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1954~1955
Supplement No. 2: Analysis of Creel Census Data,
1951 through 1954

INTRODUCTION

The creel census was begun in 1951 and has been carried on chiefly by
the Idsho Department of Fish and Game. The purpose was to develop informa-
tion from which it would be possible to determine the “"extent of any damage™
to the fisheries of Pend Oreille Lake resulting from the construction and
operation of the two dams. (Reference 2) The immediate objective was "to
assemble a sample of cateh records which could be used to estimate the
magnitude of the fishing operations and the size of the catch removed from
the lake.™ The census was carefully planned with due consideration for sta-
tistieal standards end has been effectively conductede During the first
three years some changes ware mrde in sampling methods; but, with appropri-
ate adiustments, these will not affect the usefnliness of the data. (Ref. 16)
The methods used in the collection of data, in making adjustments, and in
analysis have been adeguately described and meed mot be reviewed heres (Refs.
1, 2, 3, 4,5, 6, 7, 8 9, 11, 12, and 13) The data have been presented in
detail in reports issuved by the Idaho Department of Fish and Geme and form
the basis for this study., (See espeecially Refs. 2, 7, 9, and 13.) The fish-
ery for kokanee is of predominant importence in Pend Oreille Laeke. Further-
more any adverse effect of the dams will probably result chiefly in a redused
abundance of these fish. For these reasons I have here considered only the
data on the kokanee fisherye.

In addition to presenting the creel cemsus data, the Idaho Department
has made various analyses of the data which were either issued separately or’
were included in the sreel census reports. The Department engaged Dr. Daniel
Ro Embody as Consulting Statistieian to aid in planning the census and to
participate in the analysis of datas The analysis has proceeded primarily
along the lines of Analysis of Varience and Multiple Correlation with the
expressed purpose of meking "estimates of the total annuel eatch of salmonidso™
(Refs 11) From estimates of total cateh and total number of hours fished,
estimates have alse been made of the average catech psr fishermean per hour
over the entire lake. (Refs. 6, 9, and 13) .

The several agencies inwlved (Idaho Depertment of Fish and Game, U, So
Pish and Wildlife Service, Washington Water Power Company, and the Corps ef
Engineers, U. S. Army) have also cooperated in making surveys of the spawning
grounds of the kokenee for the purpose of observing the numbers of fish spawn-
ing and the immediate effects of the conditions imposed by the dams on ths
survival of eggs anml young fish. Various biologieal studies have also bsen
made including the determination that the dominant age of the kokanee taken
in the fishery is fow years. The latter ig importent because it shows which
brood=year is primarily responsible for the abundance of’kekanee in ‘any givemn
fishing seasom and so makes it possible to relate abundance to oonditions
imposed by the dams. These are important phases of the over-all program of
study but are not directly involved in this analysis of the creel eensus dats.
(Refse 4, 5. 9, 10, 14, and 15) "y




in orader to dstermine the effect on the fishery of the twe dams it is
cbviously essential to have a reliable measure of the abundance of kokanss
that are available te the fishermen from year to yeare I question the
value of estimates of total catch for this purpose no matter how refined
they may be. Fishery biologists in general do not consider that total
cateches are good measures of abundance because they ars affected so greatly
by the amount of effort expended to produce the catch; and the amount of
effort is affected by numerous causes, some of them economiec while others
are related to weather conditionse. Total catch may be considered to be =
measure of the amount of "utilization™ of the fishery resources but not a
me&sure of abundance. Fishing effort is mentioned briefly in Reference 12
where it is stated that "a gtudy of hours of effert and numbers of fisher-
men present on the stream throughout the season would reveal if the eatszh
peak was related to efforbe..."s but, except for the estimates of average
satch per hour mentioned above, no attempt has been made to relate effort
to catche

In general, fishery biologists use, as a moasure of relative abundancs,
some "ecatch per unit of effort®™ such as the catch per fishing boat per day,
sateh psr hundred hocks per set of long~lines, catch per fisherman per day,
osatch per fishermem per hour, etcs The average catehs of kokenee in Pend
Oreille Lake per fisherman per hour (mentioned above) are of this nature;
but these have been based on estimates of total numbers of fish eaught and
total numbers of hours fished over the entire lake. These esvimetes of
totals combine heterogeneous data and & more reliable measure of cateh per
unit of effort can be had by using more homogemeous data, as I have attempted
- to do below,

