


by Howard D. Tait

The cbjesctives of this study were the critical reviev of saampling
wethods used to obtain cetoh records in the Michigen Intensive Creel
Census snd the determineticn of procedures for messuring the precision
of estimates of the catch of fish per unit of effart, the toial fishe
ing intensity, and the totsl cstch, Accurete sud effictent sampling
methods are needad becauss the Intensive Creel Caamises conducted on
test vaters provids & basis for fish sanagsment policies vhich affect
many iskes and streams {n the siate,

The vesults of intensive creel studles of two lakes in southern
Michigan exre presented in this study. Included are records covering
all sngler sctivity (2214 anglers) on Bear Lake in 1941 snd partisl
census records cbtained through a sampling prograsm in the yesrs 134T
0 1652, Bear Lake 48 a small lake in Hillsdale County, Similer records
axe presented for comparison from & creel census of Pontiac Iake, which
is & large, besvily fished lske in Cakland County (sn estimated 40,000
snglers fished on this lake during the summer season of 1948),

These records were examined for informaticn sbout the verisbility
of catch-pey-hour data, sud of sngler- snd bost.count date, to |
determine the sample sizes required and to construct efficient schedules
for conducting other censuses on & sampling basis, Sources of blas aad
factors affecting experimental design are identified snd discuseed,

The efficiency of estimating the sversge caich per hour per sugler and
the average number of boats per howr by randos sampling 1s compsred
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vith the efficisacy obtained by stratified random ssmpling with optimum
alloeation, The effects of sampling from non-normal distributions axre
also discussed. BNHethods for combining date and for computing confidence
Juntts for estimates of total angler hours snd total catch of Iisk are
reviewved, and the precision sctually attained for these gquantities ino
the census of s representative lake is presented.
_ Beveral conclusions and recomstndstions made in this study are:

(1) The method of stratified random ssmpling, vith sllocation of the
census e«fTort among days according to the smount of fishing and the
degres of verisbility of cetch-per-hour and bomt-count data, is more
efficient than the wethod in vhich equal census effort i given to each
type of dsy.

{2) The numdber of sagler contacts mede in e schedule that includes three
half-days each week is usually adegquate for estimsting the mean catch
per hour in the sumser seascn but inadequate in other seasons.

(3) The poorest estimates in terms of confidence limits of the wean were
cbtained for boet counts, and 1t is probadly ia this ares that the
grestest iwprovements in the inteunsive census can be made,

(4) The nos-normslity of dlstributions of cateh dats may be ignored in
comparisous of means because sauple sizes are large but should be con~
sidered when estimetes of varisnce and statemsnis of the probability of
events are aade,

(5) Methods far computing estimstes of the sverage catch per hour per
aagler should inciude provision for weighting samples according to
fishing intensity.
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INTRDUCTION
Importence of Yield Studies

4214 studies have hecome an important ool of fishery resemrch
snd mansgewent. In fact, most of the problems which confront fisheries
workeys aye concernsd with the messurement and interpretation of fishe
ing quality, If fishing 18 poorer than expected, that is, 1f the
quantity of fish resoved and the catoh per unit of effort ave lov, one
puat exanive the fleh stock, the fish suvironment, and sagler activity
in ap effort to dsteruine the cause., Usually this is accomplished, in
part, through cme of the various forms of cresl cansus., Catch statietics
ané biological dsts gathered 4o 8 gracl census reveal muck shout the
size snd composition of the fieh populstion in & lake and the portton
of the population removed by anglers. The returns to anglers sre
usually neasuwred in terms of the setch of Tish per unit of fishing
effort, the total eatch of fish and the nusber of snglers sharing that
cetch, sad the total smount of tiae spent Tishing., If cresl stuiles
are conticued over a period long enough to identify fluctustions of
fish populstions and variations is the csteh, the expected yield to
snglars can be esteblisked., The encoess or fallure of smnegement
activities muy then be judged on the basis of returus to anglers.

_ Although creel censuses have had wide spplication to fishery
problesss the need still exists for the developuwent of accurste and
practicel means of estimating the yield by wodern ssmpling methods,

wle
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The Hichigan Departuent of Conservation, threugh its Institute for
Fisheries Hesesrch, osssures the fishing @uality of certain lakes and
streans Dy manps of en intensive creel consus. The purpose of this
progrea is to identify chenges in fishing succees that may result from
new fishing Wﬂm sud other m;% devices, The criteries
used to measure fishing quality aret the saverago cateh per bour, the
ertan.at successful englsrs, the specles couposition of the eateh,
end the total mumber of fish caught. Additional dsta on age and growid,
@&mmmn, apd on the ausber of suglers sre gethered to belp
in the evaluation. The test lakes under census wure gclected as being
reprossaiative of Hichigan weatera. The ywsults of investigations on
these lakes influence fish mensgement policles i the stete. Thus, it
is essontial thal eccurste inforsetion be availabls from these lakes,
At present the yield is estimeted from ssmples rather thasn froz &
complete cree]l census.

In this paper the ssspling sethod used in ths Silchigan Intensive
Creal Census vill be discussed, its sources of bias 1dsntified, and
ap appraisal aede of the precisiocn of estimetion obteined. Specificelly,
an analysis will be made of the method for sampling to deterasine bthe
averags catch par howr, the total flshing intensity es mwasured by
boat counts, snd ths total cateh of fish., Certsin probless assccisted
vith each of these astiaates will de considersd, m& metihode for
computing confidence limits will be presented. Beveral prectical
sampling schedulss for collecting catch records will be evalusted on
the basis of the precision actually obtained.
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The Pevelopment of Creel Census Hethods

The development apd spplieation of crsel census methods exe relae
tively recent sud heve taken plece for the most part since 1930,
Esrly intevest in thw subject developed 1n respouse %o questione ebout
the suitebility of vaters iz vhich hatchery fish were being planted
and the desirability of fish etocking. ’*ﬂ; importence of angler cateh
records as & messure of the success or fsilwe of fish pleating oper-
ations was recognised ag early se 1987 ia Michigan. In that year, the
Departaent of Conservation initisted & systes of collecting recorde to
deteruice the quality of fishing. By 193k there was 8 grovwing ausarsness
alssviisre of the peed for & sesswe of the angler's cateh (e.g., Clark,
1934). AL this time fishery vorkers in Cslifornis, Nichigen, Minuescta,
Hev York, sud Vermont were aleo sitempting to leern wore sbout the
supplies of fieh in their weters from anglers. Az early intansive creel
stuly of en individual body of water vas carried out in Versent on the
#iddlebury River in 1933 (Lord, 1948). Bechseyer (193%) studied the
fish catch in a Michigan lake dy mesns of & compleis cresl census
conducted by Y. 8. Civilisn Counservation Corps ("0.C.C.*) perscanel.
He defined many precepts of Creel census &g an aid to fish wansgement.
Beedhan (1937) aleo emphasized the value of creel data snd advanced
idsns concerning census methods which wre still sppropriste, He stated,
“The wmnt'ar the cateh per wnit of effort affords a dsfinite
mesns of deterniving the trend of the fishing 1o en intsnsively fished
lske snd con be besed on an annual rasdom sample of the catch,” Reedhes
(ibid.) streesed that both sucoessful sad wsuccesaful soglers should
be recorded and that enough records should be colisctsd to be statisti-
eally representetive. Hs recognoised the importsnce of collecting
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data yway after yeur, snd also coupived partial azd cowplete creel
consuses.,

Once the value of catch records was recognized snd generslly eccepied
ag 8a appraisal device, creel cengsus projects were organiszed in sapy
states and mm 1% msny types of probless, By this wesns, for exaxple,
iord (1935) wes eble to dsmcastrate over-Iftensity of fishing on &
Vermont test trout stresm. Hasxerd sud Eschoeyer (1937), using s census
mathod, concluded that vinter fishing wvas not gemerally haemful to
summey fishing 1o Michigss. In 1937 the results of other cresl cansuses
condueted in California, Wisconsin, and New Hampehire vere reparied to
the American Plsberies Socisty. Hazzard and Stetter (1939) studled the
results of planting legal-size trout iu the Pine River in Michigso by
sn iuntensive system which covered o large proportion of all fishing on
the river during the study period. Also, in that jyesr, Frey, ot al,,
reported the results of ¢ susmer creel study of tele snd angling pressure
of two large Visconsin lakes. Additional investigaiors have used cateh
dats to study the effect of woonlight and/or eclimstic conditions on
fishing success: e.3., Hottley (1938), Wright (19%5), and Cooper (1953).

Seversl wathods of conducting creel censuses svolved as various
fovestigators attampted (o swesure the jyleld from fiaberies in different
aress and under different field conditicus. Each was characterized
both by positive velues and obvious limitations snd sll sre in current
use, The stepe in the developwent of these methods svem to have been
in srder as follows:

(1) VOLUSTARY, Initial afforts to learn something sbout the kind end
Guentity of fish caught by ssking fisbherseo to report woluntarily,

(2) CoMPULBORY. Adopilon of & compulsery system requiring that suglers
report their cateh,




o

In the extensive or geneysl census, fisherwen are

contacted from most types of vaAters over & large eres, Few
records are obtained for a giver body of water, but ¢olleetivaly
sver B lsrge sres many returss are gathered.

(4) MTENSIVE. The sesd for exact informatics proupted adoption of
more datailed stulies on certein waters. Is intensive programs,
complete emmeration of sll fishing setivity is attempted,

{5) SAMPLING. Incressing dsmand upon svalilable fusds and personsel
for census atulles led to the development of sampling sethods
for gathering cstch information.

& discuasion of this sequencs and the investigstors chiefly
resposstble follows.

The earitest atiespis to secure catch data depended wpon engler
cooperation in ¢ voluntery reporting system., It scor became uppareat
that & woluntary systea would not slveys yicld enocugh records for an
intensive stuly. Lord (1945) described his early sasuccessful attenpts
to get angler cotperation and conmparsd voluntary census returas with
records sbiainsble by use of e coabivation fishing psrmit snd compulsory
statemont on effort and success. In contrasi, Californis early employed
& voluntary system of creel cemsus,Croier (1937). Curtis (1940) compared
this voluatayy systes with sundstory ones, and discussed the velisbility
of the estimates obtained, and the dissdventages and wacertainties of
the procedure,

‘The cozpulvory permit systes which grew ocut of the experisnces
wvith voluntery sagler reports has been eminently satisfactory and
cogtinues to be a method of gattiag perbaps the most complete and relisble
records which can be obtained., This is particularly true when the



whim

method is used in conjunciion with & strateglcelly located and sdequately
staffed checking station. It is costly, bowever, and is perbaps
undesirsbly restrictive upon sogler sctivitles,

The sethod of Jensral Creel Cunsus in secwring catch records xppesrs
to have originated in Michigan in 1927 and has been continued to dete.
With scme modification, 1t has been uwsed frequently tn other ststes and
in provinces of Canads, In this procedurs, conseyvation officers {and
&t tlmes, other workers) collect catch records from anglers 4n the field
from all parts of the state. Although dats gathered in this aanner
yields useful infarmation about the geographic distribution of fish,
and indicates apparent trends of Lishing guelity, they have rather seriocus
lignitations, The returas sere varishls and the lov nusber of records
collscted from suy one water ares sllows only crude sstimates of fishing
qurlity, and wsumlly gives no faforsation about the total yield.

It may be aald that the methods of inteasive creel census were
daveloped to overcome the forsgolng limitaticns, As previcusly indicated,
they ars of two mejor types: complete censuoes covering all angler
sctivity, snd pertisl onss based on sampling prograus sitespiing to
secure records repressntative of all fisherasn., The annlyses of thw
fish catch by Bachmeysy (1935) were bdased on records chialped by &
mearly couplete intensive procedures. C.C.0. enrollees;, undsr supervision,
contactsd nearly all asglers fishing Fife Iake in Michigen. All
anglers were cbserved and the small portion not actually contacted was
noted. Thus, the totel yleld of fish and the efficlency of anglers
vere both gquite accurstely determined.

Any widespread applicstion of the coaplete, intensive method ie
extremely costly, probably prohibitively so. As a result, various
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senpling programs vere employed, but, far the 208t par:, these were not
bassd on sound statistical precaduwres. It is probable that the results
of scae investigations wure unrelisble end that the conclusions which
vere zais wesre unverranted becuuse of this insdegquacy. However,
investigstors were ususlly avere of the need for laproved swspling wethods,
King (1539: p. %) stated, “Ike complute wz;a& is being conducted on

only taree stresmes this season, bat we are stitemptiag $0 obitain repreeent-
ative ssaples of fishing retwrns ou other stresams whensver possible,”
Hagsard and Stetter (1939) describved census recards collectsd on the

Pioe River as not complete, dut belicved them to be an sdequate statistical
sample of the season's fishing. Escimeyer (1939) cited perscunel
cupsbilisies s & factor which limited the cumparative relisbility of
dats for the seversl yewrs. Glmilsr comments gleased from fishery
literature Wypify the looss status of creel census sanpling prograws
during the pericd 1935 to 1gkl. "It is estismted that the catch records
are §5 percent coaplete.” "The data cbtained seem relisble with reference
© distribution sud nize of sauple” “....Both the cresl census end the
fisheraen count hye only spproximstely correct....,” ete., Thus, some
eaxly investigstors were avare of the possible spplicetions of sempling
methode to creel censuses, Bventuslly, sttempis to develop wore precise
statistical treatment of ceasus dnts folluwed.

Asnong the first investigators to apply stetistical methods o eresl
census dota was Motiley (1938) who wsed the statistic "¢" to test
differences in fishing quality during phesss of the woon. OCwrtls (1940)
considered the problem of non-responss from snglers. The work of
Sichuck (1942) etands ocut beceuse of his use of traneformations to
sorsalize data apd his adsptation of experisentel designs, analysis
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of covariance, wnd the P-tent of significauce to yleld stulles., Wright
(1545), working on the effect of wmoonlight un fishing success, ahowved
the spplicability of certain statistical methods to creel studies. He
paired cateh.per-bour dats from & partial census end studled the ssan
diffurence with its stendard error, and used s "1" vest of significsnce.
Barlier Wright (1943) noted that ia some situstions catch-per-hour dats
can lerd to erronecus conelusions unless statisticelly appraised.
Tarswell and Miller {1943) stulfed the smownt sod variation of fishing
in the lower 7.V.A. ressyvoirs by & method of "stratified” rasiom
sanpling. Ssaple counts vere made, from & moving sotorboat, of bank
sad bost fishermen, snd total fishing fatensity wes estimeted. The
suthors recognised the great variabllity in fishiog intensity, in that
atandsrd errors of masn counts varied from 8 to 100 percent of the |
wean. 7They descrided (19831 p. 248) the seupling method us follows:
"In order to dlstribute squally all factors rvespousible for the veriation
in fishing intensity, the period over which counts were sade ves
‘stratified’ by dividing it into 10-day pericds during which time &
complete count of the thiree reservoirs vas made.” By stratification
thess worksrs asant mt.farmeh 10-day unlt the section to be counted
and the dey it was t0 be counted were determnined by drawing numbers,
This method enebled them to wake three complete counts on each
reservoir per month. This use of the term "stratified” is not in
accord with the scoepted statisiical memning of the word, but thelr
fatent is clesr. In gensrel their wurk 1s sn lmportant contribution

to the development of methodology in this field. However, their
statements concerning standeard errvor of the sean count are vegue, and
sore isportantly the tebuler deta presented on the calcwlated pusber

of Ffishing trips seom to ignore the lapge standard ervors.
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Some of the recent vorkers (c.»g.‘; Calhoun; 1950, Moore, Cope
snd Beckwith, 1952) concerned with yield studles have taken full sd-
vantage of modern statistical methods, being wware of the faherent
varisbility of cateh dnta and errors iovolved in estimating the yleld.
Howewer, msny contesporsry studies are still based on catch dsta
ubich st best are of limited application. Some vorkers apparently
restot statistics es & useful tool, and gether catch records without
recourse t@ saxpling theory or methods., The resulis of such investi-
gations and the conslusious drawn frowm them would elicit sore
confidence if statements about the sdeguacy of the sampling progras
spd the precision of the estismtes obteluned were included in the
publiished account.

