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-PREFACE

This study Qas-made in order to developfand evaluate methods of
estimating inland commercial fisheries harvest and to describe the cur-
rent Oklahoma commercial fishery. The field work was conducted from
Jﬁly, 1967 through June, 1968 by the Oklahoma Department of Wildlife
Conservation under the supervision of Gary'Mensinger. |

I'wish to express appreciation‘to-Dr..Robert C. Summerfelt, Advis-

ory Committee Chairman, and to Drs. Roy W. Jones and Larry P, Claypool,
Advisory Coﬁmittee Members, who reviewed the manuscript and gave advice
and helpful criticism. Thanks are given to Dr., Carl E. Marshall for
initial statistical counseling and to Dr. David Bee for advisemeﬁt dur-
ing analysis of the data. Spééial thanks are gi&en to Dr. Bradford E.
. Brown for continﬁous advisement>and direction throughout the entire
-study. I would like to express appreciation to my wife, Lenora, whose
’encouragemént and understanding made this study possible.

The project was supported by the U. S. Bureau of Commercial

Fisheries -under Public Law 88-309, Project No. 4-25-D.
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CHAPTER I
~ INTRODUCTION - -

Estimates of eommereiai fisheries catchﬁare needed to provide pre--
cise deterninatiqn of thegannnal harvest and economic Qaiﬁe of inland
commercial fiSheries:_ Harvest.andhcatCh Statisticsfare_useful in esti-
3 matingvrates'of"explqitation,_Sizevof.haryestable:stbck,'andfrelative-
pcpuiation eqmbosition. ,churate:and\preeise harvest,estimatipn pro-:
cedares areltherefere Valuable-tedlsvfor fisheries resouree management.

‘In Oklahoma, ail past.ebmmercial_harvest data ﬁere obtained from
"mandatory reportsvby commerc1a1 fishernen df their annual harvest

"_(Jones 1961 Elkin, 1959 and Houser, 1957) Houser (1957) ‘fished

' icommerc1a1 gear experimentally while studying the ‘Lake Texoma fishery.

His experinental fishing yielded catch rates similar to those reported
by the.commercial,fishermen,v,

“Workers in other:inland eommercial fisheries have used’variations
of the questionnaire method to determine total harvest In Kentucky,.
‘ Renaker and Carter (1967) obtained yearly catch figures by mailing
questionnaires to commerc1al-license holders._ They,1nterv1ewed.f1ve,>
‘percentref the.nonrespondents and expanded the catch of the 1nterv1ewed
_ sample of ndnrespondents te obtain‘the total catch of the nonrespone.nﬁ
dents.’ They added the two figures together to obtain annual harvest
figures; Carter‘(1961),1ntervieWed 20'percent of.the licensed,Kentucky

cdmmereial fishermen and expanded the interview data.to obtain an



estimate:of l§59hharvesti:eLamboui(1965),estimated the aﬁnuai'comﬂeég,‘.
' cial harvest.in the.Atchafalaya_3asin:Floodvayfinviouisiana by ekpand-
'ing_interview‘data. Eighteen?anddsix‘tenthsof:therCOmmercialﬂlicenSe :
‘ holders were'systematically;sampledrby interview methods.»,The 1icensed.
N commercial fishermenfs landings werelthen estimated usingba simple’ex-
pansionwestimateJas described by*Cochran (1963:165),_vLam50u (l965)?
inteIViewed 1 4 percent of the nonlicensed commerc1a1 fishermen who had
‘a commercial fishing: boat license,bandvestimated their catch by the‘
~'same”technique as for the licensedffishermen;” Estimates of commercial
‘harVestfof:fishermeh Without either»ajcommercialyfishingyboat:license
.or a“commercial,fishing license‘Were;attainediby assuming that'the’
averagevcatches ofblicensediand-unlicensed.fishermen were equal: These
estimates were checked by sampling systematically with questionnaire
deethods 24>6 percent of the wholesale fishbdealers from the parishes.in
the vicinity of the>Atchafa1aya Basin’Floodway.» The-total pounds ofuﬁ
_fish they bought from commerc1a1 fishermen were then estimated.as i,;g;.;

before._ Bryan. and White (1959) obtained catch figures of the commer-= -

’ ‘c1al fishery of the T..V. A Lakes of Alabama by personal contacts with

fishermen.y Mast of the information‘given by fishermen was from memory,
and‘only in avfew cases wereirecordsfused.~

ln.some:state fisheries, complete‘harvestbfigures are obtained by.
directlcensusy Hill (1968)”£eport5”th5£ commercial’fishermen in Nofth,

**fDakota reserVOirs keep complete harvest records of all landings, and

",no fish are shipped to market until checked by the state commerc1a1

: fishery supervisor.» Sullivan and Warnick (1968) report that in South
‘Dakota ‘the fishery‘is operated on a contract basis. The state employs

- .a limited number of commercial fishermen to operate'on‘a‘reservoir and -



h_guarantees‘ansnecifred price for_their'landingsdso that'accurateia;‘
'recordshof'harrest'are hept.‘ | |

FreshwateerOmmercial fisheries catch-figures:haueitherefore
dusualiy'been obtained’by.questionnaire,ﬁethods rathervthan from,extrap-_
; Oiations of,sampling data“derived:fromhdirect observationhOf the fish-
ermen's catchQ_,The:accuracy:of catch'statisticsbderiﬁedAfrom»fisher_
men's reports Wlll depend upon the accuracy of the flshermen s records
aand the W1111ngness of the flshermen to cooperate. :