It should be pointed out that such measurss of relative abundance ars
actually measures of gpparent relative abundance. Fishery biologists recog-
nize that there are factors other than true abundance that mey affect the
catch per unit of effart. These are mnot well understood and are excesding=
ly difficult to demonstrate and measure; but they are associated with what
has been called "availability." PFor example, if part, or all, of a popula=~
tion of fishes migrates, either horizontally or vertieally, away from the
waters customarily fished, the apparent abundénee will be reduced even
though the true abundance remains constante

The oreel census reports provide ample data from which estimates of
relative abundance may be made. They are excepbtional in that thsy show
(2) the total number of fishermen engaged, {b) the total number of hours
fished, (c) the total number of kokanee caught, and (d) the total number
of fish caught for (1) each of the four localities (Hope, Sandpoint, Gurfield,
and Bayview), (2) each of the three types of fishermen (Resident, Non-resi-
dent, amd Commercial), (3) each of the months during which the census was
conducted (usually 10, February through November), snd (4) each day of the
census classified as to type of day (Sundays, Saturdays, and Weskdays) = 360
ultimate categories, approximtelys




uLTirate categories as a basis ior determining an index of sbundance for
a given year; for example, the cateh per fishermem per hour estimated for
resident fishermen on Sundays in June at Bayview would provide an index
that could be compared year by yeare. But this would be quite wariable
due to the inevitable "errors of random sampling" and would disregard a
large part of the available datae. The problem, therefore, is to select
logical combinations of such ultimate categories that appear to be reason=
ably homogenous and that will give indices of satisfactory reliability.
In discussing a similar problem Shewhart says "The engineer who ig success=
faul in dividing his data initially into rational subgroups based upon
national hypotheses is...inherently better off in the long run than the
one who is not thus successful." (W A. Shewhart, "Eeonomic Comtrol of
Quality of Memufactured Product™, 1931, p. 299) And Grant states that
"The basis of subgrouping calls for careful study, with a view to obtain-
ing the maximum amount of useful informe{ion from sny econtrol chart,"
(Bugene L. Grant, "Statistical Quality Control,™ 1946, p. 18l.) I havs
selected two such combinations which seem to provide good indices. These
mey not be the best possible combinations but they have been guite stable
over the four base years, 1951 through 1954, during which abundanee could
net have been affected by the dams. The fundamental idea is to use the
irdices for these four base years as a "yard stick™ with which to measure
changes in abundance during the subsequent years in which the affect of
the deams may be felte

My approach to the problem has been a simple ons statistically
although it has involved considerable arithmetics The plan has been to
apply first principles of statistical analysis to the data for one year
of the oreel census to determine whieh categories may reasonably be com-
bined to provide adequate indices of abundance; then to determine the
same indices for the other base ysars. The mean of comparable indices
for the base years may be teken as the best estimate of a measure of abun=
dance previous to the installation of the dems. The variation of the
indices for individual years around their mean will give a basis for deter-
mining "eonfidence limits"™ within which comperable measures, based upon the
same conditions, may be expected to fall with a specified probability - say
19 times out of 20. 1Indieces similarly ealculated for years suhsequent te
the base years - years in which abundance may have been reduced by the
presence of the dams - may then be compared with the standard established
by the base years and it will be immediately apparent whether a statistic-
ally significant reduction in abundance has occurred, It is to be noted
that creel census data are not yet available for any of the years execept
the base ysars. This is, I believe, a unique situation in fisheries re=~
searsch in that a standard has been established well before the figures ars
available that are to be commred with it. The Idaho Department of Fish
and Game is to be cormmended for its foresight in establishing the ereel
census in time so that this could be donee.