Sampling Applied to the Intensive Crecl Census

: Cateh Becords
Seversi types of creel stulies ere conducted on Michigan'e lakes
and streans;, including the Genersl, Special Trout Sireaz, and Intensive
Iake Censuses, The Istensive Crecl Cenaus vas designed to provide
facts sbout £ish and fishing from the “test” lakes previously described.
A constderable portion of sll fishing activity on these lskes is
included in the census, snd estimates of the average cateh per howur,
the total musber of sngler howrs, sod the total yleld of fish, are
poesible, On Michigen's test lakes, & census clerk contacts anglers
end cbiains informstion on the nusber of hours spent fishing, the
nusber of esch species of fish caught, the method of fishing, the kiad
of beit used, and so forth. Each sngler-contact provides information
ebout the catch per hour, The totel anusber of angler bours speut on
the Iake 1s determized indirectly through boat counts made et fraguent
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intervels. Approximations of the totel cstch are derived from the
yreviously obtained estimates of averags catch per hour and total
sagler hour. The ssapling asthod used snd the portion of anglers
intervieved has varied somevhat during the severs) yesrs that the
census bas been in vperation (m Christensen, 1953}, At prasent the
days on which the census i3 to M condunted sre seleclted syammﬁeany
(ususlly starting with the opening duy of the fishiag senson}, skip-
ping wnifors gaps of days. Bach doy of the week appeers in the semple
sbout equally during the ssason (Table 1), Allowence is wade for
days off (i.e., vecotion days for the techuicisn) snd st times the
mmmamemauL@tmhmmﬁmam. On the
daye selscied for census, the technicien contacts saglerse at rendom
a2 they complete their fishing trips and uekes periodic bost counte.

It s nusumed thet the days that are consused are representative
of all dsys. That is, the sezple mewns obtained on days when englers
ere contacted are unbiased watinstes of the true sverages for all
days. Sisilarly, it 1s hoped that the method of selecting anglers ms
they leave the lake will result in undlesed wverage wvalusas for the
eutch peyr bour and the number of anglers per boet,

The preclisicn ané accurscy of seasonal catch records would not
be questioned if 1t were prectical to obtein complete coverage of sll
angler activity oo & lake. The fnharent varisbilisty of yield dsta
wvould still remsin to influesce fiducisl statements aboat the averuges,
but 1if the odjective is e lesrs hov many fish are taken by englere,
sad &% vimt reate they are removed during a given perlod, then & couplete
creel cenmus vill yield exset information. Hovever, if it is
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Table 1. Systematic Method of Gelscting Days ecd Nours cu Wnich to
Waemleaﬁm
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considered in proper perspective as only one out of all possible cresl
cansuses of lekes under similar conditions, the complete census fteelf
bacomes & ssaple, Eence, it is necsassry to study catch records usder
difterent conditions of fishing pressure and ovey ssveral ysars, in
order to sppreise the nature of t?ti.r varisbility. It is fapossible,
hovever, to msasure the catch under all conditions of fishing pressure
because anglers mey or sy not be present to Fish the stuldy ares,
Experiments can be continued over a period of yesars to messure the
variation betweon years, but the canclusions drawn still contein the
eloment of probability.

Deciston to Sasple
If the fishing quality that & lake produces during sn interval
can be estimstesd with chosen precision from e cemsus of ouly wt of

the fishing activity, it is obviocusly wore efficient to conduct the
specified eampling procedurs than to operate & complets creel census,
Further, if the smount of effort required to deteruine the averege
eateh asd the total yleld can be reduced, svailadble psrsonnel mey cover
wore lakes or perfors other duties. The decision to sample is not
eksy to make on the dasis of efficiency alone, Perhaps only on large,
beavily fisbed laims is the decision cbvious. There, it is often
fgpractical to interviev wore than & small proportion of the anglers
bacause of the phiysical sature of the lake snd the smount of fishing
activity, If snglers enter and lum & fishing srea at asny pointa,

or 1f thers is an extensive development of cotteges slong the shore,
the difficulty of contacting a1l suglers is extreme. These are cbvious
constiderations in 6 decision to seample. The relationabips betwsen

the vartadbiliity of cetch data, the desired precisicn of sstimetes, and
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the required semple sise, are more obscure but also csuse concern.
Mw, it will be shown thet a sample of the sise needed to aschieve
desired accurncy mmy be impossidle to obtain,

Apother consideration is the comparstive sxpengse of the two
methods, The cost of & sample census may be greater than that of s
cosplete couat, The initial plsoning, exscuticon, and saalyels of
sexple censuses mequire trestment by specielly trained pesvsonnel. In
some situstions these limitstions, combined with the requiremsnt of
iarge sszples, way indicate that & complete census is most practicable,

Thvee indices of fishing quality and intensity-.total catch, total
effort, end cstch per unit of effori--are of primery importaace in

the Michigen creel census. The number aad kind of samples pacessary $o
estimate these indices largely detersine the census schedule., Ceriain
other dats relsting to the species compowition of the catch, the
distribution of sngling effort and the type uad succees of fishing
gear used, ave collected, but the sampling effort regquired for the
primary estivetes vill ardinarily be edequate for the less luportent
cnes. The objective 1s & ssapling progree wiich will produce unbissed
estinstes of all indices with usable precision and winimum cost.

If nothing is known about the populstion, ssmples of the anglers
and of the fishing effort should be selscted by unrestricted random
ssmpling vithout replacegent, but a pattern of stratified random
saipling cen be used Lf separate strata can be idestified. Stratified
randon sampling resulte in practical census schedules for field
personnel, and way yield & smaller variance of mesns and cousegquently
fsproved confidence limits for estimmtes., This is tinw because tha
nusber of anglers varies between and within days (Pigures 1 apd %),



Figure 1. Distribution of Anglers by Howrs During the Sumser
Season, Bear Laks, 194 |
Ronr 1
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Figure 3. Distribution of Anglars by Munths, Bear lake, 1901
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gains 1o efficiency may result frosm stratifying the populstion of
auglars by bouwrs or by days,
?aniﬁgfgguggwﬁo%g%g
snd Gnys to intlude in the censns scheduls, will depend on the
wmrichility of the catch dsta, the precision of estimating desired,
snd the confidence level ot vhich statements shout the precisiocn

_ will be sccepied., Yor exbupls, sn estismte of the asverags catch per

hour wey be desired within plus or wipus onmwtesth of & Lish per
hour, Thet ia, enough saglers are to be conimcted to insure that
the probability is 0,95 that the true aversge i within O.) fish per

_ hour of the sample wean, This cau be s rather exscting reguireswnt

and such precision is oftsn Aifficult to obtsin in seascusl estimates.
The difficulty stems fyoa the extreme variability of cetch-per-hour
datu, Even 4f al) dut & fev anglers are iacluded in the ssmple, the

 uncertaiuty of the cateh of the wxcluled snglers prohibits very
positive stataments adout the trus average. Eithaer the 95 percent

probability level, or the coafidence {ntervel of 0.1 fish per hour
will often have €0 De relaxed if sdeguete semples are unobinimable,
At this precision, the wariadility of catch.par«houwr data may require
coutects with more suglers thes are presest during ceptain periods,

It 10 neceseiry to guerd sgainet bias in the selection of anglers

to include in ssmples. A sewple is blesed 1f certain saglers or growps

of auglers have & coasistently detter cpportunity to be inclufed then
do ¢ther anglers. The elimination of bies is faporient because the
error introduced is systesatic and may be coopiderndhle. Its megnitudas
i3 uswally wnknown end walike senpling error 1t camot be predicted
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with confidence limits, Tvo scurces of bisz will be discussed: the
consus takers in the field, and the method of choosing the sample.

In theory, the snglers %o be contacted for catch iuforsstion sre
chooses at rspdom from the populstion of maglers on the leke during the
study pericd. In practice howwver, rendompnsss mmy be difficult to
attain, It 15 ofteu esaier to centact some anglers than sthers, For
exsuple, it is convenient to interviev snglers st points of public
access tc the lake, but thess anglers may not de typicel of all snglers
(Migure k). They may be better or poorer fisherwen on the aversge
than cottage owners or anglers fishing frow boat liveries, apd should
appesy in the ssapls cnly f{n the proportion thet they exiat in the
total populstion of anglers. Therefore, ww sust be csutiocus shout
securing samplas st these locstions to the exclusion of othars,

Intensive creel censuses ave usumlly continued over several years
MMMW&“%M&N@MW&MW@
ocour with time, am-mmmm:mmmmm
other loca)l fiskersan become fanmilisr with the chbjlectives of the cersus
snd the activities of the census clerks. Must of them are then quite
coaporative in glving the desired taforsation, some sven to the poiant
of soeking out the census clerk so that he may record their catch,
Although such cooperation fadicates public scceptance and lsterest in
the project, there is the possibility that dias can be introduced
fnto ssmples under sush conditions, Tue cooperstive snglers mey
sppesr in the sasples move often than would be expected 1f the selecticn
of snglers vas entirely et random. Biss would ccowr if the success
of thess cooperative anglers Aiffers from that of other anglers.

The sanner of recording the ssoust of timw an angler spends
fishing say be considered & source of biss, Fishing time cen includs
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the time sctuslly epent fisaing, f.c., presenting the bait to the fish,
or it sy iscluds time speat assewbling tackle snd treveling to the
angling site, The time to be recorded shouwld be decided in sdvence
of the census and will depend cn the type of etudy snd to some extent
on prior knowlsdge of the fishary. Ususlly all of the time spent co
the weter is included us fishing tiaw oF angler howrs. Even though
theye sty be an inefficient fishing pericd during which suglers sxe
assembling tackle and traveling to thelr favorite fishing apots uo
sdjustasot for this time seams secesssry., Augler bebsvior asppears to
be about the same on sinilar lakes from year to yesr, and eny syror
istvoduced in catchepor-bour dsta by inocludling @ll angler tize on the
vater is prodably consistent in dats Veing compared. It ie¢ lmportant,
however, that the procedure be stanidardized for all study sreas so
dats will be comperadle.

The precision of seasuring fishing tise is seriously cpen to
questios in aay system vhich depends o the anglers' mewory. Plahermen
ordivarily 4o not know, upon completing o fishing trip, the exsct time
at which thwy started to fish,

The comeonest biss in catch records resulis from fuilure to include
unsuccenssful saglers in proper proportion. Meilure to do ap will
produce $uflated cateh estimates, This type of error occurs chiefly in
voluntary sngler returns. It is 2ot likely to de a3 important in the
"Mﬁﬁlﬂ census conducted by trainod perscunel, but certainly is
possible, It 1s & commonly cbheerved fact in saspling wethods that wore
relisble results are obtained 1P the selection of individusls to appear
in ssapies is mechanical (tadles of rondow numbers, etc.) rather than
lsft to the discretion of the ocuserver,
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Biss mey occur vhen the sthedule for conducting the census, {.¢.,
~ the swiple design, sllows certain days or hows to eppesr consistently
more often than othars in the samples. Fishing quality and the intensity
of fiahing veries ou 4 1ske mmeng ceriain pericds of the day, and alsc
betveen days. The selection of days spd hours op vhich to obtain
cateh records, aod the methods of cosbining Gata need carwful consider-
stion 47 unblased estinetes of yield are to be ocbimined. Probleas of
this %ype will be teken up in the following sections.

an fodex te fishing quelity dut im very important is the ealeoulation
of estiontes of the total cateh of fish and total mumber of snglers,
Thsrefore, the prodlems of saxgpling and sources of hise in cbtaining
this value will be considered first.

SAMPLES TN THE INIENSIVE CREEL CERSUS

Method and Prodblems of Estimuting Avarage Catch per Hour per Angler

There sre two smthods for computing the aversge rete of catch,
(1) In one methnd the ausber of fish caught divided dy the nusbher of
bowrs spent fishing 1s computed for cech sagler snd then all such
vecords sxe sumaed for the sseson or other atuly pericd. This simple
srithmetic sverage of all individusl emteh per hour values (s deafined
a5 the average catch per howr per sagler.

(2) In the other method the Sotal sum of fish csught by all saglers
£9 divided by the total susber of houwrs fizbad by all snglers. This
Quotient is called the sverage catch per howr. OF these twe expres-
sions for rate of catch, catch per hour per angler is more useful
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because the varisbility of the dais can be measured for use 1n statistical
soalysss, For this resson 1t 1s used 1o the Intensive Creel Census and
ia this paper. 7The meihod of computing the wversge cateh per howr per
anglsr is not complex, dut as will be shows in & subsequent section

the aethod of collecting catch records for the computation mey affect iis

" A bestc assumption of the sampling program is that the snglers vho
are contacted for s sauple of the catch per hour per sagler are rendomly
salected from all saglers Fishing the lake, Is ctber words, it is
assused that sp widissed estimate of the trus sverege results from the
sawple selected. Strict randcm seupling, however, will sot necesserily
gtve the most useful estimates in terms of lov ssapling ervor. Although
thn estimntas so obinimed wey be uchiased they might be highly ervstic,
espeeislly vhen the nusber of snglers contacted is low. Wheonever
deviation from random ssupling 18 wndertaken the wethod should be
exanined for svurces of biss,

Thyee separate questions will be taken up in the following sections
eoncerning estimates ’at aversge eatch per hour per kagler.
(1) ¥hst i the moxt sfficient ssmpling wethod, or scheduls for cone
{2) Hov msny sngler contects are nocesssry for & given precision of
estiamtion?
(3) How should data be sualysed to sdjuwst for disproportionate
ssapling?
In addition to these questiocns the precision actually attained in the
Intansive Creel Census o seversl lakes vill be determimed.
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of sugler contects pecessery for estimates of the average esich per

bour per sagler depevds on, smong other things, the wvarisbility of the
individuel emtch-per-hour values encountersd. It has been noted already
in this study thet eatch data are extremely varisble and this variabiliiy
sy be 3 limiting fmctor in the application of ssupling technigues %o
cresl census studles.