; Questionnaire:surveys.do,not'sanple actual harvest,vonly the
:reported'haruest. ‘An inexpensive; accuratefstatisticaljmethodvbasedfond
,fsémp1¢5'¢fdth§ actual‘harvest‘could;be’used to;verify:the'estimatesu
.based'onQQuestionnaire data;hand:to»maketindenendent;inrtiai4estimatesh

't,Three~such;estrmates andva questdonnairetcensus>Weredused‘tovestinate
1dthe commerclal flsherles catch 1n Oklahoma from July;‘l967 throughd
vJuneg 1968 The purpose of th1s study was to determlne Whlch of these»
5aestinators rs’the,best usabie est;mator>1n.s1tuat10ns,as existed 1nrthe
| ,O‘kllahorna commercial fishery. | | | | ‘

| .samplesaof the-Oklahomahcommercial fisheryvharvest»during the
| 'projectjyearkwere takenron:theifoureiarge-Ohlahoma‘imnoundnents*from7‘
.thhichséovéercent_of the state‘s commercial harvest_iShlandedf ‘Thehh
.brsampllng unluerse“cons1sted of four populatlons. Each:population‘was

"y,the commercralkharvest of a 1ake.‘ The‘four 1akes were strat1f1ed by
;Limonth 1nrorder‘to make monthly‘estlmates and to increase the prec1s1on
of the estlmates.thhe three‘estlmates used 1nclude two ratlo estl-
;ﬂ:mators (Ra3; 1968 85 98 Cochran, 1963 154 186) whlch used flshlng ef-
ﬁffort as aux111ary 1nformatlon and a s1mple expans1on estlmator

"(Cochran;fl963:165)‘baSed'on average,catch per»fishermanutriptx



In order to determine the best estimator of the total annual
catch in this fishery, it was necessary to analyzeﬂthé mean square
‘error, as deséribedvby Cochran (1963:15) and Raj (1968:29,89) of fhe
three estimates. The mean square -error of the estimator @, which
estimates the parameter ¢, is deFined (Cochran, 1963:15) as the 'varir

ance of @ plus the square of the bias; that is,

E (g - )7
E (¢ - E@)]% + [E@) - ¢]

L]

M.S.E. (@)
2

(variance of 3) .+ (bias)z,

where E(}) means the expected vaiue of &. Therefore, the mean square
error is a measure of precision and-acéuracy.

Accuracy is measured by the bias in that it is a measure of the
‘size of the deviations from the valué-one wants to estimate. In this
case this is the actual total catch, a paramenteror a fixed character-
istic of the harvest during the sampling year. Precision refers to the
size of deviations from the value that is really being estimated. The
estimated total catch would vary from sample to sample if mofe than one
sample of the complete populgtion were taken at a given time interval.
in this case*precisiﬁn; therefore, refers to the wvariance of the esti-
mated total catch.

The precision will be estimated by procedures -given by Cochran
(1963:;89-173) for estimating the variances of the estimators used.

The -accuracy of the estimates will be determined by comparison with the
questionnaire census, by estimating the ‘approximate bias of the ratio
estimateé, and‘by-using’various empirical information obtained during

the study such as the relative accuracy of the auxiliary information



used in the two ratio estimates.

Determination of sampling procedure 'and allocation of sample size
are important when designing an estimation procedure. The sampling
procedure wused, including stratification of the populations and the al-
locations of sample size, will be described and analyzed in order to
datermine which methods are pfactical enoﬁgh to uée and still achieve a
reduction in variance thus increasing thé precision of the estimate.
The estimated catch, as determined by the estimators described above,

will be used to describe the current Oklahoma commercial fishery.



CHAPTER 11
METHODS
General Procedures

All data for the project were collected by Oklahoma Department of
Wildlife Conservation biolegists, The identity of all commercial
fishernen fishing on a given lake was obtained from commercial fishing
license records simce'commerciél fishermen are required by Oklahoma law
to state the name of the lake they will fish when obtaining the license,
Field biologists contacted each fisherman personally at the end of each
month and obtained a report of the amount of effort each fisherman ex-
pended during the proceeding month. At this time the field biologist
also took a questionmaire census of each of the fishermen's catches.
Sometimes the fishermen mailed in their catch and effort reports but
usually this information was obtained by interviews with the fishermen.

A random sample of fishermen was chosen and arrangements were made
to meet these fishermen on sampling days. The field biologist met and
accompanied the fisherman while he harvested his catch. As the fisher-
man picked fish from the net the field biologist measured and weighed
each»fiSh and recorded these data, During windy weather, wave action

made the weighing of fish impractical so only length data were taken.

- g
hid

In'every strata, however, at least 30 individuals of each species were
weighed so that weights could be calculated for unweighed fish. The

field biologist also recorded the number of feet of net used



and,therﬁumber of days that the net had been fished since. fish were
last removed from it.

The field data were then turned over to the Oklahoma Cooperative
Fishery Unit for analysis. ‘All sampled data and reported effort data
were cbded and transferred to computer cards. Fortran computer pro-
‘grams were written to estimate‘fhe total harvest and harvest per effort
by three different methods. .Other programs were prepared to estimate
the harvest of each species, the vafiation of the catch between and
within strata, and the weights of fish of known lengths that were not
weighed. 1IBM 7040 and System/360 Model 50 computers at th¢/0k1ahoma
State University Computer Cente} were utilized to make the necessary

computations.
Weight Estimation of Individual Fish

When windy weather made weighing of individual fish impossible in

the field only length measurements were taken. In every strata at
vle&st‘ﬁ@ individuals of each species were weighed and measured so
that accurate weights could be calculated for the unweighed individ-
uals. In order to estimate weights the relation W = c-Lb was assumed
where W = weight, b and ¢ are constants, and L = length. The method
of least squares (Steele and Torrie, 1960:167-162) was used for esti-
mating the linear regression of log W on iog L (in terms of natural
logarithms) for each species based on the thirty or more individuals
for which both weight and length were recorded. :The estimated slope
-and the antilog of the-estimated intercept were the estimates of the

constants b and ¢, respectively, for the given species.