In the interest of conciseness, details of the study, especially
those of a statistiecal nature, usually have been omitted,
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As mentioned above, the first step has been to study in some detail
the creel census data for ome year in order to determine a sombination of
categories that would provide adequate indices of abundanse. For variocus
reasons I selected the ocreel census for 1954 as the one to be studied.
This was the last ysar for which date were awvailable, and waes also the
last one of the base years. The census for 1951 was not well stabilized,
especially during the first few months, and some changes in methods for
conducting the census were made in 1952 and 1953s The censuses for. 195
and 1954 were conducted without change and it is reasonable to assume that
the procedures in 1954 were well established and will be followed in future
yearso

The data as published had been aedjusted for "missed fishermen" - those
known to have fished but who had not been interviewed by the census takers.
The adjustment was made on a simple proportional basis and is described in
Reference 2, pages 6, 7, and 8, Otherwise the data are those actually
resorded in the fields For the purpose of calculating such an index of
abundance as is suggested below this adjustment for missed fishermen is mct
HeGOSIATYe

Two indices of relative abundance are possible - catch per fishermsn
per day and csatch per fishermsn per hours. Much of my preliminary work was
done using cateh per day, which is somewhat simpler to handle end ig, as
will be shown, almost as stable., However, since the Idaho Department has
used catch pr hour, it has seemed desirable to present both indices.

Retabulations The pertinent data published in the ereel cemsus repocrt
for 1954 (Refo 13 ) were retabulated in a econdénsed form that was more con-
venient for use in calculating statisticse, Several different arrangements
were tried but the one finally adopted is illustrated by Table 1, which '
gives the data for resident fishermenm landing catches at Bayview during
1954, A total of 12 such tables was prepared, one for each type of fisher-
man at each locality. It does not seem necessary to reproduce all of these
tableg in this supplementary report because they are merely rearrangements
of the data given in the original report; but copies are om file in the
office of the District Engineer, Corps of Engineers, Seattle, Washington,

Each of these tebles gives, for each type of day, the totals for esach
month of (1) number of fishermen (designated as "f"), number of hours fished

(®*h®), number of koksnee caught ("k"), and total number of fish caught ("t").

Then, for each ultimate category, defined by locality, type of fishermen,
type of day, and month, the following statistics were calculated by slide
rule and added to the table: (a) mean number of hours fished r fisherman
("h/£*), (b) mesn catch of kokanee per fisherman per day ("k/f"), (&) mesn
catch of kokanee per fisherman per hour ("k/h"), emd (d) percentage of
kokanee in the total sateh (™100k/t")s The first and fourth of these wera
ugseful in determining which categories might properly be combined, and ths
gecond and third ere the indices of relative abundsnce. The first thrse
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Next the columns in each sub-table, defined by locality, type of fisher-
man, and type of day, were summated to give totals for the year and weighted
statistics for the year were calculated and added to the sub-tables (lines
designated ®Totals"™ at the bottom of each sub=-table),

Finally, a fourth sub-table was preprred, defined by locality and type
of fishermen, showing, for each month, the totals of the three types of days
and the corresponding weighted statisticse. The first four columns of this
sub=table were summated to give the totals for the entire year for the desig-
nated locality and type of fishermen end fram these totals weighted statisties
for the year were calculatede The data and statisties for the entire year
appear, therefore, in the bottom line of each table defined by locality and
type of fishermen. (See table 1.) {

In order to eliminate inaccuracies in transcribing data and calculabing
statistics, two entirely independent series of these tables were prepared.
Few significant errors had been made in the first series and these were cor-
rected. Slight differences in the valuss of the statistiecs were ignored -
those of the order of 0.l or 1%. These were due chiefly to differences in
rounding off or in reading the slide rule.

These 12 tables were then studied to determine what combinations of
data would provide satisfactorily stable indices of relative abundance.
The date for each fundamental category (type of fishermen, locality, type
of day, and month) were compared and, in each case, only those elements
were combined as a basis for calculating indices that were reasonably homo-
geneous .

Type of fishermen. It is common knowledge that the commercial fishery
is quite different from the sport fishery that is carried on by both resi-~
dent and mon-resident fishermen. This is elearly shown by the statistics
given in Table 2 The commercial fishermen fish more hours per day, eatch
approximately ten times as many kokanee per day or per hour, and their
total catch consists almost entirely of kokanee while the sport fishermen
satch appreciable percentages of other fish. Another point of difference
between the commercial end the sport fisheries is the fact that the som-
mercial fishery is largely confined to the first half of the year (February
through June) while the sport fishery covers the months from February through
November. These differences make it illogical to combine the data on com=
mercial and sport fisheries: to do so would increase the wariability (vari-
ance) of the derived statistics so that much larger deviations from the means
of the base years would be necessary before statistically significant differ-
ences could be claimede I have, therefore, calculated separate indices for
the commercial and sport fisheries,

On the other hand, there is comparatively little differenece in the
statisties for resident and non-resident fishermen so that these may reason-
ably be combined to give indices for the sport fishery.