It 1s possible to estisate the nusbwr of sngler comtacts thist will
be pecessary for sa sctual census if some sdvsuce information is available
sbout the variabllity of the catch data, From the relationship
% - i. -®

s (Bnedscor, 19485 p. 4ST)
8

Ve

the sssple size required for a glvwen precision and confidencs level zay
be estimsted, This relationship, vearranged snd solved for 3, is

g 55
vhere (I -~ w) 8 the waxicum Aifforence detwser the sumple awas ssd the
thm population parsseter @ thet will be tolarated in the study
st band, and 52 is en estimate of the population vartsnce (%) from
previous semples. For e given precision of estimeting and at eny
significasce level (o.g., ¢ value ogual to 1.96 at 5% level) the required
¥ will iscresse or decreese with 89 (Figure 5). In this procedure 1t
is assumed that the distridution of swans fe approximmtely sormel. The
validity of this assumption will be discussed in & subseguent section,



Figure 5. Relstionsbip betwesn the Bequired Nusbar of Angler
Contacts sudl the Varisace of Cstehepar-Bour Date
for ¥arious Linits of Precision apd at thw 95
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An sdvance estimate of the variasce may bte available from esrlier
cousus vork or from preliminery recurds gathered at the study sres,

Au estimste for Beer Lake of the population varisses (0 %) s avatl.
wble from the varisuos (57) of the {odividusl cateh records. Appropriste
 walmms vere inserted in the familier forsuls for variasce a8 follows:

T - (T a)®
82 o N
8.1
(1683)2
ﬂﬂl gt ul.mw* Iﬁo.ﬂﬂ
1813

Therefore at thes D9 percwnt confidence level apd & precision of 0.1 fish
por bour the reguired mumber of sngler cootacts s

g (262079 | o0
(0.1)8

At the 95 percent coufidsnce level this vequired ssspls sise reduces
aceording to X = 608, and 1 one were to be satisfied with s precision
of 20,2 fish par hour, at the 95 percent confidence level, the sample
size is furtber reduced to ¥ = 172,

It is appayent that & large proportivn of the anglers must bLe
contasted %0 rﬁﬁa s precieion of 0.1 £fish per hour 1f the sampling
spproach is strict rendom saupling. Tvo reasons prompted investigstion
of this verisnce and the rather large required ssuple size: (1) some
increase in efficisncy of saoplisg may ba possible If the components of
this totsl varisticn sze considerdd; snd (2) rendom selection of s
sampls from the total population of snglews s net & practicn]l fleld
technigue.



orpection for Finite Populstion, Cochran (1553) suggested a modification
of techulque in estismting the required sample size vhere the ssaple
18 a large fraction of 2 finite pepulation. Cochren's method was applied
8s follows to the Bear Lake 1041 dats for 2 more precise estimate of
the sivndard error of the mewn csich per hour szd regquired ssmple gize,
N 1a the required susber of angler costects after corvection of sn

initial estiamte Ho. | |

o

I*T

¥ - {Cochysny 19532 p. 56)

e 8 __ «igp
. 668
e TTY

This is & considerable reduction in the ssaple size reguired for the
95~percent-0,1-Cish lovels sssuning rondom sampliog.

A further increasy in sfficiency in sanpling, 1.0., mors sccurste estimmtes
fov 8 given smount of census effort snd/or moaey, is possible if the
population of snglers can be separsted into categories or streaia which
are wove hwmm the entire pppulation. Anglers fishing on

& lske sre naturslily stretified by days, snd alsc way be separated fato
verious pericds within dsys., If certain days sre more or less homoe
genrous with respect to okich per hour psr angler then sre othar days
of the week 1t might be sdvantsgsous to sasple sore or loss often on
suzh days. The dsys on which the fishing intensity le¢ wusually kigh
ave suspected of having wore warisble seen catehes than days of low
intensity, Uswlly, sore fishersen appesr on lakes on veek-end days
and holidays than on weekdsys., The complete census data for Baar Luke
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in 1941 vere analyssd for veristion Letween days and within days
(Table 2). The sumber of sugler contacts required during the wummer
ssason sasuming random sampling, end after correction for & finite
pepulation, is k99 (from Cochran'’s formuls, ses adove).
 There are 7 days (Mondsy through Sunday) with 11 or 12 of each
oceurring during the season., 7There are certsin deys on which heavy
. enucertrations of saglers usually sppear: opening day of the seasong
~ bth of Julys snd labor Dey. These days are treated sepsretsly heres to
sarn 1f they should be sanpled more or lees heavily thas ordinary days,
Two methods of allocating the required 499 contscts smong the &
typea of days will now be considered--gqusl allocation, and allocation
in proportion to both sime and warisbility of strata, '

Equal Allocstion of fample, With equel allocetion & total of |
approximately 53 contacts would be sade on esch type of day (k99/B = §3¢).
The followiag computations concern the standerd error of the mesn aud
confidance Jiaits of the wmean for the 1041 Besr lake cetcheper-hour-pere
sngler data after stystificetion by daye, All cateh-per-bBowr data

were sualyzed separately for each typs of day to ésteruine the aean and

. yRpisnce of the respective strata. The wverisnce of the total mesn and
the confidence lisits for wesn catch per bowr (Dable &) were calculated
by the following methiods:

jence limits: & teg
Varisnce: -1 4 By (%, )8"2 (Gochran, 1953: p. 69)

vhers B « the total populsticn of 181k engler records; N, = tie totml
sumder of angler records in the day, stratua; o, = the size of the saumple
mmmmw:masf-mmme:m%smm.



Sable 2., Stretificetion of Bear Iabe, 1061 Cwntcb-per=Hour-pet-Auvgler Records
w bays |

am m Passiny ﬁamw W rmay sam;r Ealmyﬁ

Nusber of 519 133 1% 159 QY 295 ol 1%
M m .88 1,07 1.0¢ Q’t% 1,07 Q.93 QA-T& 1;&
Angler

m 'ﬂu% 2,02 1.9 1.88 1.57T 1% 113 1.09
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The resulting confidence limits of 0,12 for stratified racdon
sazpling represant souebthing of & loss of efficlency, Strict rendom
ssapling produced a movre preciss estiamte for the ssze totel ssuple
of k99 contacts than 414 stratified resdos seapling vith egual
allocation saong deys.

Optioam Allocation of Total Sesple, The u:rttn of alloesting the totel

sample smong strata in proporiion to the respective eise and variabdbility

of sach strotum were considered next. Developsent of this cethod of

optimmm allocation is credited to J, Heyzan snd is described by verious
authors (ses Snsdscor, 19481 p. 460). A fwrther discussion and

application er Reysan sampling is included 4in this psper in the seectioa
concerned with the sllocaticn of dboet counts, Allocation of the #99

sngley contacts by this method concentreted more ssmpling effort on

Swndeys sod reduced the totel pusder ¢f contacts to be wade on certain
weskdeys sud holidays (Psble 3). The werisuce of the mesn catch ves b JA

v i

co 1182ts of 20,97 ;) 047

_ oalculated, sgain by Cochran's forauls, sud con
wers computed for the mean (Tedle 4). This represenis a 3 percent
fwprovement for stratified rundon sampling with optimus allocation over
strict random saspliog.

These comparisous show only & small adventage for stratified
sanpling of m smell, relstively hozogensous population of angloers
sach & were entountared on Besr lake in 1541,

The sdvanisge of stratifying esatch-per-bowr data from 4 lake oo
wiich there is considereble fishing intensity was exasived naxl,

Pontisc Iakes in Oskland County 1s fairly large (585 scres) and
is located pesy o populstion center sod thus receives heavy flahing

[~

presswre .,
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Cosmay ) M9 L3 NI 148
Nentey  (2) 133 1561 188,99
Crwesay  (3) B 1.225 213.85

Vednosdny {3) 159 .31 217,99

Tursssy  (5) et 1.253 #7190

migy  (6) 25 1k 338.96

Satardsy (1) 963 1.063 300,63

Eolidnys 1% 1.0%k 135.50
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Sesacn 1824 - & m 2386




Table &, Compsrison of EBfficiency of Seversl Methods of Skmpling to Estimate
Avepage Csteh per Nour pev Angler. Besr lake, 1041, Suneer Bemson

———

Strict Baniom

wvith Eqguml Alloca-

tion Aaong Days

Allocation Awong

bays

| Towl Nusber 499

lgﬁ ‘ 0.00260

Rean Cateh 0.43

8,12

6.93

459

20,097

0.53
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Catch per bour records are avallable from this lake for several years,
but the cree)l consus hes been incomplete and so only seaples are avail.
able for anslysis. A trestamnt parallel to the sbove Peny Lake study
vas sccorded the dats for the 1948 swmer season with some chmnges.

The modifications vere :bat the streta verimaces (8,2) vere estiuates
caleulated from sauples and that the total size of each strutum

(%) ves estimated frow bost counts. These estimates may be blased or

fosccurste to some extent, bul the same values vere used for all three
ssapling wethods and are sasumed to be cosparsble,

An estisste of the required nuber of angler contacts is signin
aveilshle from the relationship of N and 82,

+2g8 o (3:800(1.66) | g

. ._.......@.... :
{i - m} .01

That 15, if the variance(8® « 1,66) of catch-per-hour-per-sagler records
that were zollected 1s taken 28 au estimate of population veriance,

and 1€ it ie sopumed that all anglers have the seme chasce of appearing
in the sample, then the reguired sauple sise 12 637, to obtein &
precistion of 0.1 fish per hour st the 95 percent confidence level.

The wesn catch per bour per argler in this exsmple iz 1.01 fiah,

Tha total nuaber of anglers is estimated to be 41,200 {Table 5), With
this large population the saspling retic 1s negligidle and the correction
for finite populstion is not syplicable,



Zable 5. Cosputatios of Estimtes of Total Fishing Intensity by Days Pontisc

Sm. Kon.  Tues, m.' Thwr. Fri. 88t. guq

Aot

120 35 25 3w L

Q-S’? L% 2,36 a.l? 1.53 £.51 ﬁ:‘i‘f

2hAh 67.2 59,0 7R3 3.1 1230 197.6

8,508 082 0 A5 1,19 42 1,907 3,083

| Bl &4 L5 B3 3.0 b8 &3
{6 Essiuste

%)/(3) x 32 12,900, 2,882 7,380 3,280 1,987 &,T6T 8,068 41,205




| Bstimates of the totsl awber of suglers fishing sach type of day
were darived frow Intensive Creel Census vecords (febles 5 and 6).
These values for Ny, vers substituted in the formuls for verisuce of
the wean for stratified rendeca sampling.

¥

1
- 1 - e, 2 ' ' Pe
ver, ¥ = ; By (¥, - ny) E:"" (Coctren, 1953t p. 72)

The 637 comtects, wiich is the nusber pecesssry for rsndoa sampling,
ware first alloceted egually smong the verious daye of the week, For
 example, & totsl of 91 coutacts would be sede o the Sundays dwring

the sesson., Thus, the n, velues sre egual in this spplication of ihe
fotmuls., Ihe velue obteined for standsrd error of the meso catch by
this mllocation is 0.0608, the confidence limits sre 20,12, This is
poorer precision then the £0,10 specified for sirict random sexpling.
Howvever, the apperent loss of efficiency for stratified ssapling with
egual sallocation may not be real becsuse ths originsl saaple was secured
mors By stretified then dy strict random sampling.

The totel semple of 637 contacts was sllocetad asong the days in
proportion to the total nusber of anglers and the stendard devistion of
the estche.per-hour-per-angler records (Table 7). These nev veluss for
w, vers substituted in the formuls for veriance of the mesn of stratified
randon sszpling vith the following resuli,

Var, .fst = {,.00259
Standerd error Ju, = O.04785
Confidence linits =20,0095




Teple G, Btrasifiostion of Cateh-per-Howr-per-Angler Records by Days. Pentise
Iaim, 1948

‘Bundey Monday Tussdsy Wednesday Thursdsy Fridey Ssturday

Total

Estimated 12,900 2,800 7,300 3,30 1,500 4,500 8,200
fusber of
Anglers

g8 6  nuy 18 B 200 232

.21 o2 0.8 1.03 0.53  0.98 R

k1,200

Q.96
1.86




Puble 7. Optimum Allocation of Augler Contacts by Deys, Pontiac Lake
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catel information on Pontise Leke during the susmer season. The schedule
for the census slloved sbout equal saspling on the different types of
dsys, but there was & teniency for the technicians to make movre contacis
on days when meny englers were present, %; distribution of those
contacts vas thus somewhal in proporilon to the fisking intensity, and
the over-all result of the scheduls vied wvas & peRriy optismus aliccation
of the 969 contacts among days.

 An estimste of the precision sctuslly sttaimed was celculsted frew
Cochran's forauls for varience of the mess of stratified random
psapling. For coxparison the total sample of 959 contacts was etrstified
snong days with optimum sllocaticn (Zable 7), and the variance of the
wonn snd confidence limlts were recslculated (Tadle 8),

Teble 8., Couparison of Precision Actuslly Attained in 1948 in Estimat-
ing Average Cateh per Hour per Angler sod the Frecision Podaible by

Optimus Allocstion
85° 8%  Confidence
1inice
Actiml schedule of coatacts 0.00172 0.04147 £0,081

Optimum alloeation of contects 0.00157 0.03562 20,078
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The significance of these figures s, that although the sempling
schedule in 1948 tended towerd cptimus allocation and vas wore than
sdeguate to attain a precision of :0.10 £isk per hour (it sctuslly was
20.081), still grester precision would heve been possible 4if exactly
WMI'@MW 969 contacts had occurved,

The Giffersuce of & percent in the confidesce limits of the mean
(0,100.0.094), ss:deterained for stratified sempling with sllccation sud
for yandon sampling, represants & gain in efficlency. This reduction
{a confidencs 1imits should be translsted ioto an equivelent reduction
in seaple siss when the precision is fixed st %0,10. The equation for
sanple size is

1 g2

B9 ccione

% - m)°

vbere ¢ and (¥ ~ u)? are fixed values, snd 52 is computed from the ssaple.
Tne 5% value 1,66 for Pontisc Lake, 1948, was determived from records
collected more or less at rendom, and the vegquired § calculated ap £37.
Hovever, & nav estimate of the wariapce 1v avallsble after stretificstion.
The verisnce of the wean for stretified seapling is 0.00229., Fros the
relationship of the veriance of the mesn snd the varisnce of the
populstion (572 = ...;';}, 82 secomes

This nov eatimate of 52 is eubstituted in the formuls for sample sise.
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Be mﬁﬁ 4 - M—'&;x “é » 561 (epprox.)

As & check ou the sdequecy of 561 contacts the semple was resllocated
saong the wvarious strats es befare, (Tuble 7) end the varisace of the
mesn recsleulsted by Cochrsn's formuls for tmtm ssapling with
the folloving vesults, |
8% = 0.00260
85 = 0.05)
Confideuce limits = 20.10

Thus, for » fixed precision of #0.10, the awder of angler contacts
required to determize the mean catch per hour is reduced from 637 to
561 shen etratified rendcm sampiing with optisum allocation 1s sseumed
rather than strict rundon saspling.