Fortran IV programs were written to estimate the above vafiables
and to calculate the weight for all possible lengths in one tenth inch
increments. Coding personnel then obtained weights from computer out-
put for fish that were not weighed. The information was then punched

on the data cards that were used to estimate harvest parameters.
Sampling Procedure

The populations sampled were thé commercial fisheries catches on
Texoma,bGrand, Eufaula, and Fort Gibson reservoirs (Table ‘I). These
reservoirs were chosen because 83.7 percent of the total commercial har-
vest, as determined by a 1966 questionnaire census, came from these
reservoirs. The remaining harvest came from nine other Oklahoma reser-
voirs, most of which were small private bodies of water such as city
water supply reservoirs. Lake Texoma was inciuded in sampling because
it was estimated that over 50 percent of the total,Oklahoma.commer—
cial fighery harvest came from this impoundment (Jones, 1961); Eufaula
was included becéuse-the second largest group of fishermen (thirteen)
were concentrated on this lake. Lakes Grand. and Fort Gibson were
sampled because these lakes historically contributed significantly to
Oklahoma ‘s commercial fishery harvest (Elkin, 1959; Jones, 1961)}

A stratified random sampling procedure was used to estimate the
catch on each reservoir. A simple random sample was taken separately
for .each reservoir within each of 12 nonoverlapping monthly strata.
Before purchasing a commercial fishing license each fisherman was
required to specify on what lake he planned to fish. All fishermen who
could legally contribute landings to a given stratum within a popu-

lation were known. These fishermen were contacted and asked if they



- TABLE 1

CHARACTERISTICS OF OKLAHOMA RESERVOIRS WITH A MAJOR COMMERCTAL FISHERY

Years Miles

01d in Surface Shore Volume
Lake 1967 Acres ‘Line Location . . Acre Feet" Rivers Dammed
Texoma 23 93,080 580 S. Central Oklahomar 3,024,900 Red, Washita
Eufaula- 2 102,500 600 E. Central Oklahoma 2,378,000 Deepfork, Canadian
Grand 26 46,400 1,300 N. E. Oklahoma 1,643,000 Neosho

Fort Gibson

14 19,100 225 N. E. Oklahoma 365,000 Neosho
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would be fishing during the coming month. A sample of the required size
was then chosen from the list of fishermen on each reservoir by use of
a random numbers table. The chosen fishermen were contacted to arrahge
‘a mutually convenient day for the fishermen an& the field personnel to
go out together. The fisherman trip was the sampled unit. Pounds
harvested and effort expended as net length and time fished were the
measurements made.

Nonconformaties did occur. Occasionally a fisherman would say he
would not be fisﬁing and would fish, or one would say that he would
be fishing in a given month and would not fish. Sometimes the fisher-
maﬁ and field biologisi would agree upon a sampling date within the
month but the fisherman, due to illness,\personal reasons, or bad
weather , would not show up on the arranged day and place. In such a
case the field biologist tried to find another fisherman going out that
day or returned without sampling. On days when two persons were avail-
able and were using the same trénsportation, two fishermen were sampled
on the same day. 1In general, the procedure was for field biologists to
meet with the fisherﬁan, go out in the fishermaﬁ's boat with him, and
record the length and weight of each fish as the commercial fisherman
removed the catch from the net.

This sampling procedure therefore sampled fishermen trips in that
the complete monthly catch of a sampled fisherman was not measured,
only the complete catch of a single fisherman day or trip or raise was
sampled. However, fishermen trips were not chosen randomly, oniy
fishermen. in ordér‘to have chosen fishermen trips randomly, each
fisherman on each lake would have to have known a ﬁonth in advance each

day he would fish in the coming month. The investigator feels,
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however, that chosing the fishermen randomly and the more or less
arbitrary selection of thersampling day upon agreement between the
field biologist aﬁd fishermen resulted in a sufficient random selection
of fishermen trips.

The randomization procedure was further violated on Laké Texoma
due to a noncooperative group of four to six fishermen who would not
agree to letting their catch be sampled. Such fishermen were thus ex-

cluded from the samples.
Allocation of Sample Size

The total number of samples taken during the project year.was
determined by available resources. In order to achieve optimum al-
location of samples to strata (Cochran, 1963:95-97) a reasonable idea
ofbthe values of the intrastratum variance4must'be known. No previous
studies of the fishery included sampling the actual datch so that no
reasonable idea of these quantities was available. Past numbers of
fishermen, effort expended, and reported harvest were known and found
by inspection to be positively related. However, as described pre-
viously, the numbers of fishermen fishing on a stratum were known in
advance so that sample size was then allocated proportional to numbers
of fishermen. Cochran (1963:102) believes that on é practical basis
the precision gained by optimum allocation may not be worth the expense,
and that the simplicity and self weighting features of proportional al-
location are worth a 10 to 20 percent increase in variance. The in-
vestigator therefore felt that allocation of sample size proportional
to fishermen numbers, which was known to be related to effort and har-

vest in past studies, was -a usable procedure.