Statisties for 1954 for each type of
fishermen and each locality

i Bype of Statistio
fishermen  Locality h/f k/f x /h 100/t
Resident Hope 4.2 645 1.6 90

Sandpoint 3el 2.4 0.8 31
Garfield 5.0 846 1.7 94
Bay'view 544 10.4 1.9 98
Non-resident Hope 4,6 4,7 1.0 94
Sendpoint 4.4 4.4 1.0 78
Garfield 503 5.7 1.1 94
Bayview 546 10.3 1.9 98
Cormmercial Hope 664 10042 15,8 100
Sandpoint 62  81.0 13.2 99
Garfield S5e7 60s4 10.6 100
Bayview 660 5342 9.0 100

Localitye From Table 2 it is apparent that there are locality differ-
ences in the statistics for each type of fishermen. The statistics for
Sandpoint are especially divergents The sport fishermen of both types at
this locality fish fewer hours per day, catch mueh larger percentages of
fish other than kokenee, and the indices of relative abundance (ké and k/h)\
are, with one exception, lower than those at any other loeality. The excep-
tion is for the indices k/h for non-resident fishermen which is the same
(to the nearest tenth) as that at Hopoe These differences are so great
that it has seemed best to eliminate the data from Sandpoint altogether
and to calculate the indices for the sport fishery from the data for: the
other three localities, This, however, takes out, for 1954, less than 5%
of the total sport catch recorded in the census, as shown in Table 3, ‘

Table 3
Kokanee reported in the census for 1964
by type of fishermen end locality

‘ Sport Fishery Commercial Grand
Locality Resident Non-resident Total Fishery Total
Hope 5840 3324 9164 12426 21590
Sandpoint 4027 1162 5189 12031 17220
Garfield 7895 6950 14845 26638 41483
Bayview 39675 56163 95838 28818 124656

Totals 57437 67599 125036 79913 204949
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resident and non-residemt fishermen. There is a marked tendency for all
of the statistics for both types of sport fishermen to increase as one
passes from Sandpoint through Hope and Garfield to Bayview; i.e., from
the lower to the upper end of the lake. In spite of these locality dif-
ferences, I lmve decided, rather arbitrarily, to combine the data for the
sport fisheries at Hope, Garfield, and Bayview in order to get annual in-
dices for the sport fishery as a whole. This will not disturb the stabil-
ity of the annual indices unless marked changes take plaece in the propor-
tions of recorded catches in the different localities. Individual locality
indices, such as those given in Table 2, might be used but I have not at-
tempted to do this.

Locality differences for the commgreial fishery are quite different
from those of the sport fishery. There are relatively slight differences
in number of hours fished end percentage of kokamnee in the total catch;
but there are distinet differences in the indices of relative abundance.
These show a well marked trend from the lower to the upper end of the
lakes but this is the reverse of the trend shown by the sport fishery:
i.es, the highest values are at the lower end of the lake end the lowest
at the upper ende I can offer no explanation for this peculiarity but
it would seem to rule out the interpretation that there is a trend in
abundance from one end of the lake to the other. It mey be that the
more efficient sport fishermen tend to land their cecatches at Garfield
and Bayview while the more efficient commreial fishermen tend to land
their catches at Sendpoint and Hope. However, my knowledge of local
conditions is not sufficient to warrant offering this as more than a
tentative suggestion. Again I have decided to combine the data from
all four localities as a basis for calculating annwl indices for the
commercial fishery as a whole. The individual locality indices for com-
mercial fishermen are given in Table 2.

Type of day. A study was mnde of the variability of indices for
different types of days within a single important ecategory defined by
locality and type of fishermen. The category selected was that of
resident fishermen at Bayview. The monthly indices are shown in Tebles
4A and 4B and the annual indices (unweighted mean of the monthly indices)
are given in the bottom lines of each of these tables.