In censud work It 1s usuelly assumed that "noreal etstistics” are
sppiiceble to the sitatisticsl trestasnt of @ valuss, such &s determine.
ing the steaderd error asd confidence limits of the mean. 4 besic
conespt of stutietice fe that 1f & populstiienfs norsally distridbuted
with varience 0~ 2, the distribution of messs of rendon samples of
sige n frox thet pepulation will e noroelly distributed with o warispce
of .%t « The atstrivution of catcheper<hon m is oot noresl, however,
It exhitits & serked positive Mﬂl (Figure 6). The sasumpticn of
porsality is used prisarily te ealculste confidence limita. A statement
thet the confidence limits are y * 1.96 8y considers the deviation of



Pigore 6, Frequscy Distribuion of patedpor-Hour-per-Angle:
. Data from Besr Lake, 1901
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 semple wesn velues about the true pepalasion mean, If the mean valuss

‘ are not nopmelly distributed the veriability of the mesn vill not be

. sceurately deseribed by 1ta standard ervor.

Tortunately, 1% Lue baen well ostablished thet the distribution
of ssmple means tendls 56 noreality s the sise of the sanpls incresses,

~ (see, for exsuple, Kenoey a&ﬁ%g 1951t p. 346}, It is feportent,
hovever, that the sise of the saaple of cetch records required for uee
" of the normal lsw theory te established. Cochran concludes that for

popuistions with positive skewness the ssxple should be at least

) 256y, viwre Gy 10 » msasure of skevoess.

G » 2 W (g »~ T)3  (Cochren, 1953t p. 25)
T3 iel
Yor the Besy take (19h1) date 0y = 1.6, and ¥ ves computed as 6k, This
weuns that at leeat G4 catchepurobhour records sust be Inoluded in the
ssrple for sssursnce that the ncywal lav tbeory is spplicsble. The
method used hare for conputing the skownese fuctor vas suggestad to
we by R, Cexrver, end is iacluded (Appendix B). Further discuesion of
this quastion ts pressntad in a stbseguent section on boat count
procedures. |

Sowever, in stetistical anslyses invelving prousbility stetements
sbout the parent distribution the degree of skewness sust be considered.
If, for exsuple, on eatimate 15 desired of Uwn owbder of apglers fell.
fog vithin & specified renge on eithor side of the mean cateh per hour
specia) methods must be used. In & noraslly distributed semple the
Fﬁm.iﬂwﬁggngaggﬁﬁnﬁw.%&mumn
tncludes 95 percent of the dats (X = mesn and 3 » stanierd devistion).
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To sstimate the cmber of variates vithin a specified istervel of the
men ooe need culy redice the veristes to stendsrd wite (v« L2
and refer to & table of the normsl distributicn in stendard units (¢ -
Table \e!' normel arces and ordinates).

A Qifferant trestment is neceassry for skev distributions such as
the distribution of the frequencies of different catch<par<hour values,
This distribution 18 not symmetrical and thé ouwber of anglers who have
less than the oean cetch rate is not equal to the number of anglers who
beve nore then the smen rete, In this cese considersble error would
reasult 12 tables of norsal sress were used., Instead, tables of aress
of Pearson's Type IIX Fregquenty Punction should be referred to at the
sppropriste level of skewzess and velue for t. (see Statisticel Tables
by Berry C. Carver, 1540).

The effect of ucn-unoramiity of the parent distribution of ¢ateh
records on estiontes of wariance 4s not a&s well knovn, Estizates of
the varisnce ere used in %two ways in this stulys (1) to test vhether
eatch valuss and boat counts on certaln days or howrs are more variable
then on othars; (2) to compere precision of estimsting obtaised by two
arthods-~strict resdos sampling and stratified saspling. The varisaces
of the cateh records snd counts of different days or hours will be
the basis for alloesting the ssspling effort smong days or hours, In
these studies little 4ifficulty 4s snticipated becosuse of errors in
estinating the variance, This is true Lecsuse the same estimetes of
variance are used in a compsreative menner. However, in other applica-
tions oo iden of the precisiocn of estimates of the variances sy be
needed, Cochran (19533 p. Z7) stated, "One effect ¢f nou-aormslity
1s that the estimated varisoce of may be sors highly verisble from
saaple to sampls thun we sxpect 1f we sseume that we are sampling from
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& pormal distridbution.” Purther discussion i® beyond the scope of

this paper, The resder is referred to Cochran (1953: p. 28) for & more
dstailed explanstion. The conclusion of that suthor is that the
precision of estimstes of varisuce Iheula be considered if that wvariance
is based on rather scanty data, In cm; stulies the nussber of records
is wsually lsrges und probsbly ne important error is introduced in
estimmtes of varisnce by sampling from s nodenormal perest population.

g Batios oo * _ Angn) - ! dng

An aversgs catcheper-howr value, such as & seasonsl aversge,
conteins records from periods vhich mre of verying fishing gquality
and fiehing istensity. GSome thought sust de given to the sise of
somples cbteined during esch period in relsticn to the number of snglers,
csleulsting averages are t¢ be avoided.

Fahing quality veries during the day, and the intensity of snglevs
on the lake changes considerably (Figure 7). Cetcheper-hour-per-angler
valusas sy vary in a cousistent msuner, vith perhisps a high value at
e certsin tice, or oay simply e erratic. Typlcelly, the curve of
fishing iatensity rises in the aorning decresses about midday, and
reaches o msximum in the evening houre. Thus, each howr during the
day is not of equal isporiance in calculating the sverage catch per
w. A simple exmaple with hypothetical date may serve to illustrate
this,

Buppose thet the sversge cstch per howr per sngler is desired for
ane day, asd further, suppose thet the calch-per-howr values of the

few anglars on the lake in the meyning are significantly different
from values in the evening vhen many more snglers sre out (Table 9).



Figure T. Total Fusber of Anglers Pivhing st Variows Bows and
msmmkummmm
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Toble 9, Hypothetieal Catch-per-Howr Values of ALl Auglers for
Ose Dey
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The true sverage of all 24 snglers 1s Table O 1s ‘w“‘?)a: (5"1’;1.7‘53

uummmrmartwm,l.e., 1.0 + 2.0 - 1.5 Tuals secus

too obvious to mention snd yet it 13 easy to overlook this simple concept
fn complling census dats. Suppose that instesd of recording ell suglers
that fished on the lake during the day only & ssampls vag tsken in the

soraing sad another in the evening. Ssaples taken from these homogeneous
populations will yield sdequate snd wnbissed estimates of the true mean
nanrdhn of size, These values might sppesr iz the samples selected:

£ R
Morning pericd 1.0 1.0 1.0 1.0 1.0 &

Evening pertod 2.0 2.0 2.0 2.0 2.0 2.0 2,020 2,0 8

The true sverage for the day &8 potesd sdowe 13 1.75 and not

(b x 1.0) + (8 x2.0) 20

» % 8
" 5 1.66

The sampls aversges, weighted dy the respective owder of saglers eech
period yields the true sverage, howewver, which is

ﬁ*,

anevensaian = 1.T%.
oh

The same resuls, of course, ensues if the aize of each sssple 1i»
proporvionate to the total number of anglers each period, asd thwe
siaple average of all records is calculsted, For exsmpls, if &
morning seaple of Ny » 3 or 50 percent of the total of € anglers, and
sn evening esuple of Np = 9, which is 50 percent of 1E saglers, is
selected, the true average is attained,
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(3 = 1.0) + (9 x 2.0)
12

- 1-?’-

This exanmple has bean oversiwplifisd in that the questien of adeguate
ssaple size 18 not considered, Actusl field data are _imh more varisble,

In preactice, the effects of sampling and the need for weighting
Srernges are not 50 cbvious as in the above $xemple. Several Ffactors
sust be opevuting concurrently twywmh biss to be iutroduced
{nto computstions of everage cutch per hour por snglér. These factors
snd the conditions undsr which they will produce bias in énmm are;
(1) VARYING FPISHING INTENSITY., The number cf snglers must change
warkedly during periods of the day.

CBARGING CATCE PER HOUR PER ANGLER., There must be a significant

differencs {n the yecorded fisbing quaslity (catoh per hiour per

sngler) betwesn pertods of differing fishing intensity.

(3) DISPROPORTIONATE SAMPLE SI7E, The size of semples drawa from the
periods of differing fishing fatensity zust fail to be in proportion
0 the total fishing intensity esch period. .

Clearly, fishing intensity varies during tas day., The atm{bmim
of snglers by bhowrs as cbtained for Besr Lake (Figure 7) is found to
represent conditions on meny lakes 1 Michigan., Sschmeywr (19%6) found
essentislly the saae pattern of fishing on Fife lake.

The fluctuations in fishing Quality (emteh per hour per angler),
however, are not so distinct, or as predictsbls., The Bear Laks catehe
par-bdour dets for 1901 shov su errstic behavior between hours, but
with & distinct difference betwesn the sverdge for the movning period
and the average for the evening period.

(2)
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The nuber of anglers contacted may or may not be in proporticn to
the total uusber of snglers present. On lakes which sre lightly fished,
such sn Benr Lake, the sumpling ratio obtsined ssems to ke pearly
constant, On lavge, hoavily fished lakes sampling is counducted from
& wide raage of fishing intensities and the ratiocs cbisined are zot
constant, but decrease vhen large nusbers of suglers are present (8s in
Figure 11), This is true beceuse census clerks are unable to increase
the pwber of contacts beyoud a cortaln level. The ssapling ratice
astually obtained seem to vary with the leke iz question, The physiesl
character of the body of water, the development of resoris, cottages
and liveries, and the attitude snd bebavior of snglers toward the
census cperation, all contridute to the esse or difficulty of cbiains
ing census records. Seapling ratios sre alse affected by variation in
the efficiency of clerka, Sowme obtaln more records thean others under
eonditions vhich mve spperently identicsl {Pigure 9).

Ths Intensive Creel Census has Lwen conducted on twelve lakes in
Hichigan over & pericd of eight yvears., Considersdble dsta are Wus
available which indicate the pusber of engler interviews and ithe sawmpling
ratios that ceusus clerks have chtalned under differsnt conditioxns.
™his information provides a practical basis for setting up schadules,
sad seconderily it 18 & sesns of evslusting the work perfurasace of
ths clerks in the fleld,

Boat count records and the slips on vidch angler coantacts wre
recorded were anslysed for Ber and Pontisc lskes for the years 1947 to
1950. The oumber of Losts that were included in the sugler contect
slips for esch day wes tellied by hours of the day. Thus, oo the hours
oo which counts ware msde of boets present on the lake, corresponding
{aformmtion ves aviilable sbout the sumber of those bosts that
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appenred Iin the angler contacts., This snalysis wns facilitated by the
method of recording dsta., All sngler comtact inforsstion for one
bost vas combined on one record slip. This ratic of the uumbher of
boats contscted to the mmber of hoats counted is defined s the
ssupling ratic 4ia this study.

£ Cuteh per Hour per Angler, The pressunt wethol of conducting the
Iobensive Creel Ceunsus at Besr Loke has resiulted in & feirly coastant
saapling rasio. The result is thet little ervor 1s introduced in the

coaputation of sversge catch per hour per sagler by » sisple srithsetic
aversge of all records collocted. A comparison of complete census data
for Besr lake in 1541 and subsamples drava fherefrom by the method of
the Intensive Census provides a asesure Of the sdeguascy of the methsd,
Before such & comparison casn be mede, however, it Is necesssry to

astablish the size of samples Lhat could be sxpacted to te drewn from
such s populstion of records, No saspling progrem wvas in operation &t
the time the couplete cunsus was conducted. As an alteruative, the

sanpling ratios sctually chisinsd on this lake in six later yesrs when
& ssmpling program uas operetive, provids s basis for swbhsaspling the
esrlier couplote dats (Pigure ). It is casused in thie analyeis that
the sempling ratics established fur boats holds for anglers slso. The
sverage subsazple size expected for & given intensidly of anglers wes
interpolated for the 1941 data from this curve (Columns 5 and 6, |
Table 10}, The additicosl date of Teble 10 are @ breskdown of susbers
of fishermen snd thelr recarded caich per hour by howrs of the dny.
For example, if an aungler fished from £:00 a.m. to 10100 a.n, bhe
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Teble 10, Hemple 2ire Selssted for Bear Lake, 1741. Data Besad on Senpling Hstios
| - mm Attatned In Six Later Yesrs

#mumm ‘ — _ wkmu

Time m Nusber Average Nusber Aversge CMtch  Tote)l Susber Averege Fusber
Recorded  Angler Sotre Asgler Howrs per Bow per Angler Roars Augler Hours
o Recorded for per Dey Angler for Setson per Day
Banson Expocted Ix Bapected 12

. Sauple ,wu

Gols 1 . Cel. ® col. 3 od, & Gol, $ ood, 6

B em M 3.2 1,90 2.2
G Rm, - 888 k.3 0.97
10 a.m, - seT 5.8 0,59
Lem 5% k.83 0,98
12 Hoen M3 2.39 0.97
1 pw 345 2.63 1.3
2 P 38 3.18 125
3 pame 516 L,18 1.19
b pem. 667 5,57 115
Pethe 713 5.8 1.18
Pelte M3 6,66 1.16
Pl s TeT5 1.0
Dems Wy 8.1 0.63
Pty 559 b 58 0,86

2.8
: 3'0
3.6

2.1
2o
247
3.3
3.5
3.8
ho3
b.b
2.9

ESNSEEEREEEN

b
9
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sppesred in the census ot &, 9, apd 10 o’clock. The trus catch per
hour of the cowplete dats s computed in the following manuer (from
colusas 1, 2, and 4, Table 10):

(361)(2.20) ¢ (5251(0.97) ¢ .... + (359)1(0.86) _ 8geB.5 _ . .
381 + 585 4 ...0 + 559 8434 |

Prom columns 1, 5, and b of Tadle 10 the average catch per hour computed
from samples drawn esch howr 1e

(258)(1.20) + (342){0.97) + ... + (354)(0.86)  ge394

; " ot - > . "%
268 ¢ W2 + ... + Gh 5185 y

This close agresment bstween the true aversge and the subssaple sversge

1 alsost too good, but it 1llustreates the effect of sempling in properticn
%o the nugber of saglers present (Figure 10). This result vas pot
expacted from & prelimissry discussion of the prohlss vhen 1t wes

thought that census clerks would 9ot be able to contact a fixed

Actunlly, the clerks are not able to maintain s constant gampling ratio

on move besvily fisted lakeas,

Sxample of the Sampling Rstics Cbtained oo s lake vith High Plehing
Inteustty and ths Difference betvesn Weigited and Ueveighted Calculations
of Averags Cateh per Hour per Angler. Pontisc Lake ves heavily fishad

The esspling ratio curve, however, is curvilinesr cver part of the
wide renge of intensities encountered (Figwe 11). Clesrly, the census
clerks ware not sble to sszple in proporticn to the nwber of anglexs



Figwe 10. Averigs Musher of Boats Contectod sud Souts Counted

i
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Figurs 11, Average Saupling Ratios of Dosts Contacted to Bosts
Counted, Poustec Lake, 14T to 1952 |
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yresent visn the gregter concentrations ceowr, Under these conditions
tonsidersble error tap be introduced in computetions of the sverage
veighted by the respective iotensities of anglers.