12

Allocation proportionalvto fishermen numbers was not strictly
followed because of field difficulties. No samples were. taken on Lake
Texoma during Januafy Because field personnel were not available.

Grand Lake was closed to commercial fishing during April by an act of
the state legislature. During windy months fewer samples were taken
than allocated because rough water made the prediction of possible fish-
ing days impossible. During some months extra help was available so
that more samples were 'taken than were allocated.

Analysis of numbers of fishermen trips actually sampled (Table II)
show that on Lake Texoma sampling fractions for the various strata
ranged from twovto seven percent and that three percent of the tetal
number of fishermen trips during the project year were sampled. On
LakevEufaula four percent of the total fishermen trips fished were
sampled with the sampling fraction of the separate strata ranging from
two to 13 percent., ‘Thirteen percent of the'fisﬁermen‘trips.Wefe
sampled on Lake Fort Gibson with sampling fractions ranging from four
pefcent to 40 percent. Ten percent of the fishermen trips were sampled
on Lake Grand with sampling fractions on the various strata ranging

from five percent to 17 percent.

s,

Measures of Effort

Measures of effort weré developed to obtain estiﬁates of the total
harvest and to describe certain parameters of the fishery. The two
meaéures'used were fishermen trips or “raises' and net mnights.

A fisherman trip refers to the effort expendedéby a fisherman dur-
ing the period he harvests fish from his nets. This measure may also be

referred to as a raise or net raise. Catch per raise or catch per



TABLE II

SAMPLING FRACTIONS, NEYMAN SAMPLE SIZE, AND ACTUAL SAMPLE SIZE OF FISHERMEN TRIPS SAMPLED

Lake Texoma » Lake Eufaula Lake Fort Gibson Lake Grand

Sample Allocation Sample Allocation Sample Allocation Sample Allocation
Stratum Fraction Neyman Actual Fraction Neyman Actual = Fraction Neyman Actual  Fraction Neyman Actual

1 — — .031 1 2 .200 3 4 .118 1 4

2 026 10 8 .068 1 5 087 2 2 .056 1 2
3 033 16 10 .076 4 6 .040 4 2 174 4 4
4 021 27 12 .133 6 6 400 4 4 el e
5 027 32 16  .019 5 . 097 0 1 174 4 3
6  .030 12 10 .035 3 5,053 0 1 132 2 4
7 .077 3 12 .046 1 5 .167 5 4 .075 3 3
8 .056 1 12 .154 7 6  .075 5 3 .125 2 5
9 .040 6 14 026 11 6 104 10 6 087 15 6
10 1,030 2 8 045 4 7 294 12 9 .082 9 8
11 . 026 4 6 .03% 14 6 .125 2 4 . 075 5 6
12 .033 4 8 .039 5 4 136 1 3 .125 5 4

£l
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%iéﬁétﬁéﬁ ﬁrip wasvthereforerthe:total nuﬁbéf»&f‘beﬁﬁdsﬂﬁéfvestéadby.a1
given fisherman_when helment fishing.A The length of net and perlod the_’
net 'was . £1shed are two. sources. of varlatlon which are unaccounted for
hin'thls measure’, - | B
| A"net night.ls:one'foot efvnet;flshedl;er.avza heur peridd se that -
‘net length and f1sh1ng perlod is adJusted for 1n‘the measure 'Harﬁest
per net nlght is the number of pounds caught per 24 hours per hundred
feet of net.v All nets‘were-approx1mately.the'Same ‘width (six feet);
'Effort figures were obtainedlbydinfeerewing-fishermen.: Each
. fisherman:fiShing'onhalgiuen‘stratum.wasveontaeted‘at thejend of:each
‘ menthvand;mas asked’theﬁnumberipf‘nights and length ef nethhe fished
duringpthe preceeding menth. Thesegflgureslnerevthen added together
.»wlthin eaeh stratum‘te.obtainvthe'tetal-net nlghts fished-on‘eachn
d.stratum.; Net nlghts expended to obtaln\the sampled catch were deter-l'
" mlned by the sampler by observ1ng the length of net sampled and asklng
the flshermen how long the net had been flshed | o |
‘ Erfqrt as raises were obtained in'much thepsame‘may; fAt the‘end of
’_eachfmohthjéagh flsherman‘fishing:in?a stratum;was contacted.and»asked
;hew many timesfhe‘went fishlng,.i;*e;, remeved'rlsh_from'hls‘nets;
7:§duringathe preceedlng:menth. ,Raises Were,eaSlly measured-on‘the-samples
beeauSé-gachlsample was ‘a fishermanbtrrp.or_ralse}
:EstimatignsPreeedures'f
‘~FQUr_estimates werefmaaeiéf_ﬁhehuémmérelal hafvestiénieach lakél~
blsOne method;of eStimatlon wasfa;questibnnaire»censusﬁhvTﬁeﬁratie'estifu
: mates‘werehﬁéde¥using”net niéhtsvfishedvas_a'egﬁéémitant:variable.v‘bne

: ratibiestimategwas5adjusted for;differences in-fishermen'eatehv
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efficiency and the other was adjusted for variation in daily cétch. A
simple -expansion estimate was also used which expan@ed the mean catch
pér fisherman trip by the total number of fisherman trips. Notation
and symbolism used to describe‘fhese estimators. follow Cochran (1963).