Monthly indices for Bayview
Resident fishermen by days,

1954
A. Index k/f
Day
Month Sundays Saturdays Weekdays Mean(unweighted) -
Febe 0.l 2.2 2.0 1.4
Mﬁho 5.2 18.6 17.1 13.6
Apre. 345 642 10.1 Be8
May 17.7 10,7 1642 1409
June 4.0 1243 1362 948
J\ll’y 2048 1640 5e4 14,1
AUgo 3e6 Sel 5.2 4.6
Septe Sed 6.9 6aT 63
Octe 10.8 13.9 12.2 1243
Rove - 260 ] 1207 Ted
Meen T9 9.4 10.1 Y1
(unweighted)
Be Index k/h
Febe 0+0# 045 045 043
Mch. 0.9 4.4 a7 360
Apre. 0.8 l.4 202 1.5
May 3.4 1.9 2.7 2.7
June 0«8 2.1 201 1.7
July 3e2 207 1.0 2a3
Aug. 067 1.1 1.0 0.9
Sept. 1.1 1.4 1.3 1.3
Oots 243 269 340 2.7
Nov, o Qo4 363 1.8
Mean 1.5 1.9 261 1.8
(unweighted)

As noted above, the standard procedure of the oreel census provides for
observations at each locality on one Sunday, one Saturday, anmd three week=
days each monthe The monthly statistics for Sundays and Saturdays are
therefore, for each locality, generally the observation for a single daye
The data for the three week days have been combined so that the monthly
statistics for weck days are the weighted means for three dayse. S8Similarly,
the annual statistics for each locality consist of the means of about 10
Saturdays, and 30 week days, since the census has ordinarily covered the
ten months from PFebrusry through.November.
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for types of dayse This indicates that the data for the three types of days
may be combined to provide a single welue for each month. (The same tables
are used in the next section to determine the statistical significance of
the differences in monthly indices in which the three types of days are
combined.) A similar study might be made of the other ocategories defined
by looality and type of fish®ermen, but I have not attempted to do this
because of limited times

The annual statistios for the different types of days are givem in
Table 5 for all localities and types of fishermen.

Table 5,

Indices for 1954 by locality, type of fishermen,
and type of day (weighted means)

Type of Type of

Locality fishermen day h/P k/f k/h
Hope Rese Sue 444 4.2 1.0
- Sae 4.2 37 09
Wik, 4,0 1040 245

N"',!Reso 'Su. 4,9 3¢9 048
4 ‘Sa. 4.8 4.9 1.0

4 Wke 442 54 1.3

Cone Sue 444 33 .2“ 7.6

SQQ 5.8 25.0 4.3

Wke 666 118,0 17.8
Sandpoint Rese Su. 346 4.9 l.4
Sa. 3.2l 1.9 0.6

Wk, 2.8 0.8 0e3

K-Rese Sue 4,3 Te5 1.8
Sae 4.6 25 0a6

Wee 4.2 33 0.8

Conte Sue 6.1 705 11.5

Sa. Be4 10042 1548
Wke 6el 7540 12,3
“Garfield Rese Su. 5.1 7e8 1.8
' Sae. 4.9 8.0 1.6
Wk S50 10.1 2.0
N-Res. Sue 5.4 540 0.9

Sa. 5.8 6el 1.2

Wk 4.9 546 1.1

Come Sue 6e0 3844 Ged
Sa. 545 67.2 12.2
Wk 57 675 11.8

Bayview Rese Su. 544 10.0 1.8
Sa.. 5.2 10.1 200
Wk 5.4 10.8 240
N-RGSQ Su. 5.5 9.6 17

Sae 5e8 12.2 2.2

Wi R_4 1n. 9 1 a




combined.