It 15 sssumed in this annlrsis thet thw smaples collected for
Pontine Laks vers adsguetc cud usbissed, but' the validity of this
assumption does not effect the eignificence of the folloving results,
This 18 & compariscn of two wethode of comdiaing the seme date, Once
estisates of the sverage catch per houwr, total fntensity, and the
sampling reatios heve beaen unde from thw fects aveilable, they must be
used in the same wagnsr as coxplete dasta,

Cateh per bhour deate wvers assemdled by hours for Pontisc Iake and
by tvo mathods, In cw of these trisls, an unweighted aversge wves
@tained by the siaple arithmetic sversging of sll records collected;
fa the other, the weighted sveregs was compiled by smltiplying the
svernge csteh per hour of ench hour Dy thie avaber of boits countsd
during thoss houre. In this coupsrieon differences between tlw welighted
ssd unweighted avereges ranging from 3 to 20 percest vere cbeerved
(Teble 11). Xt is clear theat two separate valuss for the average of
awhpcrm:mmmh,m&tmethmmw
the mathod of apalysiag catch records if arithmetic mistakes are to
be svoided, The need for velighting catch records bas bean demonstrated
here through en snalysis of the inteasity of anglers sud their cateh
by hours. Otber cccurrences of this error are possible. Records are
collectsd from Gifferent days and coudined for a dnily awverage.
Similsrly, seascusl estimates are ccebined to fornm an annual estimate,

Ton need for weighting samples should be coveidered wvhenever catch records
are being coubined. '



Table 1). Comparisen of Weighted and Usveighted Coputations of Seascusl Averege
Catch por Hour per Angler for Poatise Lakez. Welghted Values Were Obtained by
Mulsiplytag the Mean Catch por Howr per Angler of Esch Hourly Period ss Cbtained
from Contacts by the Nusber of Doats Cowsted ou tuw Howr. Unveighted Values Wers
Obtatned by Averaging the Cated Values Obtainsd Ssch Hour from Contscts

Year

- -Avegege Cateh
 Intensity

_

Averagns Cateh
Auglise Veighted
for Istenstity

—

>

Seror

X o

1949
1550
1953

- 208k

0,834
¢.787
1,138

1,058

0,765

0.95%

1.008

- 0.0
+ 0,04
- 0.207
+ 0.13%

3.0
6.5
20.8
32,8




OéB.
Problews of Estimating Total Pishing Intensity

o0d of Deriving Estisate of Totsl Angley Hours from Soet
Fishing tntensity, or muber of hours speat fishing, reflects the
popuisrity of & 1ake smong anglers sud 1e relsted, among other things,

to the fishing guwlity. Fartherenw, itis!mmm-inm
conputation of estimmtes of the totel yleld of fish, The procedure

sow used in the Iutensive Census for estimating totel sngler hours
conbioes information from contacts with snglers and dats from boat counts,
The nusbers of bosts on the lake sre converted ¢o total anglsr hours

for the sseson in the following wuasy.

Husber anglers Aversge nusber langth of  ZHusber of .
(1) “"“mm’ x boBts per howr , fishing L, deys ta ¥ ii"

Rusber boats | day in seancn
tn contacts fron evants howrs Hours

For suy given hour of the day the product Tamber of snglers xm“‘ﬂ
: per

Busber of boets

§{s eguivalent to the total mamber of angler hoars., This expression
cbtains from the fact that &b angler on the lake at one couhtiag hour
representa one bour of fishing. But, the seme angler say eppear in
succssding counts &0 the result of the foregoing aguaticn (1) is number
of anglsr howrs azd not numder of soglers.

The procedwre for estimsting totsl sngler hours 1s the most complicated
phese of the Intensive Creel Census in that meny varisbles sre involved, |
Buch of the factors in equation (1) is an estimate derived from semples
except the nupber of days in the sesson, and esch is therefore subject

to sexpling eryor.
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The evsrage sunber of anglers per boal is deterained from inforamtion
gained by the angler conisctis and 1s the simpls sverage Dusber encountered
in the boats during thase sagler contscis., There in, however, some
possibility for error in the result caused by bins in the scheduls for
angler conteets.

 The sverage nusber of bosts couated st futervals is presumbly equal
wmmm»ermmawmmmfmm, bat soce
Qumymy‘mummmmwtwam&%hmm
act colncide with 1ts elapsed time cn the lake, %uﬂum,mr
course, m the commting schedule snd on the techniques used. “

Shore fishermen and saglers sbrosd during darkness sre not counted,
Altbough the smount of fishing fo these hours 1s belleved to be &
relatively very uicor part of the vhole, 1t's quentity is not ascertained
fa the Mchigan Intensive method,

. These aasumptions snd gquasstions vill be comsidered 4o the following

sections alang with the fmportant question of the aumber of boat counts
roguired,

The tength of Pishing Day. The nusber of bours iz the fishing day is
as important factor in the ealeulation of total sngler houre. 7n
computing totel fishing tice it 13 sssuoed that the dete cbteined during
census hours s representative of all hours included in the fishing dsy.
~ The fishing dsy is defined bLromdly es the intervel cf the day during
which fishing occurs, This 13 s varisbles gquantity from day to dey sud
cheages vith sensous. Some flahiog 48 done 6% all hours of the day
aod night ot some time during the senson, but most anglers fish betwesn
seven o'clock in the scrning and dariness. It i prectical to coaduct
creel consuses during these hours of greatest activity, but rether
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difficult to cbtain records st night, Some sdjustmest may be secessary
to compensste for the portion smitted fros the census 1f complete yield
duts are required. Apparenily wost fisheroe: vhe srrive before the
geusus clerk memain long enmough to heve &n opportunity to eppear ia
sauples. Some error is introduced into the sstimste of total engler
bours by outtting the bours from darkuess to Seven in the moroing. It
is sdvaniegeous, however, to esteblish & constant value for length of
day in hours fur esch season. Hrree mey e lntroduced in isdividus)
caloulations of total angler hours, bubt ysar-to-yesr dais are more
Wl? comparable 4(f coustent time limits are used,

A vasis for dstermining the best vaiue for length of dsy is found
in the percentage of engler hours omitted from verious census intervals,
If this portion 1s aemall, end 4f the ceteh rets dwring con-censused
time 48 not different from the censused time, the estimete of total
angler hours may bte adjusted by the sppropriete percentsge omithed,
This was determined grephically for the Bear Lake, 19h), data in the
following way, Cwrves were constructed by plotting the cumulstive
m«wwmmwuv-ﬂmw(mm). Thus, the
percentoge of all augler hotrs included in & census starting at 8 s.m.
Van&emng et time of dericwes (9130 p.m.) asy be determived by
yeferring to the curve labelsd £ aum, snd will be found to he 36 percent,
Tois walus 4e obtatned by storting st the 9:30 p.s. polint on the 8 a.a,
cuwrve and projscting scross to the vertical scale on the left,

The length-of-Tishing-day valuse used in the Intensive Creel

Censun are 63 follows,
8priog 15,0 houwrs

Sumaer 15.5% heurs
ail 13.5 hours
Winter 10.0 hours



Census Intervals, Bear Iske, 1541
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| Taus, in compliling an estimste of total sugler howrs for the suamar
sesson the infiation is:

Bosts Anglers 15.5 Bours Eumber of
par % per x par % beays 1z
dour Boat - Day Sewsca

Yor the Bear lake dats 15.5 houre (6 a.m. » 9:30 p.a.) includes $5 percent
- of sll sagler hours.

The nusbeyr of days incliuded Lu esch of the several seasons voriss
to yosy. The awiber of duys included in each sesson for computatiocnal
purpeses in the Intensive Cresl Consus 1n recent yesrs s spprozimstely
a8 follovs,

Spring 56 anys
Buszey &3 dnye
Fall T6 Anys
Winter 17 dmys

I% 10 » metier of practical convenience to make ssglar or boat counts
on the clock-hour sod st regulsr intervals., For an individuml fishing trip
the tims recorded by counts wsy be consideredbly different frow the true
elapned fishing tisw. If, for exsepls, an angler fishes from 8300 a.m. %o
10130 s.m. be vould sppear in the 8:00, 9100, and 10100 counte. If esch
time he i counted is considered eguivelent %o one exglewr howr his fishing
time vould appesr to be 3 sagler hours, but the sctusl elepsed time is
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2 1/2 bours. Converssly, if he hed flehed from H:15 a.x, to 9:4S s.m.
he would sppear inthnﬁ%a.u. sount only or one angler hour, but
the elapsed time would be 1 1/2 hours. Boat comnts ars not made
fastantansously. They may teke as wuch as 1/2 hour to complete,
depending on sive of lake, etc. This tends to incremse the probebillty
‘ 'wtm;mmm-ml«mtmuwmﬁmm iske other thes
on the hour will correctly eppssr inm ez hourly count, I% may thus be
sssused with resscushle sefety that the discrepancisa in estimeting

the elapsed fishing time sve cospensating in the compilation of a
mml estinntes of the sversge nushay of suglers per bour,

Saveral factors affect the nimiber of boat counts that should be

wede on 8 lake to determine the average number of boate per hour. These
fnelude the varisbility of the nwiders of bouts present, the desived
precision of estimmting the sverdsge nunber, end the confidence lsvel at
which statesents will be sade about the precision attaiasmd, sud also

the prectical considerations of the asouut of time and mopey available
for the census. The ocbvious objective of the Intensive Cousus is the
sost precise, unbisoesd eatimate of the number of dots per bhour possible
within the limits of tize and monsy svallable,

The eusher of hourly bost counts that sre reguired to estimste the
frus aversge mmber of boats per hour for & given pracision also
detersizes the number of census days vequired in the bost count schedule.
This cbtains Pfrom the fact thet only one count for A particular howr
can be wade esch dsy, Boat counts could be mede every 1/2 hour or 1/k
howr vhich would grestly {ncrease ths nusber of comts. However, this
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vould not provids sdequats sampling. The key point is that counts

wust Lo made on » considerable susber of days to cover the varietion fros

day to day, vhich will 2ot be sdeguately covered by masy counts on &

| fow days, A stuly of ssmpling methods for sstimstion of the aversge
nomber of buats per hour follows.

The complets census of Bear Lake in 1941 provides dets for deter-
‘minotion of the reguired nmmher of times sach hour should appear 1o »
schedule of boat counts and also provides & basis for compering mthods
of saxpling,

Three nethods for determining the nusber of counts reguired and
Tor selscting these counts sred
(1) Btrict rendon saspling in vhieh each coust of the 1162 pomstible

counte has the same probabiiity of deing included in the smaple.

(2) strstified revdom sampling, vheredy the total sample of ¥ counts
is divided equally smong the 14 howrs (B 8.8.~9 p.on.) durisg valch
bost counts are made, i.e., counte &re sade op N/14 daye et
8 s.m, picked 5t rendon from sll dsys of the sedson, and on /2%
days &t 9 s.u, pleked at random, ete.

(3) Stratiffed randon ssapling with the ssmple sise of sach sowr fn
proportion to mumder of possidle counts and veriability of esch
hour stretun. This is 8 applicstion of the method developed
by Heyman and described by yaricus suthors (Bnedscor, Cochren,
sud others),

Buch of these methods wes spplied to the populaticn of Bear lake records

for 1941 %o lesrn which wes most sfficient. The precilsion attained , for

several ssmple sizes, vas the bsals for comparison of the thrae methods,

Agtoally, this stuly wea peduced %o & comparison of two sethods of

allccating sample sise smong thw 1b houwrly strets, becauss strict rendom

saapling 18 not & very prectical field cperetion. The results of
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rendon ssapling, howvever, muausuwwmmmmnm
precision of atratified ssapling. As & covollery to this study by
bours, & study of the sfficiency of wethods of ssapling by daye followed,

mwmmmwmummnumwmm
estimate of tha averege number of boats per howr,
ssaple of size § would not be expected to yield exactly the same mesu.
Bepested samples would fora a2 distribution of asan values grouped sbout
the true population wesn, Waen confidence limits are csloulsted for
the wmean $¢ is sesumed Lhat the mesns of repeated snuples drswn from
the population are normally dletributed about the true meen., The
ddstridution of the population of bost counte is ohvisusly nonw-normal
(Teble 12), but this ecan be ignored 1f the ssaplicg distribution of mesns
spprosches noreslity. It hes been well establiched thet swh sawpling
distributions spprosch noruslity with lacressing esnpls olze, The
copclosten of Carver (1930) is that 1f the semple 8 is £ifty or larger
snd the populakics ot least tep times N, the parent population can be
ignored. The awber of boel counts made in a sessos cmmlly is grester
then fifty, and thw total nwsber of possible boat counts exceeds ten

times K oo Cayver's conditions seem to be setiafied.

Another “rule.of. * for deteraining hov large N is reguired
for use of the sormal spproxisation wes ouggested by Cochrsa (1953; p. 25)
st x )95%2
vhere Gy is & messure of skewnsss and 1s calculatsd as

8
1
m E— (yt - )3, (Cochren steted p, 25)
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"This rule is designed sc thst & 95 psr cent confidence probability
statement will be wrong not more then 6 per cent of the time.”

G) = 2.11 vas computed for the Bear Lake (1541) angler count date
following tha method of Cochrsn, and

Fe25G%«112 ¢

Therafore, in order for the norsel spproxisstion to hold for the
apecified confidence limits of the mesn, at least 112 counts should be
included iu samples drewvn ot randca fyos the Beor imke dats., This
requirement is sseily met in drswing up bost count schedules.

Sample Sise for Given Precision Assuveing Rsndom Sampling, Siwple rendom
sanpling means that every possible hourly count during the sessou should
bave the same probebility of being included in the sample consleting

of X counts. Clearly, such randos ssapling is fzpracticel when one
considers the £1e14 spplication of these studies, but & first step in

& conparison of saupling wethods is & consideretion of results of aimple
randow seapling from this population, The question to be snswered ise.
how aeny counts mast be included in & sasple to determine the everage
vithin prescribed limits 1f hours to be counted are picked entirely st
resdont The same quastion may then be sshed about stratified random
seapling.

Without previous axperience to dictate needs, 2 precision is chosen
{n this study of 0,22, That s, the sample mesu is within 20.22 of
the trus wess unless & 1 in 20 chence hes come off, If this precision
is unnecessary or usatiainedle 4t can be relexsd later. The equation
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B %9-33.‘ Spedecar, 19481 p. 457)
GogE oedecan 1989

.ﬁmmm-mhﬂm.

| The sversge snd variances of sll counts (see Teble 12) are
X » .47 saglers/howr

| 8% 21,87

end the semple sige &t the 5 percent level ia

- 0 oy vl

(0.22)2

= 1735 ecounts

vhareas; & precision of 20,45 of the mean reguires only

¥ w (9602ALET) | oo
(0.k5)2

The values 0.22 end 0.45 fur preciston of estimating the mesns are egual
to $ and 10 perecent of the sasple mwees., This does uwot mean that B
dsteratned here will be adequets for 5 percent or 10 percent of all
neen velues.