As shown in the formulas given, all total estimates were made by .
using the separate estimation procedure (Cochran, 1963:167) so thét
stratum parameters were estimated and added together to obtain the
total. This method was used because the ratio of catch to effort (Rh)
varied significantly from strétum to stratum. Also the»Xh were known
thus making the method possible. Cochran (1963:98) states that unless
the Rh‘are constant from stratum to stratum the use of a separate

ratio estimate is likely to be more precise than a combined ratio esti-

mate.

Questionnaire Census

The -questionnaire census was based on the monthly fishermen catch
reports required by Oklahoma state laws. During the year the study was
" conducted the field personnel contacted the fishermen personally every

month and gathered this information as effort information was collected.

Estimate I

- The first ratio estimate of the total harvest in pounds is of the

general form given by Cochran (1963:154) and Raj (1968:85-86) as

O

z

1

v, .
1 hi

1 T h'
% X

j=1 bl
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where n = the numbetr of fishermen sampled in stratum h,

L = the total number of strata in a given population,

Yhi™ the total catch of the ith fisherman sampled in
stratum h,

X, .= the total net nights expended by the ith fisherman

hi .
sampled in stratum h, and

X _ = the total net nights expended by all fishermen in

stratum h.

N .th . ; ' ,
In order to know the yhi,.the:l fisherman would have had to have his
catch weighed and his éffort determined each time he fished in the

| _ , th ‘
stratum. This was not feasible. The catch of the i fisherman there-
fore was estimated from a sample using a ratio estimator. The esti-
mate was tsually made. from one sample -so that the variance -about this
random variable, and thus the variance about the estimate of it, could
not be estimated. On 'a few occasions a fisherman was sampled twice in
a strata. 1In these few instances both samples were combined and -

treated in the analysis as one. ‘The-yhi were then estimated by

Thi
. , _ 'El Thij
1:2 9. .= e
hi oo, hi
: hi v
Z %,
J=1 hij
.th _, ' '
where n, . = the number of samples taken of the i fisherman's
hi . . .
catch 4in stratum h (one in most cases),
g < the net nights fished by the ith fishérman on stratum h,
= . ‘ ; .th . . .th : .
x, .., = the catch of the 1 fisherman on the j sample in
hij ' N
stratum h, and
= . . .th . .th
-Xhij = the net nights fished by the i fisherman on the j

sample in stratum h.
The estimate of the approximate variance of the ratio estimate of

the total catch was estimated following Cochran (1963:168) by
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‘waleulating
n.h
. N, (1-—)
~ L h Nh 2 ;2 9 .
1.3 vpe) = 2 Gon ¥Ry Sen ~ 2R, sp)
h=1 n
' 2 T - .2
'th = "i; (Xhi - xh) / (nh - 1)’
. 1?l
oy i ) g
Sxyh 131 g = V) Gy - %) / (= 1), vand
"
PY y
j=p 0
2 T |
h
DI
j=1 Bt

The Vi Xhi, and n, are as explained in formula 1.1, Nh is the total
number»oﬁ fishermen, §h is the -average harvest per fishermen, and ih
is the average net nights fished per fisherman fishing in stratum h.
These latter two values are estimated from samples, |

The use of this formula in the present situation differs from that
given by Cochran (1963:155) because it did not take‘inEO'a;count the
fact that the Yhi values were estimated and not knownf It is apparent
from the formula that the estimated approximate variance was calculated
as zero if all fishermen fishing in a stratum were‘samﬁléd at least
once. It is important to note that the variance about the estimated
Yy was not included. TIf it had been possible to measuré the Yhi

directly instead of estimating it, or if a-sampled fishermen's catch
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could have been sampled sufficiently so that the variance of the Yhi
could have been estimated this'above procedure would have be sufficient.
If the Yhi could have been estimated from two or more samples the varie .-
ance of these estimates could have been included in the variance of the
total estimate. Since this situation did not exist this formula esti-
maﬁes only an unknown portion of the variance of estimate I.

The approximate bias of the ratio estimate was estimated using the

formula (Cochran, 1963:160-163):

1- =
,Nh

1 nh<xh/Nh),

®s% -s ).

1.4 ER®R - R)= nSsh xyh

™M e

h

. The R and 82 2 , and 52
X xh’. X

2 . e
- th, gre-estlmated‘by Rh’ s

which are ex-

yh vh

plained in formula 1.3. The values‘nh,,Nh, and Xh are ‘as explained in
formula 1.1.

This estimate does not measure possible bias resulting from esti-
mation of the‘yhi (formula 1.2) because in most cases only one sample
of a chosen fisherman's catch was taken. Therefpre, this estimation
method does not account for_the.total bias of the estimate -as formula
1.3 did not account for the total variance of ;Rse' Therefdré, it was
assumed that the'yhi were known, not estimated with a possible bias, so
that if all fishetmen were sampled in a given strata the estimated bias
is zero.

This gstimator was -used because it was based on_thé catch per
fisherman and fishermen were the units that were randomly chosen to be

sampled. The estimator therefore accounted for variability in the

fishermen's catch efficiencies and would have -been a good estimate if
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it had been possible to adequately estimate or measure the chosen
fishermen's complete catches. Instead only a very small portion of

each sampled fisherman's catch was measured.
Estimate IT

The second ratio estimator of the total harvest is exactfy‘as

described by Cochran (1963:155) and is computed as

h
. L2 Yhj
. - ji=1
2.1 YRst = T
X,
=1 M
where n, = the ‘total number of raises sampled in stratum h,
L = the total number of strata in a given population,
Y™ the total pounds caught on the jth raised sampled in |
J stratum h, ! ‘
x, .= the total net nights fished to obtain the -catch of the

R jth sampled raise in stratum h, and

%, = the total net nights fished by all fishermen fishing
in stratum h.