The statistics for the commercial fishery are more variable. They
are much higher than those for the sport fishery but are of the same order
of magnitude at all localities. As mentioned -above I have used the data
for all four localities in caleulating indices for the commercial fishery.
At Hope and Bayview the indices are notably higher on weekdays than on
Sundays and Saturdayse At Garfield there is mo appreciable difference be-
tween the indices for Saturdays and weekdays but both are approximately
twice those for Sundays. At Sandpoint the figures for Sundays and weekdays
are similar but those for Saturdays are somewhat higher. The generally
" better success of the commerecial fishermen on weekdays may be due to the
fact that there are relatively fewer sport fishermen during these days;
or it may indicate that only the more adept commereial fishermen fish om
weekdayse Separate annual indices might be ocaleulated for each type of
day and those for different years comparede However, since the data for
sach month at each locality are uniform with respect to the number of days
of each type on which observations are made, the different types of deys
mey be combined and still provide comparable monthly and amnual indices
for the commercial fishery.

Monthse The monthly indices for the sport fishery within categories
defined by locality and type of fishermen are extremely variables This is
illustrated, for resident fishermen at Bayview, by the columns headed by
k/? end k/h in the last section of Table 1 in which the index k/f varies
from 2.1 to 15.9 and the index k/h varies from 0.5 to 2.8. The analysis

_of wvariance of the data in Tables 4A and 4B (above) showed that the dif-
ferences in monthly indices were significent at, approximately, the .05
levels Similar variability is apparent im all other comparable categoriess
but these have not been tested for significance. It is alse apparemt in
Table 6 which gives the monthly data and statistics for the entire sport
fishery - exclusive of Sandpointe

Table 6. .

Monthly date and statistios for the sport fishery, 1954. (Combines

date on resident and non-resident fishermen at Hope, Garfield and ™

Bayview.
Month £ " h kK h/f. k/f k/h
Fob. 329 140% 656 4.3 240 0.5
Mch. . 430 2078 4589 . 448 1047 242
Apr, 515 2289 3975 4.4 7.7 I
Moy 1798 9126 22140 541 12.3 244
June 2682 15138 23879 546 . 849 1.6
July 2672 15389 33778 548 1246 2.2
Avg, 1287 6298 6236 4.9 4.8 1.0
Septe. 2193 11481 16200 542 7e4 1.4
Octe 751 3707 8141 409 10.8 2.2
NoVe 369 1946 253 543 047 0el
Total 13026 68855 119847 543 9.2 1.7

It will be noted that the indices for F%bruary and November are exceptiom~ ..j*

ally low.




sport fishing in February and November,and, as mentioned above, the 1954
indices for these months are much lower then those for the other months.
More important is the fact that data for all three of these months are not
available for all of the base yearse. In 1951 the organigation of the creel
census was not finally standardized umtil in June although "the first organ=-
jzation .. was drawn up during the week of March 10." (Ref. 2.) The pro-
cedure during April and May was not quite the same as that in later months,
but it was near emough so that the data reasonably can be includeds In 1952
the census did not start until April le¢ In both 1951 and 1952 the census
was stopped at the end of Oetober. 4All three months were included im the
consuses of 1953 and 1954. In calculating ennual indices for the base years
it seems desirable to use the same categories for each year - and, of course,
for the subsequent years. For these reasons they have been based on the data
for the months April through October onlye Uniformly determimed annual
indices are virtually a necessity for the purpose of comparing abundance

in the base years with that in the subsequent years that msy be affected by
the damse

Table 7«

Monthly date and statistics for the commercial fishery, 1954.
(Combines data in all localities.)

Month £ h k h/f K/t  k/h
Febe 126 662 1068 542 845 1.6
Mch, 214 1222 10260 5e7 4840 8e4
Apre 374 2257 23226 640 6045 10.3
Mey 290 1710 29816 549 103.0 17.5
June 148 951 10115 6ed 6844 10.6
July "87 429 3393 Ged 5046 749
Kage 28 128 1504 546 6545 11.8
Septe 14 86 531 Bsl 3840 642
Total 1256 7445 79913 5.9 6348 10.7

The date for the commerclal fishery of 1954 are given in Table 7s
While some commercial fishing wes carried om in all months from Februa.ry
through September, it is obvious that most of it was limited teo the months
March through June. The seme was true of the commereial fishery for 1953
There are, however, only three months that are represented in all four of
the base yearse. There are ng data for March, 1952 and, for reasons given
above, those for 1951 cannot be comsidered strictly comparable with those
obtained after the census methods were standardizeds I have decided,
therefore, te base the ammal indices for the commercial fishery on the
data for April ’ ¥ay, and June onlye
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the sums of the data (f, h, and k) for both resident and non-resident fisher-
men for the months April through October; and for the commercial fishery for
the sums of the data for all localities for the months April through Junse.
There are, therefore, four indices each of which can be used to show vari-
ations in relative abundance from year to year.