Apperently, & precision of 15 percent of tiis mean s not sttainable
sasuning randos sampling of these data for theve are only 1162 counts
possible. A precisicn of 210 percent of this mess, suggesting 3 required
randon sesple sise of ¥ » 520, will therefore De & startiang point sad
soy reduction in the eanple size or foprovement in precision possidble
by stratification will de considered & gain in efficiency.
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rorrection for Finite Populstion, Instesd of computing tha varismce of
the menn of & rasdon sample $yem the relationship %sﬁ which eappliss

' %0 sn iofincite population, Cochren (1953s p. 17) suggested the sdded
‘factor of (B-n)/8 for the variance to corvect for m finite populstion.
He stated lso in the seme plAce, "In prectice the fyc [fyc 1s the finite

. _ g&lﬁ? ﬂﬂ?ﬁ»ﬁ”_ can e ignored whenevar the sampling fraction does
, Eagmﬁu,ﬁﬁuEnﬁ,gug-oﬂuggpnaug{
© . 30 per cent. The effect of ignuring the correcticn 1s to overestimite
~ the atendard exror of the estimmte 7." Ip the present study, the ssapling
- retie is considersble, and thus ths appropriste forsuise for stendanrd

, g%aﬁgnﬁﬂﬂ.agﬂggﬁga

of Mosas sy = 1/EG2  (Cocnwan, 1953 5. 29)
GocFidmnse T <. t8 N\..... |
Limives Teys = HAsi.  (Cochren, 1953 p. 20)

The corrvection factor ...mmmt also affects the technique for estimating
rapdon sample sive, By the method suggested by Cochren {p. 56) & ficst

approzimstion (8,) to the required ssaple is ssde in the uawal menner.

Ny » 252 040 (1n this stuldy) IP the
(X - ¥)®

ssapling ratio is negligible then H, » 320 counis {s the appropriate seaple
sive sesuning random selectios of hours on wiich to sake the couats,
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The sempling ratio J%a'. i large, howewsr, sad the correction for
1162 _
finite population is unsedad,

By
He - . Cochy .
;—:—E— (Coctiren, 19331 p. 556)

Thus, m aspparent reguired ssmple size, sssusing rendoa ssapling, is
reduced spprécisbly by spplying Coshiran’s finite population correction,

spprosch & gein in effteiency (Lncrewse in confidence limits of estisete
of mesas for & glvan sample stn:) wey result from stratified ssmpling
i s heterogensous populstion can be sepsrated into strate which are
mwmﬂmmummmmwnum.

forn saturel strata for saslyeis of vardation. Purthermore, stratified
sanpling ts wors spplicabls to the fisld Wﬁtﬁn of & creel census
thes strict randos sampling.

Tids possidlility of a galn in efficiency vae explored in the Beer
Laks dste by tellylng angler counts from the origisel complete census
by hours of the dsy, aud computing the mesn, varience, saod standerd
davistion for esch hour, The distribution of anglar counts by hours,
the sverages for hours aud respective veriances, aad certsin other date
from Bear fake, 1941 are tncluded in Teble 12. PFor the purposes of
this study the debavior of statistics of sngler counts wes Aassumed to



v -76-

be the same as for boat counts, Thus, the numbers of anglers on the
leke et 8 a.m., on 83 different deys form the distribution of counts in
the 8 g.m[. stratum. Esach of these hourly strata will contribute to

the ¢otal variance., If the variances of the individual strata differ
;srec.tly, each stratum should be sampled separately to reduce the

total verisnce, The resulting total variance‘of the mean, or more
properly, the standerd error of the mean, is a basis for deciding whether
or not such treatment is desired. The equation for the variance of the

mean estimate for stratified random sampling 1is

1 2
Var, ¥ = V(Fgt) = ..:;é. ;1 Ny, (Fy - 1y) (Cochran, 1953: p. 69)
For example, values for the Bear Lake counts are:
Sha
var, ye —1_ Zes (83 - 22) —B_ . 0.0453
(1162) 22

vhere 5,2 1s the varisnce of each hourly column of Tsble 12, This
computation was greatly simplified becaube the N, were all equal to 83
days, by the further assumption of equal allocation of the total
mPlé size N = 309 among the 1li hours, The 95 percent confidence

interval for the mean for stratified random sampling is

F - 1.96 //0.0453<¢Y<¥ + 1.96 )/ 0.0453 and the confidence

limite are y £ 0.k2, This result indicates that stratified random
sanpling from Bear Lake 19*&1 data produced improved confidence limits

_over strict rendom sempling with the eame total semple size (Tsble 13).



O Table 12,

Frequeney Distribution of Anglers by Hours, Bear lake, 154l
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Tabls 13, Cemparisen of Standsrd Exrers asd 55 Per Cent Confidence Lisius of Mesn
Fouber of Anglors Per Hour by Thres Methods of Ssaplisg for Seversl Sample Sizes,

: *
Bear lake, 1okl Data
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.31 0.955

0051 0,38
0.052 0,288
0.033 0,182
0.082 0.111

0.2550 0.50%

G.1195 Q.34
6.0453 0.213
0.0283 0.0
0.0108 0,108
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strata in proportion w ibe variebility of the respective strave,

Esnmey aud Keepiog (1951: p. 155) sttribute the development of these
msshods to J, Neyman ss follove: "It has Besn shown by J. Neymenl®
thet in stretified sacpliog the verisnce of the mesn 4s lesat (and
tharefore the mean 16 most eccurstely utma:l) 1f, for a TlLoed totel
sample sise, the ng sre proportionsl to By 0y, If this condition is
umﬁaﬂ,mummzwmm~muwmwm
stadle sive, the saepling is cptiwus, in the sense that the greatest
possible acouracy is chtatined for s fixed cost.” Thus, the sesple size
fa & stratus should be proporiicual to the 8ise and to the sianderd
devistion of the stratus, It i3 somevhat intultive thﬁ & larger
mhum&mumwwh_muttmwmaksnmwu

Tais foregoling theory may have isportant spplication {n determin.
ing the yequived mawer of boet cownts 1f theve sre considerable differ-
ences in verisbility of counts betwesn hours or between days., The
mm:miWWWGGthmmawmmm
separately end sllocating the total sasmple aive accordingly.

The merits of this method wers partially datersined by allocsting
seuple sizes in the Bear lake data fn proporticn to the respective
values of G- . (Teble 1%). The procedure followed hore i more fully
developed by Soedectr (p. 860) aad Cochivwn (p. Th).

The equetion for variance of the umeer of stratified reandom
sampling alresdy used in the preceding ssction is spplicable hers also,
mnhmmmmmﬁmmummmamumm
the sams sizte becaupe 83 counts were poasible at esach houwr of the dey
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for the semson 88 & vhole. Another mtoor difference is thet the cslculmtion
tavclves superate N, sutries for esch stratum (Teble 14). The value for
variance of the mssn obtained by the equsticn for s totsl sample of

ne 300 1s

: 2
. - 1 P

which sllowve confidence limits of

T+ 1.96V 0,048 or 7 & 0.51,

which ia turn 15 & relatively small incresse in efficioncy over stratified
ardonm emmpling vith egual size strata,

Bsmll gaine in efficlency were noted for a total ssmple of 309 in
favor of stratified sampling with sllocation by howrs, Other totsl
shaples eires vers treated in the sawme way to see if guias were stable
over 41fferent smocunte of census effort (Tables 13 and ib). The total
semple N « 1M0 approxtmstes the number of doat counts usually sade on
the Intensive Crael Census in recent years.

Gains in Bfficiency by Strstification of Counts by Deys, The rénge of
varisnces of sngler counts by days se caleculated for the Bear lake 1041
dsta (Tuble 15) suggests thet grester gains in saupling effictency
are poesible through nmﬂmmm by deys and by slloestion of the
census effort then were possible shm the stretification vas by hours,
Aceurdingly, the totsl sample of 308, valch is the spproximate number
of counts necesesry for & precision of X 2 0.45 ssmuming strict random
ssapling, vas allocated smong the verious deys equally sud in proportion
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Padle b, Alloeation of Total Ssmple Among Ecuwrs iz Froportion to Standard Jevietion,
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Pabls 15, Fregueoey Pistributiss of Aoglers by Days, Besr Lake, 1581
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to the stendmrd devistion (Tsble 16). Beveral other total sampls

sites ware glven the sume trestmsst to provide future reference wsterial
(Tedle 17), The veriance of the mesn end confidence limits vere then
csleulsted, Significsnt tuprovements in the confidence limits spperently
sre possible 1f the ssuson is strstified by deys end the tota) musber
of cownts 1s allocated in proportion to the sise and the standerd
Sevistion of the strete. Tais gein in «rttci;ncy- con De expressed ag
phrrower confidesce Limits of +3.37 or en equivalent reduciion {n the
total nwaber of counts reguired if the confidence limits reasin at
ﬂ.&ﬁ. The veriasce of the meas for stratified sampling provides the
necassary inforwation for the nev sssple size,

82 = %5F = 308 (0,036) » 12,2

eod se 3002 _ (L96)2M.1) | o0y
: - m)* (o.b5)2

Thus, 210 counts by stretified random ssmpling with equal allocstion
whuld produce the ssoe precision of estimating the wesn nupber of
sugiers per howr as 308 counts by strict rapdom smupling. Similarly,
239 counts would be necessary if the method of stratified sampling
with equal allocasion smong days ves used. The nuaber of days required
%0 complate the counts will depsid on the nuabsy of oounts sade sech

day (sea Tadls 18).

Just presented indicate themost efficient sampling method, the procsdures
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Anglers Ter Sour. Total Sesple Stratified by Deys With Bqual Allocation
| snd ¥ith Alloeutisa in Proportion %o ¥ sod ¢ , Bear Iaks

Strict iandoa nmormxyemnmm |
Sumlise  Bewl Allocation xa'..uzom.m

. Bunday W e
 Monday ¥  w
 Twesdny we k2 28
Vedossdey es b 32
Toastay . a7
Yeidny ses hg L 19
Baturdey ke 50
Holtday 1) | 13

83" 0.052 o.0h 0,036
85 . 0.788 0.208 2.150
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 Table 17. Alloeatien of Tetsl Ssuple Sise (Susber of Cousts) Asoug Deys in
Proportion to Standsrd Devistion, Beer lake, 1541

Day  Number of  Standard
" Pesstbis  Devistion
By aT L)

3ize of Sample

mh - lkd‘(nfﬂ |

. Buntay 168 5,06 1,018,1
. enday ask 3.07 ¥72.8
§ Teosday a5k .65 k08,1
| | 3.13 462,0

5,16 698,7
Ay &f2.2
3,58 6014
5,30 202.6
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Table 18, Nusher of Buys Hecessary to Couplete Begquired Counts For Several
levele of Census Hffort, Besr labe, Agh1

t Coumts * 7 Counts W Counts
of Counts » Dy Ter Doy - Per bay

1
i zgt

oW F OF W N W AR

suntay (1) 69 e 18w
- seotay  (2) 30
© Tesstay  (3) 28
_ Vedoesiay (W) 3%

Thursdsy (5) b7
raany  (6) 56
 saturdey  (7) %0
| Belddey  (®) 1%

M O -3 -2 AN A
rEggmv-z@

* Only 12 Bundays Avallable in Sesscn



BT

for predicting the number of bost counts required, aud the proper
uethod of analysing dnte, There yemains the guestion of the ores and
degres of adjustment uscesssry in futwrs creel censuses In light of
ﬁhn-\ findings. Inforsstion sbout the precision sctually stteined
the schedules nov in use must first be availabls,

The boat count loforsation from the Znteasiw Creel Census for
Pontise Lake for the sumser sessons of 19T thmm 1952 12 presented
" 1n the Appendix, These counts were sctuslly stratified by deys of the
mkpaﬁmtcw%%m,m@mﬁamﬁwns‘mu.
Thess data provided the velues pecesssry for compubing the verisnce
of the mean of stratified saspling and confidence limits of the mean
by Cochran's formulss (Teble 19). Applications of the results sre
subject to limitetious, hovsver, 7The variences (82) of the strata
waseure caly the intersal weristion of the semple, snd must be considered
ss uscertsin estimetes of the true population verisnce ( (%), Seversl
sources of biss ere apparent in the ssxpling methol which reflact
doubt upon the assusption that 52 s sn unbiessd estimats of 0 2,
First the selection of hours to meke bost counts is not & resdom process
(the selection of succeeding counts on the saxe day results in lover
total verience sotimates thuwn by rasdos selection); and second, very
Jittle {8 known sbout the behavior of veriasnce estimates bLased on sasll
saaples drava fyom oon-norusl perent populations., The ifmportence of
these facts is thet although exsct confidance limits cen be constructed
from the sample variances, the probability sssocleted with those
linits mey deviate considersbly froa the asssumed 95 percent level,

The sample varlances obtalnad in vericus yesrs on Foutisc Lake
shov & fairly consistant relatiocuship smong days of the week (Table 20).



Pible 19, desa Nusber of Boats Cownted Fer Howr, Svandsrd Error of the Nean
sad Confidence Limits 4 Computed frow Iatsusive Cresl Census Date for Pentise
 Lake i the Yesrs 1547 threugs 1952

Your ,xm  Nemn Husber Varissow of Stsndsrd Error Confidence
: ‘of Counts mm Mown(8:2)  of Hean {(85) wmnaf

1%7 ,‘ | " m ‘ - $3.7 k.56 2,140 | 25,2
EC B 51,6 T % SRS
a6 31.3 6,95 e.68h 5.2
w00 s 32,8 2,39 1.546 430
1951 % 3.3 6,48 2,545 £5.0
w0 0n 16.0 6.53 .55 5.0
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- Table 20. Sewpls Verisnces of Bost Counts on Pemtise Iske, 134T %o 1952

- Bonday Ronldsy Tuseday Weduoesdsy Thursfay Friday Satwday

s sess 6 ;3 1 19
BT T I R 247 176
ik ase 1 %6 1 g0
1950 G sy o 0.2
5 10
o R 138

1519
17
o
vg3
1012
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%

1958 1156
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The sverage variaace of the estimstes from the six-yesrs, 1947 to
1952, provides estimaten of the strate warisnces for future prediction
purposes and for allocation of sazplas,

Problams of Estimating the Total Cetch of Fish

The total number and weight of £4sh rexoved from & lake are sessures
Mmrummmsamnvhanmﬁ;uﬂﬂthmmrd
fishing effort expended, Purthermore, knowledge of the amount of fish
resoved 1in relstion to the populstion of fish present in & bLody of
watsy {8 essentisl to the management of wany fisheries. For exsaple,

& study of the total cauch of predstor fish, such &8 the pike and base,
may indicate that move of these fish are being removed thun is desirsble
even though the csich per unit of Pishing effort is very low., It is
wsuslly score convenient to obtein loforuation about the number of Sish
asyght by asglers than sbout the weight of fish aulthough weight
knovledge i valuable,

In the Intensive Creel Consus the total weight of fish resoved 1s
estinsted through periodic ssmples of fish weights, snd estimates of the
total oatel in nusbers of the vericus species of Tish, Creel cecaus
cleris weigh and wessure the lesgth of fish in the anglers' catch vhen
it ie convenient to do sg. The problems of ssapling to deteruine the
average weights of flah ere beyond the mcope of this paper, bdut the

problens of dariving ostimates of the total cateh in numbers sre considered.