This is a conventional ratio estimator using net nights -as the con-
comitant variable. This resulting'estimaté was based on tﬁe»assump—
tion that fishermen trips or raises were the sampled units -instead .of
fishermen so that the estimate accounts for catch efficiency differ-
ences from sample to sample. The ratio of pounds harvested per net
night expended on the samples was expanded by the total number of net
nights fished to obtain the estimated total catch for a given stratum.

The approximate variance of the estimator was estimated as
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a
. "h
o Lt N ) 2 22 2 ¥
2.2 vQpg) = I o (s PRy Sy - 2Ry s
h=1 h - ‘
n
o .2 _ - 2
wherg Soh jz? (yhj- yh) / (nh - 1),
n
2 _ : - 2
Seh jzi (xhj Xh) / (nh 1),
s ) - .
xyh = 551 (xhj = x)(yhj -y)/ (nh - 1), and
"h
) Z hj
h oy
z X .,
=1 M
The th’ th’ and nh are as explained in formu}a 2.1, Nh was the total
aumber of raises fished by all fishermen in stratum h. The»}_(h and §h

are ‘the ‘averdge number of net nights fished and average pounds caught
per raise in stratum h as estimated from samples.
Cochran (1963:163) states that this estimates the approximate

variance of Y Therefore, the variance -of the estimated ratio, R,

Rst’

. 2 . —
is equal to the reciprocal of X, times the variance of Y

: ror- Rai (1968:

88-91) states that the expected value of (ﬁ - R)z, i.e., the mean
square error of ﬁ, which is the variance plus the bias, is.equal to
the reciprocal of the concomittant variable squared times the variance
of the -estimated total. Therefore, the formula for the variance -of

the ratio estimator listed above .estimates the bias plus the variance

according to Raj and the wvariance only according to Cochran.
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The ‘approximate bias was estimated using formula 1.4 where Rh*

~

2 2 . 2 2. ; ; A
th, and Sth}are'est;mated by Rh’ Sh? and sth as defined in formula
2.2 as in Nh' The Xh and n, are explained in formula 2.1.

Estimate III

A simple -expansion estimator (Cochran, 1963:21) based on the
average catch per fisherman trip was ‘also used. This estimator is of

the form:

The Nh and §h are defined in formula 2.2. The total catch for é given
stratum was therefore estimated by estimating the average catch per
fisherman trip from samples and expanding the -estimated mean by the
total number of fishermen trips made By all fishermenvon-that stratum.
Although the estimator did not account for catch efficiency differences
due to length of net or the period the net was fished, it waévvaluable
because of its simplicity and unbiased property.

The variance was estimated using the formula given by Cochran

(1963:23)
A L Ni si 0y
3.2 V(Yse) = 3 h (1 - ﬁ*)
h=1 "h ~h
‘2 nh | -2
where Sh =j§1 (th - Y) / (nh - 1)’

N, and §h are ‘as defined in formula 2.2, and n

h and yhj are -as defined

h

in formula 2.1.



CHAPTER IIY
RESULTS
. Evaluation of Allocation of Samples

One of the major’reasons for not attempting Neyman allocaiion
{Neyman, 1934) Ofbsampleé to the various strata to obtain minimum vari-
ance of the»estimated catch was that the intrastratum variances we:e‘v
not known. ‘No reasonable idea of such values were available. Hoﬁe?er,ji
after_sampling;‘it was pgssible £o estimate these variancgs unbiasgdly--

by calé&lating '

. ‘ - 2
2. Fpi = )
“h 1, -'1 :

h
It was then possible to computé Neyman allocation by the formula given

by Cochran (1963:97)

N. S
n = h - "h
h L
o b
. wheré oo = the number of fishermen trips sampled in stratum h,
Nh = the total number of fishefﬁen trips fished iq stratum h,
Vi = ghe pound5 caught on the itE fishermaﬁ trip in stratum h,
- and |
§h = the mean ﬁoﬁnds-caught per fisherman trip in Straﬁum h..
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iﬁ ordet to appraiSe-theﬁmethOd of ailocatien used;’Neymahhaiid;
hcatiohJWas:caiculated’and Cembareﬁ*hith actuai”alldeatiah;foffall'strata
(TahlekII). Although aetaal'ahdnﬁeyhah@allecation‘difteféd}asemay be
5éx§ected; thefe-was‘a‘positive;cetrelation,hetween the-tﬁo iﬁhail popu-
‘latiOns. Thehnpnparametrie¥SpeatﬁeniRank'Csrrelation Ceefficiehts"
‘tp(Siegel;v1956:2024213)‘are‘]Laké“Téxoﬁa;‘;53;fhakestand; 64 ‘Lake.
f:eEufauia,»§45; LakeiFort Gihsdn; ;79. ThlS correlatlon measure. assumes
only ordlnal data not normallty,,and.vaiues range froﬁ éeié to- unlty.
Although these correlatlon coeff1c1ehts are.not large, they doblndlcate_f_
that the actual allocatlon was ‘a ssable ptoeedure although it d1d not

-approach optimum.
Evaluation of Stratification by Months »

Stratificatibn‘is expeeted to~give-a-more~preeise:estimate~than a
simple randon sample of the same size (Cochran, 1963:98). However,
thisbeeeUrs dniyjif.sﬁeh §ttétifieatiop€resﬁltsin'ah inttastratum mean
sqaare-which,is Smalief~thahathe;ihterstratum'ﬁean_square}' Greatet:pre-
cisioh results becahse'the‘satiancelbet&een strata is? in efteet,
aelimihated{. if the~reVerse-is tfue, iae.,gif the-Within stratﬁh vari- :
-ance—isglarger,than the betweeh.stratam:variahce,_ptecisioh;is'lost:sd

»thatﬁa\Simple~random sampleEWouia;hefbetter.