Eaphraw these annual indices is a weighted mean of the monthly indices.
Unwelghted means might have been used but weighted means are the more stable,
Incidentally, the weighted means will be larger or smaller than the umweighted
means depending upon whether the weights and monthly indices are, respectively,
positively or negatively correlated; but this is not important to the present
purposess Discrepancies between weighted and unweighted means due to this
will be noted in the tables; as, for example, the ammual means given in Table
1 and Table 4, The weighted means are consistently larger than the corres-
ponding wnweighted means. This indicates that, as would be expected, there
is more fishing when the fishing is better.

The two indioces, k/T and k/h are highly correlated. This would be
expected from the fact that the average number of hours of fishing is fairly
constents The bivariate distribution is, however, strongly heteroscadistic =
i.e., the absolute variability of each variate increases proportionately as
the variate increases. In such distributions the usual Psarsonian Coeffig-
ient of Correlation (r) cannot be used to measure correlation. However, a
related measure of correlation can be calculated from the logarithms of the
original wvalues although it is difficult to interpret. This has been done
for one series of indices - k/f and k/h for the months April through October
and for sport fishermen at Garfield and Bayview combinedes The correlation
between the logarithms was positive and the coefficient was over .98 which
is exceedingly highe. Obviously these indices are not independent and either
may be used as a measure of abundances

INDICES OF RELATIVE ABUNDANCE FOR THE FOUR BASE YEARS

The four indices as described have been determined feor eaoh,of'the four
base years and are given in Table 8.

Table 8, Indices of relative abundance for the four base years,

1951 -~ 1954

Sport fishe Commercial fishery
Year /Po k;g k/f . k/h
1951 10.3 1.8 89,6 11.1
1952 8.2 1.5 9068 12,9
1953 95 1.7 80.5 12.6
1954 9.6 1.8 77«8 12,9
Unweighted .
‘mean, X 9.4 1.7 8447 12.4
8 0.876 00141 60493 0,862
CeVo 9.3 Be3 Te7 7.0
LCL 95 7.959 1,468 73,994 10,957
LCJI...99 7362 1.372 69.566 10.369
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include the data ror all months while those 1in Table 8 include only the data
for the months April through October.) Below the body of the table are given,
for each imdex; (1) the umweighted means (X); (2) the Standard Deviations (s);
(3) the Coefficients of Variation (CeV.)s and (4) two Confidence Limits for
each index (LCL°95and LCL°99)° The means and standard deviations need mno

explanations

The Coefficient of Variation is a pure number which expresses the
standard deviation as a percentage of the mean. It is & meamsure of relative
variability. Coefficients of Variation may, therefore, be directly compared.
It is apparent that the relative variability of all four of the indices is
about the seme; and the coefficients are relatively low, indicating that the
values of each index are relatively stable over the four base years. The
largest coefficient is 9.3 and the smallest 7.0 Even this extreme differ<
ence is not significant statistically = it would occur by chance a little
more than half the time, In respect of variability, therefore, the four
indices are substantially equal.

It is interesting to note in this cormection that the Coefficient of
Variation of the catch per hour of all fishermen as calculated by the Idaho
Fish and Game Department fran estimates of the total catech and total number
of hours fished (Ref, 17) is much more variable than the indices given here,
The Coefficient of Variability is 23.6. This index would, obviously, provide
a much less critical method for demonstrating reduced -abundance.

