‘3) is
N2eSx3 - WeTX-TX2 + 2(E X)3
3 =
m-x2 - (T2 Vi-n® - (2x)?

which can be revwritten as

c

3% AV A

oC

where
A=KNeYx2 - (ZX)?
B=N-2x3-2Zx Zx2
C=NeB-2A-2 X

Step 2. consists of first computing A and B and then
inserting the values obtalned for A and B in the
equation for C.

Step 3. Compute o C

3= = skewness factor,
1\1/.A
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Appendix C. Stratification of Boat Counts by Days. Intensive

Creel Census of Pontiac Lake, 1947 to 1952
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Appendix C

Table l. Stratification of Boat Counts by Days. Intensive Creel Census

of Pontiac Iake, 1947

Number of Boate Counted

Sunday Monday  Tuesday Wednesday Thursday Friday Saturday

161 4 1k 21 39 31 116

189 8 .22 29 37 26 133

149 T 30 32 W1 17 170

146 16 36 21 5l ol 123

155 6 T 26 18 0 134

1hh 13 13 21 19 25 163

180 21 16 34 16 22 156

146 23 26 38 1k 6 78

101 18 1 53 17 11 132

118 16 17 10 22 20 101

128 21 23 11 oo 19 126

98 18 13 18 coe 27 128

89 33 26 15 vee 32 ok

T1 .o cee T oo coe 64

50 [ AN ] [ N} 7 soe 'Y X 67

61 [ X N ] X N J L X X ] *0e L X N ] 58

57 [ X X J ae e [ X N J e o ® [ X N ]

51 *0 e a e L X X J [ X X ] [ X B J u9

ny 18 13 13 15 10 13 18

Z x? 278,762 3,994 5,690 10,141 9,397 6,282 235,999

T x 2,094 204 ol 343 277 260 1,945
x 116.3 15.7 18,8 22,9 27.7 20,0 108.1

5@ 2,069 66 93 164 192 90 1,519
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Appendix C

Table 2. Stratification of Boat Counts by Days. Intensive Creel Census

of Pontiec Lake, 1948

Number of Boats Counted

Sunday Monday  Tuesday Wednesday  Thursday Friday Saturday

143 30 1k 28 21 102 121

161 31 26 38 20 8 109

126 49 28 5k 35 64 102

95 76 35 58 34 76 132

1k2 12 9 61 1 136 114

153 21 35 10 2 9 81

164 23 5 22 10 20 ol

93 32 W7 23 9 19 65

86 . 4o 29 ces 17 5h

77 L X N} 19 26 e 17 38

96 coe 17 28 eoe 25 32

103 oo 21 oL cee ) 27

ose ees 25 21 cee 45 61

oee LN N J 7 [ X X J [ N N ] L X R J e

00 [ X N ] 15 [ R X ] L N J ®e® > 9

[ X X} [N N ] 13 oee [ X X ] L X R J [ X X J

[N J LN N J 22 L X N 4 oe e oe® [ X X J

ny, 12 8 17 13 8 13 13

zx° 183,539 12,176 13,148 16,660 3,408 49,502 96,802

>x 1,439 27k 420 422 132 632 1,030
z 119.9 34.3 ok, 7 32.5 16.5 48,6 79.2

s 998 399 173 2h7 176 1,565 1,266

Number counts
possible (nh) 168 168 168 168 154 168 168
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Appendix C

Table 3, Stratification of Boat Counts by Days. Intensive Creel Census

of Pontiac lake, 1949

Number of Boats Counted

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

126 31 69 12 1 1 63

k7 28 58 16 1 n 5

143 34 58 39 11 3 108

66 k1 51 17 26 8 113

ok 21 19 33 21 15 16

87 19 27 37 3 7 27

93 16 69 39 2 22 Ly

h’7 5 oo e eoe 2 o e 29

67 u ees [ X R} 2 (X A 7

h8 5 T X ece 1 soe 39

[ X N ] o e I X N J o 2 o8 e h‘l

o, 10 10 7 7 11 7 11

Zx° 96,346 . 5,706 19,941 6,189 1,266 1,088 38,331

=x 918 204 351 193 T2 70 541
X 91.8 20.k4 50.1 27.6 6.5 10 49,2

s2 1,342 172 398 1hh 80 65 1,171

Number counts
possible (Ny) 168 168 154 154 154 168 168
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Appendix C