AR

_‘Estimatioh df Mean Squares

In ‘order to estlmate 1ntrastrata mean squares for the populatlons
by flndlng -a welghted average of the 1nd1v1dual mean squares w1th1n
' each-strata as’glven by”Steel and Tortle (1960:73)? theuassumptlongof

equality of intrastrata;variances{must be .made. Although Bartlett's
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i,vchiﬁsquare'test for»homogeneity_of varIances‘(Bartlett 1937) 1nd1cated )
"that unless‘a one - 1n twenty chance occurred ‘the variances were - unequal
the.method cf'pocllng_mean;sduares:was;used»because;It-isaa'Weighted
daverage»anduis:thevonly:Way:tc‘estInate:therintrastratun’variance._\The
.w1th1n mean squares for each separate stratum (Table III) were - computedvr
accordlng to Cochran (1963: 93) | |

_vThe varianceS'between strata:fcr'each*reservcir‘(Table;III)jWere
.-computedvaccordiné}to‘Gochran:(1963:99e100)t‘;Ihese figureS‘are estimate~ -
7led by_calcuiating,the-variances between;mcnthly'meandcatcn ner'raise

values Within‘the populations.

Reduction of Variance by Stratification

I__VieWedrasdanianalysiSJofiuariance;‘the.breakdewndoftvariance'fer'

v aﬂgiven_nopuIatien‘is: 'Thg7£§:glibetﬁeeﬁ.511'r5i5é5,,beéween,s£f5£a;’
':and.within strataw :It then,fciiowsbtﬁatrthe:resulting interstrata'and o
‘1ntrastrata mean squares could be tested for equallty by use -of " thevF
:'dlstrlbutlon as glven by Steel and Torrle (1960 82 83) g TherefOre;,

F. values were calculated (Table III) and tests for equallty of: varl-'
anceS'Weresmade.

As’determined'by these'F_tests~tﬁe-within.and Betweenfstratum.mean
squares are;unequalﬂunless‘a_cnefingQOO chancelhas-Qccurredeandﬂan un=-
‘f'representatlve samnIe has been chosen.s’Ihevinterstratum variance-nas
'from 15 ‘to- 99 t1mes ‘the 1ntrastratum variance se that from 98. 9bpercent
tdv94.I percent ef theetotalnvariance~uas.removedvby'stratification
:(IablevIII).vtThus, precisicnvwasdgained bYﬂdiViding'the:populations

“into monthly strata.



TABLE IIT

INTRASTRATUM AND INTERSTRATUM MEAN SQUARES AND THE PERCENT

VARTATION REMOVED BY STRATIFICATION

Interstratum Intrastratum .

F Ratio Between Interstratum Percent
‘Population Mean Squares . Mean Squares . Mean Sqqares of Total Mean Square
Lake Texoma 396814.0 456385 86.95 98.86
Lake Eufaula 357253,0‘ 20882.6 17.11 94.48
- Lake Grand 771024.6 45832.6 16.82 94,39
Lake Fort Gibson 62838.5 | 3920.5 16.03 94,i3v

ST
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Evaluation of Measures of Effort

‘Effort was ‘measured as the number of feet of net fished per ‘24
hours and the number of fishing trips made. The latter did not account
for mnet footége fished and time fished.

Although total effort figures wére obtained in much the same way,
that -is by asking the fishermen how much they fished, the accurécy of
the information obtained for the\twb»methods was not equal. vFishermen
kept no récords of the amount of effqrt expended during the month so
that these effort figures were given ffom memory. A‘fisherman may well
remember how many times he went fishing in the preceeding month with
reasonable accuracy. -Accurately remembering the number of feet of net
fished and the period each net was fished was impossible becausg,;?mm
lengths of net were continuously pulled and cleaned, repaired,4of‘£é=
located. Whenever the field biologist was ‘unable to'locate andbintef—
view all fishermen‘fishing in a given stratum, the field persoﬁﬁgl
estimated the effort expended by these fishermen. This situation oc—‘
curred frequently although the majority of total effort figures*wére
given by fishermen. These estimates were facilitated by'knowledge'of
fhe fishermen's gear and the amounts that individual fishermen psualiy‘
fished. Thé field personnel then considered the~weathef during the
preceeding month to determine -the period the nets were fiéhed thus es-
timating the net nights expended by these fishermen. These_estimates
may have been less than accurate. The field biologist, Howevef, could
estimate -quite -accurately the effort in raises by countiﬂg’the days
that weather conditions allowed the fishermen to fish.

Although net nights as -a measure ‘of effort account for variability
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»'due»to;period of fisﬁing‘and-amouﬁt of'géar-fished itfwaé;ﬁot désiraﬁié
v',ﬁeééuée:acéu?ate méésuréﬁent1df't6ta1 ﬁef nights fishe&jWasEnéfrééssi;
‘ 7ble. »Fishermen trips‘or rai§es.were moré'aCCu?atelyfmeaéufed_Becausé.v;

. 6f‘tﬁe7simplicity of the-meésﬁrement'and'therefofevprAQed to be ‘a more

 ya1u5b1e figure¥evén'thoughiperiodvofvfiéhiﬁg,aﬁd émoﬁnt oflgeartweré'

‘unaccounted for -as a source -of variation between catches.
Evaluation,of‘Estimators

1; 15 neéessary to consider~both‘the~a¢cufacyvaﬁd precisioﬁbof'anil :

 :gestimatof i pfdef‘toiaﬁ?raiéevip; “These -two chéfadtériéfics‘éan be
.meééured:b§‘éstimating,thg;biés and v;rianéénof,éachiestimgtor.:.Theli
vtotal:hafvests;’biases,»staﬁdérd,errpfégéaﬁ&.caefficiéﬁgsﬂéffvgffggioné;

: were»tﬁereforencompared (TéBIeS'IV,;V,,and vI).