The confidence limits have been so calculated as to show the wvalue of
the index above which 95 and 99 percent of walues would be expected to fall
solely as a result of "the errors of random sempling.™ From the opposite
point of view, only 5 percent end 1 percent of the comparable values will
fall below the respective confidence limits solely by chance. The symbol
for these confidence limits, LCL, is adapted from the contrcl chart technique
and signifies the "Lower Control Limit.™ '

Typical control charts for the four indices are presented in Figure 1l.
These are extended beyond the base ysars so that new points, calculated in
the same manner as these for the base years, can be added as they become
available. If a point falls below one of the lower control limits it will
indicate, with the specified probability, that e real reductiom in abundance
has ocourred., For example, if the value of k/? for the sport fishery in
1955 should prove to be 7,5 one may conclude that abundance is lower than
that of the base years with a probability of less than ,05(one chance in 20)
of being wronges Or, if it should drop to 7.0, the chance of being wrong in
reaching this conclusion would be less than ome in 100. It goes without say-
ing that the evidence for or against a real change in abundance will be
strengthenad as years are added to the series,

/s/ Willis H. Rich
2120 Santa Cruz Avenue t/ Willis H., Rich
Menlo Park, Californis

8 February 1956
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Instructions for Creel Census at Lake Pend Oreille., (June, 1951%)
Wme Markham Morton and Timothy M. Vaughan

(Issued by either the Idaho Department of Fish and Game or the U.S.
Fish and Wildlife Service. Not dated but it is stated in Referencs
(2) that these instruction were "written in June.")

Pend Oreille Lake Census 1951: Tabulation of Census Data by Days.
(November 29, 1951)

Daniel R. Embody

Research Report, Idaho Department of Fish and Game

Lake Pend Oreille Creel Census 1951: Tabulation of Census Data by
Months, (February 5, 1952)

Paniel R. Embody

Research Report, Idaho Department of Fish and Gamse

Fisheries Investigations of Lake Pend Oreille, Idaho, 1951s
Biological and Economic Survey. (December 12, 1952)

Paul Jeppson and Tim Vaughan

Completion Report; Investigations Projects, Idaho Depertment of Fish
and Game.

Fish and Wildlife Resources Affected by Albeni Falls Project, Pend
Oreille River, Idaho. (March, 1953)

James T. McBroom

Interim Report, U, 8. Fish and Wildlife Service

Creel Census - Pend Oreille Lake. (October, 1953)

Paul Jeppson

Completion Report, Investigations Projects, Idaho Department of Fish
and Game,

Pend Oreille Lake Census, 19523 Tabulation of Census Data by Days
(April 1, 1953)

Taniel R. Embody

Reaearch Report, Idaho Department of Fish and Game
(Issued es an appendix to Reference 6,)

Biological and Economic Survey of Fishery Resources in Lake Pend
Oreille. (Undated but probably late in 1953)

Forrest R. Hauck

Progress Report, Idaho Department of Fish and Geme

Lake Pend Oreille Creel Census (for 1953), (February, 1954)
Paul Jeppson

Completion Report, Idaho Department of Fish and Game
(Appendix A gives Creel Census Data by Days.)
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Lake Pend Oreille, Idaho. (February, 1954)
Willis H. Rich
Corps of Engineers, Department of the Army, Seattle Distriet

11, Biological and Economic Survey of Fishery Resources in Lake Pend
Oreilles A Comparison of the Total Catches for the years 1951
and 1952, (February 13, 1954)
Daniel R, Embody
Job Completion Report, Idaho Department of Fish and Gamo

12, Analysis of Variance Calculations as Applied to Creel Census Data.
(June 2, 1954)
Dariiel Rs Embody
Research Report, Little Selmon River Project, Idaho Department of
Fish and Geme

13. Lake Pend Oreille Creel Census, 1954. (February, 1955)
Charles R. Whitt
Job Completion Report, Ideho Department of Fi'sh and Geme

14, Study of the Kokanee Fishery of Pend Oreille Lake, Idaho, 1954-1955
(April, 1955)
Willis H. Rich
Corps of Engineers, U. S. Army, Seattle District

15, Same: Supplement Nos 1l: Scale Studies. (July 9, 1955)
(The present report is Supplement No. 2.)

16, Statistiocal Adjustments of Creel Census Data for Pend Oreille Lake
to Compensate for Changes in Census Methods. (June 15, 1955)
Daniel R. Embody
Research Report, Idaho Department of Fish and Game

17, -lLake Pend Oreille Creel Census 1951-1955 (No date)
Idaho Department of Fish and Game
(This is a series of three tables presented to the Pend Oreille
Tochnical Committee on November 3, 1955. They compare the dat& for
the base years 1951 through 1954 with the data for February through
August, 1955 and with predictions of the total catch for 1955.)