Tha basie procedure for esstiwsting total catch is e simple infletion of
the sverage catch per hour gver &ll houwrs of Tishing in the scason.
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Average Catch Total Humbher
por Hour per X of Angler « Total Cateh
Angley Hours
Zach of the factors ia this infiaticn is an estimate chtained from sawples.
It is pecesssry to revievw how each of these factors e obtadned., The
‘sverage catch per hour per engler 1s the arithmetic average of sll cstch
por hour velues computed for individusl anglews who waye contscted in
the sempling progrem. For fllustration, ssversl sush csatcheperhoir values
with confidence limite are presented hexe for Pontisc Laks (Table 21). |
An estimste of the total number of sagler hours involves boat counts
and the aversge number of soglers per boat during the sesson, The
infiation 49 as Lfollows:
Average  Aversge Length of BRusber
Huder . Huaber of ;, Fishing , of Days .@ulm,&m

s\nghn mwm wm in

The nusber of hours in the season (15 houwrs per day x 83 days) is a
aefinite figure and s relatively constamt from yesr te yesr, but the
wyernge nusber of saglers per boat and the aversge gusber of boste per
hour are verisbles that sust e estimnted from samples, The prodlens
of ssapling to determine the aversge aumber of bouts per howr have been
discussed in precsding sectlions.

) the Nusber of Anglers per Bomt
Mumawsmmammmmmgms from one

to five or move, hut on the aversage this guantity is gulie unifora over

‘the verious hours of the day &nd from dey to day, snd is not correlated with

total fishing intensity (Figwre 13). Thus, the aversge number of anglers por bost
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Bay be determined quite precisely vith little concern about bias or
inscowracies from disproporticnate saumpling. Asgler contact vecoris
provide the necessary data for estisating this quentity., In the
Intensive Consus procedure the individunl cetchas of all of the auglers
in ooe boat are recorded on one crsel ceasus slip, 7Thus, ou esch slip
an observation of the nmber of anglers per bost iz available, The
mm&mﬁmwmiﬁMMﬂ;ﬁtw aversge of all
sweh coeerwations, As long as anglsyr contacts ere accomplished in &
schadule which yvepresents all hours of the day snd each day of the week
this sverege vill be sn unbissed estimite of the trus mess ausber of
anglars per bost, This is true becsuse theye are uo discernible trends
of increass or decrease in the number of anglers per boat with tize.

- Wbat ie newded, however, is s sessure of the varlabilisy of this

quantity to allov confidence atatemeats ebout the mean and estimates
of the reguirved ssaple size., The varisace of the individusl chaervetione
of anglers por beat £ an wnbissed estimate of the true veardunce, sod
thexrefore can be used Lo compute the standard error of the mean.
Standerd errvors and mesn values of the number of anglers per bLoat

vere computed for the summey sseson from the sngler contect records for

' pseveral yesrs ot Momtlec Iake (Tadle #2). These velues indicmte the

precision attaioed in estimsting this guantity, snd provide date for
tuflation to estimntes of the total emtch of fish.

e Limits for Bstimate of Totel ‘ngler Hours
The veriance of the product of anglers per boat times hoats per
our s srrived &t by a somevimt 4ifferest process than used in

stieining the veriapces of the individusl fectors. The method of



Teble £1. Gummary of Aversgs Catch per Bour per Augler for Sumser Sessons During
h Saveral Yewrs on Pomtise Lake

*

" 4

Tesr  Sumber

=5

Average
Caieh per

Saagle

1T I6s
a8 567
e W
1950 335
1951 3k
1958 b7l

233

3§43

561

2003

3.53
1.00
0.85
©.83
0.83
1.19

£.56
. 1,68

143
1.17
1.2
2.8
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Teble 20, Awﬁmrﬂmm%&kwwmmwmwﬁmm
Iaie for Several Years as Determiced fron Augler Contaets

Yeay Thader Nunber Avayage Standsrd Conficesee
Joats  Anglers Sumber Erreor nite

ia Anglers of

¥ Zx =x* , 8% 19685

%o
wl
- %
"?:o

£.30 076 0.0120 0.0 0.2
0. 7% 0.0177 0.133 Q.86

£.30  0.86 0.082% 0.205 .50
855 2.23 0.65  0,0433 0.208 0.5
1 2.3 .80 0.,05h3 0,150 ¢. 11
916 2,09  0.53  0.085& 0.1f0 0.3
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computing the veriaues of the profuct of two factors wuen each is
independently subjsct to sempling error was reviswed by Schusschwr end
Chapman (1952; p. 193). They showed that tf W snd N are independently
dtstriduted, sud V(R) and V(i) ere estisates of thelr sampling weriences,
Shen

Vi) « 58 [vi)) « 52 (V@] + ) [

{n which V(RF) 1s an estimate of the ssmpling verisnce of M. The third
torn 1o this expression ssy be ignored in the applicstion e hand becotws
the proguct [V(H)] [(F)] 1s trivial vhen coupared with the contrivution of
the Pirst two teras to tbe varinsce V(NH).

The sesusption thet the ssapling ervers of the meens N and ¥ are
indepeudent sud spproxisetoly norselly distyibuited does not seen unresson-
able for this stwdy. IXu is pondibie thet under certein conditions the
nusber of anglers per bost could be relatsd to the yamber of bomts
available on & labe. If this scewrred the number of snglers per bost
would not be Lodependent of the asuber of bhosts por hour end the abowe
poronimstion to the verisace of & product would be & hasardous procedwre.
Similarly, if the sversgs cetch per hour por anglsr were & function aof
the intsnsity of bosts the ssawuption of Independence would be iavelid,
Hovever, the date evallable for Pustiee Lake &0 sot indicate any
relaticaship betvesn either the nusher of anglers per bost and hosts per
howr or between eatch per bour per angler and boats per howr (Figures
13 snd 14), The values plotted in these figwres are the aveyage number
of snglers per bost dod the aversge catch per hour per sugler with the
corresponding mwder of boats chbserved. Although the hypothesia of
icdspensence 19 uot refuted in this example, 1t should be re-exemined
vhsnaver dependence 18 suepected 1o census data, possibly for esch
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swparate analysis of totel cetch, For a more thewwetiical discussion the _

readsr is veferred to Creig (1936), Avoisn (1947), snd Calscun (1550).
Calbhown gives sa exenple of &n applicaticn of the aethod to eatimting
the total cateh of fiah,

In the present prodblam, the sversge nusber of domts per hour ead

| the sversge nusber of saglers per bost sve equivalent to N mud M
 respestively, and the above squatics cin e expressad as follows.

 Veriance of Product N\ g Hess 2 [Variance
| of Mean Fusber of L Nean | , |Eests) |of dean
gﬁcﬁnmﬁ oats R | per %wg.

" 7he groduct of snglers por bost times buste per how multiplied by the
 totel nwker of howrs of fisking in the semson yislds an estimate of

thay totel nuler of sagler bowrs spent on the lake (Table £3) nis
total ranges from sbout 50,000 to 160,000 sngler hours for e pusmer
saasons oo Pontiec lake (1547 vo 1952).

The produwct of totel sagler hours tises averapge caich per houwr now
bacomes on sitizate of total pusber of fish ceught is the seasca, Bow~
aver, fTor ease 1n computing products and variznces of products ths tutal
Egiuggﬁaggnﬁwz {1} ealculate the aversge end
vavisace of suglers per hour from the product (snglers per boat) times
(bonts per howr), snd (2) multiply saglers per howr by the sversge
eatch por hour t¢ et the total cetch per howr, sod finelly, (3) muluiply
the total eated per howr by the total aumber of hours in the seosason,
e folluviag exaapls sy serve to clarify the procedures,



_Tsdle 23. Estimates of the Total Nusber of Angler Hours Spent on Pontlec lake
; During the Summer Sessons of 147 %o 1558

wre

a9k 158,800 5,500 154, 300163, 300
a8 153,200 12,100 141,100-165, 300
EC 130,000 - 1R,600 o7, 500-122, 500
e 52,300 9,600 £2,700-101, 500
1951 110, 900 10,600 100, 300122, 500
1952 7,500 7,700 . 39,80055,200
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The informstion needed to derive an estisate of totsl catch of all
fish from Pontisc lake during the suamer season in IGh7 (Tedle 2%),

(1) of Anglers x of Boats = Angler Sours per Bour
per Boat per Howr .
2.3 x 53.7 = 123.5 angler hours per hour

Vartance of the product » {2,3)2(h.58)+ (53.7)2(0.0121) » 59.2

- Angler ¥ean
- {2) Bours Cstch
per x per = QCatch per Hour

Angler
123.5 x 1.53 » 188.9 Fish per Hour |
Varisnce of the product ={123.5)2(0.00175) + (1.53)%(59.2) » 153.9

Standard error of produst » '{153.9 » 12.h

{3) Totsl Busber of Hours in Sesscn  15.5 Nours per Day x 63 Days = 1266
‘Potal Catch » 1205 hours x 188.9 fish per hour « 543,000 fish

1286 x Stendard Error of Froduct » 15,546

Confidence Limits (3087)for Totsl Cstch » 243,000 ¢ £ x 16,000 sppwox-
 imately.
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Tears on Pontine Lake

Yeay Totsl Cated Bteadard Coufidence
| of Fish o ‘Brror Linits

ey 243,000 15,546 211,000-275,000
R 154, 320 13,760 140, 560+166,080
1k o 12,h0 £2,h8-1207, 304
15%0 16,633 9,709 66,9856, 3he
1m 98,636 510 §7,126-110,346
1952 56,455 9,876 | 46, 579-66, 331




GUMNARY AND CONCLUBICNS

In this paper the methods weed in Michigao for collecting snd
anslysing catch dats from lakes bsve been studfed with the cbjective of
determining efficient ssapling procedures, There sre ssverel coupellisg
ressmms for developing sfficient and sceurste wethods for conducting
creel caususes, Cresl studies sre sn important source of facts relsting
to fish end the conservation of fisheriecs. A considerable portion of
fisheries resenrch funis asre currently devoted to creel cesnsus projects,
Much time, effurt, snd wouey 48 expended in measuring the yleld of
fish to anglers, Usually, creel censuses Are part of o continuing study
t to be regresentative

of uost waters in the lﬁu. long range studies are necessary %o
evaluate the affects of munagesent attempts, The results of ezperiments
on theso test lakes fnflumnce msnagement policies sad procedures on
wsny lekes, This wide spplication of results ead the nesd for contiamous
date require that the best pessible ianformation be obtained in the
crosl studies. Of course, scewste resulis could be achieved on the
sest wvaters through & complete csnsus of all Cishing sctivity, ead in
some situstions this will be necesamry. Howewsr, the need for catch
tuformation Las expandsd greatly. New problems about sport fisheries
are posed every yesr, eud very often & census is celled for, In order
4o meet the increasing dewand oo svailable funds and persconel 1t is
fuporiant thet themost efficient sampling methods sultable for intensive
censuses be dstersived.
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Seversl conclusions and recommendations axe suggested from this
present analysis for the conduct of the Intensive Creal Census end
the subseguent snalysis of catch vecurds,

Probebly the most Lfsportast suggestion to be wede hare is for
adoption of styatified rundom sswpling with optiam sllocstion of the
total sample among days. Btretified saspling, techniques vill be useful
in tvo vays:

(1) To mare sccurately measww the yrecisice actually sttained by
prasent census methods {the present mathods of snalyzing records
de not yecognise stratified ssmpling actuslly in use).

{2) To obtain the best precision possible for e given amsunt of

census effort.

Actunlly, the fremsvork of the present cessus schedule is essentially
that of stratified susmpling by Qeys. All thst 1s oweded is the application
of sppropriate formulas and the proper alloes
take sdvantsgs of the gaias in efficiency possible by this method. Present
procedures for scheduling engler interviews and bost counts should be
mdified %o include the following:

{a) BSouwe decision must be made ebout the precision of setimnting desired

before & scheduls is set up for & cemsus., Confidence 1imits (95%)

of 20,1 fish per bour heve bsen selscted arbitrarily as the desired

ien of consus effort to

precieion of estimating the sverage catch per howr. Thls seess to
be & useful figure, although for some lakes this gprecision will not
ve sttainable during seasons of lov fishiog intensity. This e
trus beceuse the variebility of catch-per<hour data may reguire
that wore records be chtaloed in the sample than there sre anglers
present during the seagon,
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(b) An sdvence estimate of the varisnce of cstch-per-hour-per-sugler
retords must be availeble for the lake in question. Thie cea cons
from esrlisr consuses of the same lake, or from & prelisinary
saaple. The musber of apgler contacts reguirved and the precision
atteined in estisstiog the mean catch sre functicus of the
varissce of the mema, |

(c) Trom this estimats of the populstion verissnce sp estimate of the

total sexple required is possible, The formulas H e iﬁ
(¥ - »)

 1s sppropriste (seo also Figure S of this thesis), If the ssapling
mtio {8 not segligivle, 4.e¢., 1f the saapis 18 large in proportion
to the total ousder of anglers, & currectica for finite populstion
is needed, This will reducs the spparent required sample size,

(3} The totel sample size should de sllocated saong the wvaricus dmys
io proporifsn to the flahiang intensity snd varisdility of cetche-par~
hour-per-sngier records on the different types of days (strets),
The verlence of the aesn will de the lsast If the population of
anglors is stratified by daye, sud the total sample allocated
anong the strasts, Reduwotion of the weriznce of the awan catch by
stretiftication i squivelent to either an increwese 1u precision of
estiseting or & reduction ia the totel swber of contscte required,
lake spd sstisates of the strote warlsnces are necessary. This
from the preliminary ssuples. It should be resesbered that the
predicticns of sample site sre dased on estimmtes af the varisnce,
and sooe margin of %qgfaﬁi for error. The
d4stribution of varisaces dravn from & none.ncrwal parent population
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such 63 catch por howr per sngler is not well kuown and errars cen
vecur vhen the ddstriduticon is extremaly shew,
{e) The precision actually ettained in the census should be calculated
. ustag formulas for varisace of the ween and confidescs lfuits of
the mean for stratified wampling (wee pege 28 of this thesis), 80
theses quantities will be aveilable for sydsequent prediciions of
regquired sxmple sive, ste, |
Probudbly the most rewarding srea for su increass in ihe precision
sttained in the Intsnsive Census 15 in the scheduling of boat counts.
Studies of the required ssmple sisze, and the precision atitained in
estimating bouts per hour for Besr &nd Pontiac lakes fndicate that wmore
couats ave dasirable, Some improvessut will be posaible 1f the total
 muber of bost counts needed %o atiain the desired precision is allccated
emong dsys sccording $o the variability of counte aod intensity of Iishing
on the various days. An {uprovemsnt in the precision of egtimeting
bosts per hour 15 importent Decauss this quastity is & factor ia the
inflstion to estimates of total fishing intensity eénd the total cateh
¢t fieh,

Application of these findings ought not tO couse WAjor changes
in ssthodology in the Intensive Creel Census., The most covicus omed is
for iscrensed smapling effort on Sundays and other deys of high sngler
intennity and possibly less sffort on other days,

The methods of complling sed anslyving records in the laboratery
should clso de wodified to include providlon for weighting estcheper-houy
records for fishing intensity. Arishastic errors in the computation of
the averege cuteh per hour wAy result if the records are not properly
veighted. 'These errors sye considerable when fishing intensities sre
nigh sueh a3 are ensountered &b Pontisc Lake,
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Tos regords stulled did mot revesl sny biss in the method of
saapling to detersine the aversge nwdey of anglers per boat, Ordissrily
" the susber of anglsr contacts necessery to dstermine the averege catch
per hour vill be more than adeguate to determine the nusber of suglers
por boat, It will b necessary, however, to tbulete the individusl
records of maglers per boat to obtain informegion sbout the seapling
srror associsted with this quantity. .