Table 4. Stratification of Boat Counts by Days. Intensive Creel Census

of Pontiac Lake, 1950

Number of Boats Counted

Sunday Monday  Tuesday Wednesday Thursday Friday Saturday

83 17 157 31 6 7 23
g2 21 221 28 5 13 19
78 19 276 21 6 10 27
T2 16 6 (o) eo s PP 18
4l 3 2 15 ese ese 11
37 2 lh' 18 LN J soe 1’4‘
31 5 12 19 ees eos 18
ose XX ] 6 17 se e [ XX ) 29
I X X J N L XN ] 16 8 [ X X J [ X N 3 L X N 2
206 o6 19 11 [ N ) [ XX ] 0o
[ X ) [ X X J 12 9 [ X X J e @ o ®
o0 LN X ] [ XX ) o [ RN J LN X ) [ X N ]
ny, T 7 11 12 3 3 8
5 x2 30,632 1,385 150,843 3,651 97 318 3,425
Zx L3k 83 a1 177 17 30 159
x 62,0 11.9 674 14.8 5.7 10 19,9
s2 62 66 917 ol 0.1 9 37

Number counts
possible (Ny) 154 154 154 154 140 140 140
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Appendix C

Tabie 5. Stratification of Boat Counts by Days. Intensive Creel Census

of Pontiac lake, 1951

Number of Boats Courted

Sundey Monday Tuesday Wednesday Thursday Fridey Saturday

141 33 58 56 19 17 31

178 37 67 56 13 18 57

151 48 55 2 17 21 ko

120 8 0 12 25 1k

[N X ] 16 [ X X ] 19 X X J [ X X ] lh‘

LN N J ll [ X N J 21 *e® [ X R J 0

o®e *e e [ X K J ll [N KX J L W N J L X N )

20 @ [ X X ] L N I J h I X N ] L X N ] [ N ]

o e e [ N N >0 e 5 oe e [ X I 2 oo e

oo oe e se O 6 [ X X ] [ X N J [ X X J

[N N J *e® [ X N J 8 o0 [ X X ] . X N 3

ny b 6 3 11 b b 6

x° 88,766 5,203 10,878  T,340 963 1,679 7,003

£x 590 153 180 188 61 81 165
x 147.5 2545 60 1741 15.3  20.3 27.5

g2 64T 260 39 375 10 12 %93

Number éounts
possible (Hp) 1ko 154 154 154 ko 140 140
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Appendix C

Table 6., Stratification of Boat Counts by Days. Intensive Creel Census

of Pontiac lake, 1952

Number of Boats Counted

Sunday Monday  Tuesday Wednesday Thursdey Friday Ssturday

69 1k 19 2 18 78 9
83 19 18 3 21 8l L
88 21 18 2 ko 63 8
29 11 12 6 37 51 11
1 2 15 2 21 2 T4
I 13 21 1 27 3 89
9 0 11 5 18 1 52
B 0 5 oo 0 2 9
T 5 1k eoe 0 1 L
12 6 10 ceo 0 1 5
10 [ X B ] L X-N 4 [ X ) 3 3 [ X X 2
[ X X ] [ R N ] [ X X o0e 1 o L X X J
oee *e e [ XX J [ X X ) 0 [ X X ] [ XX ]
ny 11 10 10 7 13 12 10
3x° 20,642 1,37k 2,261 83 5,238 19,739 16,505
% 28.7 946 1h.3 3.0 14,3 ok, 1 2645
Lx 316 96 143 21 186 289 265
52 1,156 53.6 21.6 ko3 198 1,265 1,012

Number counts
possible (Hh) 15h 154 140 140 1k0 140 154
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Figure k. View of Public Fishing Site at Whitmore Lake

(Photo by G. P. Cooper)




-58-

d31DVLINOD S.1v0g 40 439NN

© o o ~ © un <

COUNTS
----<--- CONTACTS

T I I { ! I 1

| | 1 1 ] | 1

|
12
NOON

1
10

12

o o @ r~ o] Tg) <
d31NNOD S1vod 40 JY3IgNN

Figure 10,

AM




-96-

Table 22, Average Number of Anglers per Boat During the Summer Season on Pontiac

Iake for Several Years as Determined from Angler Contacts

Year Number  Number Average Standard Confidence
Boats Anglers Number Error Limits
in in Anglers of
Con- Contacts per Mean
tacts Boat

N Sx sx° = g2 52  s% 1.965%

1947 624 1463 3903 2.30 0.76 0.0121 0,110 0.22

1948 415 968 256k 2.30 0.74 0.0177 0.133 0.26

1949 202 b71 1271 2.30 0.86 o.0k2k 0,206 0.40

1950 150 334 855 2.23 0.65 0.0433 0.208 0.41

1951 4T 339 1309 2.31 3.60 0.0243 0,156 0.31

1952 207 Lol 978 2.05 0.53 0.0256 0,160 0.31