Btatistical wethols for sasigaing coufidence 1imits have been
sppliied to the vesricus estimates of the Intensive Oreel Census, In
m this, ceartain sssumptions are mede regarding rendoaness of
sampling and the distributicn sad independence of varistss, These
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Appendix A, Dasly sud Gesscnal Sumatisns of Cath per Rowr
| por Angler, Rusber of inglers, ’
Coutasted to Boats Comsted for Verious Bours on
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Appendix A
mz. 1. Usily acd Sessonsl Summations of Cetch per Bouwr per Angler, Nusmbsr of
Anglers, mod Betios of Boats Contacted to Bosts Counted for Varlous Bours on
Pontise Lake ia 100

& A, #1, 2 A B, 10 A, M. 11 &, B,
1 7.56 (19) b3 16,57 (19) .31 (6)
1.&3 (1} d.f}? {13% 1.86 (3) 2.99 %13
wt&mu (m 6R.02 (58) 4,32 (11) 3842 (nzg 3599 {
Busber of Anglers o.«:@ 4) 25,46 (35; @.,3 gm 7.63 {
ceamm) 5,00 (9) 3,50 (50 .ae 8) 23.05 z&-)
Seasomml Total 83,16 T5.58 £3.78 T3.59
Total amms {&2) (1) {&1) {124)
Aversge Catch per .
Hour per Angler 1.016 0,586 0.787 0.659
Batio of Number b /1% s/m 1/86 3/20
of Boats Contacted /1 5/10 afx 5/2¢
RETRT SR o W
Counted by Days
312 15/86 1@/;51 35/71
35/17 ;lo aea see
Fotsl Contacted 35 54 3 5

Fotal Counted 1Ty <05 230 228




 Pable 1 {(continued)
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1P M.

g Po K

3P M.

3,9.@@ 17)
75 {23

68,10 lm
1@.91 13)
£.36 (ﬁi
13,06 {12
12.00 {8
3.00 (3)
il u
2.1% (8]
10.82 ng
1.2 (39

i o

1?¢31 (2h)
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.64 (&)
[ X 2 [ 2 ¥ ]
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38_’77 (38)

(2 0] .«
- ' EX
e ses
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£52.,0%

186
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(208)
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Fable 1 (concluded)

5 i M 6.2, M. 7.24.Me &.p. M, G FaHe

41,83 (36 k2.3 {87) 50.23 {3) 40,56 {2u) 2.71 (33)
13.80 g } 1T.14 g : ‘.& &?& kl.50 b, 68 %g
9*69 33 squﬁ 3@ ¢§& { ; ﬁ?-ﬂ@ N Z YN TR
l?lsv {lﬁ') 093‘ 15 Ma 60& (13 SN A X XN 2 X
SRR 2 L AN 2 1) 9593 cress een 3139 (?) S ese - ame
BEE LY RN T Y ?79h5- a?) BN XY I Y ¥ 55: (39) cees. Few

i eme - awe CeRe eRs ' R IR Y2 : vew sanw KR L3 NI Y Y O
E P RYE e RS RES 2 2 e L 2 X L X X 7 S 2 2 X R
R X% B X Y] DR XY I ¥ 2 ) Ceee  OWNe *"se wee SRR M
oM Bee cRER e e 2 Y (Y 33 269 mevw L wee  aEme
' LR 2 ] | 2 3 ] . *+ES  BES R E XS L E 2 *E5% - 008 DN = X J E X ¥ 4

15-06 Qﬁ?@ﬁs &1&?3 &BsaS? 3?03?

(59) (151) (16) (187) {41)

110 bhg 211 hés .10%
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Apperdix A

Teble2. Batly sod Scascuel Summstions of Cateh per Sour per Angler, Busber of
Auglers, snd fatioe of Bouts Contucted to Bosts Counted for Various Hours on
Poting Lake in 19k9

84, M, 9 Ad e 10 A, H, 11 A, 4.

. 3

Dally Sussaticos %.zﬁ i g 22,0 {1?) &;.‘T? {36)
W‘W (‘ﬂﬁ Tmee -eew lﬂ.@@ (10) T (1@} '
m “Wﬂr’ ‘aae - ses 13.0% 2 ) ‘eee -men
Contacted) oes ane 19,58 1&; ens mes

] EXE IR Y 1@'.7& {lg [ X 2 Y ¥ Y

Sessoual Total 57.00 78,53 54,59 22419

' pote) Anglers (53) (81) (52) (42)

Aversge Ustch per
Howr per Asgler 1.077 0.562 1.040 0.528

Batio of Busher 17/69 T/126 15/58 kb7
of Boste Contieted S7T 1/1 3/17
to Humber of Boats sho 5/15 1/2 2/a1
Counted by Deys B/16 - 3/19
see 6}21 . Yy Tf &7
con s/

fotal Countad &6 226 93 T




Table 2 (vontinumed)

ﬁ ‘m 1P, H. 2P, u, 3P, 4. b P, 4.

&3& (m) 3.40 (2 9.07 m T.84 (2%) k2,89 (bh)
m 1,65 {2] £5.23 (36 1.10 ?s) 18.55 iw
9 (3] e (2 7 | 1§) 3T.67 (3
EETT T TS 0.99 {8) 1532 L 5.39 (16}
ehe  San 3.7% 32) L+ cos  ead bee  wve
es “aw 31% 2’ ggls %) ‘e see ses LX R

(3} (26} {103) {57) (110}

I L 0,485 0,616 0. 313 0,54

11/58 1/143 3/51 11/19 | 15%

3/ ¥ :

in 1/t /18 777 15/28
2/16 10/ £/% T/
aee E‘fg_g 1j3:;' L¥ R ] L B X1
s ' 1}‘522 mf% se e cen

¥ 1 Wy o 4s

96 281 gég 57 192
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Appanliix A

Teble 3. Deily and Seasonel Sumsations of Cateh per Hour per Anglar, Number of
Anglers, and Batios of Boats emmm to Boats Counted for Verious Hours on

Pontiae Lake in 1950

A H,

104, K.

EA. M. 11 A. H,
Daily Susmetions 8.66 gss) 57.54 gm) 10.3 (29)  81.93 ge&)
of Cateh poy Howr h,52 g 8,12 (5 23.93 2?) 5.5% (7)
m m" (M 5.% (7 3té§ (é h‘s% 9 TI T L
Busbear WM'” e wed ses ses soe wes ees vee
QMW) pee  dee sz osae ses  es» een  ase
Total AWG (L239) {(51) (62) (31)
lmarage Catah per » o
Retio of Nusber 15/83 :.7/157 1z/5 10/2:1
of Boats Comtmeted 3/15 3/7 10/18 3/e
tc Nusber of Boats 311 3/3 5/1k cas
Counted by Days cas wes veos ses
Total Contected 22 &3 26 13
Totsl Counted 109 167 1%k 203
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Fabie 3 (coutinmd)

32 Weon 1P R 2P H. 3 F. M. o P M.

- 2.00 (2) 7454 (3} 20,17 225) 18,00 (:;?-) 10,00 5?1?)
23.93 (26) .65 (14) 2.56 @} 0.90 (6) 1.38 (&)
ALY ' DU ANEE ﬁ-?ﬂ :ﬁ’ 4T wbe s%w (?)
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© zsble 3 (evaciudes)
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Appendix A
Table 4. Daily and Sessousl Sumwetious of Cateh per Houwr per Angler, Nusber of
Anglers, ed Batios of Boots Contscied to Boats Counted for Various Eours on

Poutine Lake 1n 1351

1A, K

LY VN 9 A. N, 10 A, K.
Dstly Swwaetions 20.23 (33 62,93 (ha; 13.?;2 63.93 § ;
of Cateh per Kour .86 {12 57.52 g 5.86 u 28
yor hagler (and 15.5% (14 8.8 (8) 15.32 (8t 3.81 {s)

'lmr of Auglers
Contacted)

re® rae

> e L2 3

t.. s
L X 2] o ®

y¥w *ow

77

smm Totel hl.62 128,91 35.90 116.31
Tota) Aaslm (59) {63) {59) {11)
km @&wfh W

Batio of Number ufm 16/ ?fl’(& 15/67

of Bosts Coatacted &9 9f1k 5/51 12/1%

to Muber of Boats /47 /8 1218 316
Countad by Daye suy ese swe sea

Total Contacted £s £5 26 30

Total Counted &0 217 97
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Table & (emitnued)

mm 1B K, 2 P, ¥ 3P, N & P, M,

ﬁ;:%; P") *2:23 &3” s iﬁ‘} 3.9 49) e ;;s
L wee  swe ere  sus el.ﬁ? er ewe 15.5% (19)
B A wse  wwe ﬁg&g sy  ses aee  esn

ane wwe wr'e New 3{& sae  Gea see  sed

19,57 7.0 £0.55 3.97 22,28

(%) (18) {1%) {) (25)

0.656 1506  1.0% 0 os e.é'sf

1n/a 1/13 10/31 1/57
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~ Appeodix B, Method of Cosputing Skewasss Fector (OC,)



APPESDIX B
Net2od of Computing Skewsess Facter (OC 4)

mﬁ.;m»m-mmimﬁaetw. There sre tree stups to

 follow in the computatiens

Step 1. Accusulate svemstions of X, 3f sod 23, A calenlator sad &
table of cubes grestly fecilitates this operaticn,

Siep 2. mswtmrum(ngu
#. >33 . 3w 51 53% e (3 x)3
®S% . (209 Vi@ - (5 0P
which can be rewritien &
¢
AsB.Sx® . (TP
Bel - TX3.5x T
ColB-2K-5X
Step 2. mmw!mmmasmnmm

tnserting tie values obtained for A snd B in
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sppendix G

table 1. Btretificetios of Bost Cousts by Days: Inteusive Greel Census
o of Fontise Lake, 1947

Susber of Bosts Counted
Sunday Monday Tuesdsy Vednesdny Thursday Friday Ssturday

5‘% 35
24

% i
- 23 5k
18
21 19
3 16
3 1h
53 17

15
19
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&

2

see
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lg sse
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7

BNEBE-BRoRLRR
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{ s Ty é’k
? taw ass ﬁ?
iee eaw [ XX 5&
ST “he (AR see (A X LR S ave
§1 (¥ 2 wen sow "t rEs #g'“

4
BB EREEEE e B |
D11 RESE.REERERE

By 1B 13 13 15 10 13 18
Zx® 278,782 3,99% 5,690 10,080 9,397 6,282 235,595
Zx 2,004 204 2hh B3 e 260 1,545
16,3 15.7 18,8 £2.9 °T.7 20,0 108.3
g2 2,069 66 93 16% 15 50 1,519
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Appendix C

Table (?‘ Stratification of Best Counts vy Days., Intensive Creel Census
of Poatise Lake, ighd

Wusber of Bosts Gounted
Sundsy Mooday Tussdsy Wednesdsy Thursdey Priday  Saturday

143 30 % 28 21 102 12
151 31 26 3 0 K 109
126 G £8 5h 33 &b we
9% 76 35 88 ) 76 132
12 2 by 61 1 1% phis
iﬁg 2 » 10 2 g 8
145 23 5 22 10 20 Gh
Zg 32 b7 23 @ 19 65
. see e 2y 17 54
?? (X & 1§ % oHE® 17 ﬁ
% e 17 Eé ey ﬁﬁ ﬁ
W3 s N 21 ﬁ‘h LX X ﬁ 2?
| 2 X (2 ] ] 5‘5 31 (X Y7 as é1
ann [ XX ) 7 .de .e & L X X L XX 3
LA vee 15 R T X esw sew ‘o
LR X ] L L X 13 [ 2 N ] aen 1 % 2 3 *S e
[ 5 £ ] LR 8] 32 [ N ] [ R X 4 awe [ XX 3

% 12 8 17 13 a 13 13
=¥ 183,537 12,176 13,148 16,660 3,008  kg,508 96,808

ix 1,433 27h 420 bz 138 632 1,030
® 115.9 3.3 o4, 7 2.5 16.% 58,6 T2
8 395 173 o7 176 1,568 1,256

possible () 168 168 168 158 154 168 168
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Appsuiix C

Pable 3, Stratifiostion of Bost Counts by Deys. Intensive Creel Census
o of Pentisc Lake, 1945

Busder of Bosts Qounted
funday Mouday Tuesday Wednssany ‘Thursdey Fridey Ssturday

€3
5
308
13

16

196 30 69 12
Wy 8 56 16
Wy w8 35
66 i 51 17
o4 21 1y 33
87 19 27 37
93 16 69 39
h'{ o ' 5 4 one s
67 B U cow sen
W8 5 ‘ 2cs see

Fowere

17

3

B ad

LR
LR XK
she

CLTETPECR: § ~FEIV

n 19 10 1 7 u (4
a2 95,36 5,706 13,9 6,189 1,266 1,088  3B,3%
sx N8 20h 352 193 72 70 s41

3 9.8 208 50,1 1.6 65 10 b2
¢ 1,32 are 358 154 80 6 LN

possible (8y) 168 168 154 15k 15k 168 168
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Appendix ¢

Table b, Stratification of Boat Counts by Days. Intepeive Croesl Census
of Poztiac iake, 15%0

Busbery of Bomts gemtea
Sunday Nonday Tosday VWedoesdsy Thursday Friday Seuwmrday

23

83 17 157 N 6 7 .
g 21 22y 28 5 13 15
78 p L) 2716 21 é 10 a7
m m 6 9 sV e s n Lg
&1 3 2 15 one [ E X ] 11
37 9 lﬁ' 1& (XX ] [X K lk
31 5 iz Ig sos P 13
L2 Y] sep 5 17 e sve 7&?
[ XX L X X lé @ [ X R ] L2 N J *5®
sew [ ¥ X3 19 n L 2 X ‘0. «-ae
o eve 12 ? (X X} eee see
L2 X ] X 2 2 *9 0 e L X X J L X X [ X X 3
oy 7 7 11 12 3 3 &
zx® 0,638 1,385 150,843 3,651 4] s 3,425
Zx A3 83 THY T 17 0 155
% §2.0 1L.9 674 h.8 5.7 10 15,9
s¢ &2 66 917 o 8.1 9 37

Rusher counts :
possible (§y) 15k 154 154 154 o ko 150




WR 5. Suras ification of Beat Counts by Days. Iotenélve Croel Cessus
i of Femtisc Lake, 1351 |

Busber of Bosts Counted
amy m;f ’fmy wmm m !‘rt&sy Suﬁwaas

151 33 58 ] 139 17 n
178 g 67 56 i3 18 57
151 : 55 2 ? 21 &y
180 8 o @ 23 13
-, 36 s 13 sue ane h 1.
PR 11 o 21 e s E7]
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wtlhh (!a) It 15% 15% 15k o pL 140
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Appondix ©

6, Btretificetion of Boet Counts by Days, Inmtensive Cres) Census
. of Poatisc lake, 1954

Busber of Bogte Couated _
Susdey Mendsy Tuesdsy Vedsesday Thursdsy Fridsy Seturday
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