“oQuestiongaire Census =

:~A<¢eﬁsuslothhercoﬁmerqiai céﬁéh'&as obtéiﬁed ﬁy féquifing fiéhéf_u
;mépvtg-submi;_monthiy égtch»répqrts. Commerciallfishérménﬁdid not;acj_
";curatély‘rgport noﬁsalablé;spéCies;»'Game fish were turned loose -after
'the§ Wefé.piéked from_thé net“anvathef fish thét could gdt be'soidf%
WereldiSposed 6f;’ Fishermen did not reqord Qr accﬁrater rémember'that
‘portioﬁzof thé‘harVést{ | | |
‘fMaﬁy £ishefmén'did.ﬁot'keép é#act rééofdsjof théir catch;_:Théée:ﬁ_
.,wﬁo‘képtféccuféte recordéftOOkfthéir:catcH ﬁe§orts>frbm‘biils:of_s#iéi:A
=While ﬁaﬁy 6ther$fﬁept.éccuréte_aaily'fecofds of‘£heirvcat¢h. ;Mbsg
fishermen,‘héwéver;irepértedywhat ﬁhey femembefgd}so tﬁattsho:tx?epof£;
ing'intérvals;iﬁcréasedLgtégrécyadfgfépbrtéa.figufeéim3ﬁééklwaépéftéyi.

-therefore;;woﬁldjhave*yigldéd mdre~acéuratchatch f;gu?eSEthan the‘”‘
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:E'monthly reports d1d lt was. ev1dent that 1f reportlng dates werei'
'ffurther apart, say one ‘year om four months the flshermen 5 ablllty to

"remember‘thelr catches correctly would have been reduced so- that theg
’accuracy of\the questlonnalre census would have been reduced » It~wasw'
:~also found that occa31onal sanpllng of the catch served as‘a check

-against gross errors‘thus improving'the;accuracy.of the‘reported‘“i.'

ingures;
‘Estimate I

_The;accuracy’of estimatevl.vas'analyzed_by.conputing-the~estlmatedv’
. approximateibias (formula 1;4) and bvdcomparingfit‘with_other-estimates
“;dnd the questlonnalre ‘census. N |
‘ Although b1ases were estlmated (Tables IV and V),laddltlonal b1as .
. -existed because the yhi.s.were'estlmated And thls blas could not be
festimated‘and included:with theifirstfbias because-of insufficient‘
b.samblestasdexplained’previouslyr’ By~egcluding thgiiatter?unestimated
bias,'thewtotal bias‘of'estlmatedl‘for7allvpopulatlonsuWas;O.OB'ﬁounds,].:
Separate»strata values rangedherm1;0;OQG75to 0;0344 poundslbbThiS'is
anlextremely'small_value;as COmpared'tovthe-total catchgestimate;of.v
2,345,696 poundsr'

”The-ratlo estimate»is:unbiased2lt'E(y/x)‘%ib'xf@heréib;isﬁthe
;slope?of the»regression,of yfand >4 (COChran,\l963:l6l)_ In th1s appll-
'catlon the regress1on of net n1ghts flshed and pounds caught is-a ,v
:.stralght line through the'orlgln, »Thls,glvesranuunblased ratrovestij
mate of R.. o B | | |
| oThlsvestimate;:therefore, is'not:biased»asia_resulthof‘a:biased

estimate of R. Fishermen kept no'recordS,of_totalmenthly\effortjas_'
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“.hnet nlghts eXpended 50 that the Xh Were 1naccurate1y guessed‘at bybthe
'flshermen Wthh blased the estimate of the tota1 catch ThlS may be
:ij~corroborated by comparlugbestlmate I w1th estlmateVIIi amd\the quest—
Jlohnalre censuS' ~The total harvest estlmated by estlmate I is: tw1ce the
»magnltude of the other tWO so that the flshermen probably tended to
h.”over estlmate thetotal monthly net nlghts they flShed ThlS occurred
',probably because flshermen dld not account for ‘net. sectdons that ‘were
hbelng repalred or c1eaned and’ not flshed for 1nterva1s ofbseverai days,
;Instead they reported the total 1ength of gear they could have operated
';jlf a11 gear had been fished: contlnuously ' »
| KTheyprecisiOn ofuanhestdmatefis-meaSured~hyvthefvariahce; ITheﬂap-vv
"prox1mate yarlance of estlmate I was‘therefore estlmated by formula
’ffsl 3 (Table IV) ;Theccombrned stahdard error of_estimate}Iffor~the,
’:four populatlons.ds 468,91%kpounds and the coeffdclent of Varlatlon 1s,»3

120 percent;; It .';mportant,tothote*that“thls_estlmated‘yarlance does

thhﬁotainciﬁdedfhé \ariaﬁcepot;thefestdmatedvyhifas exﬁiainédiiﬁ_théf'
‘Vmethcds sectdon; |
The mean square error 1s the crlterlon for comparlng estlmates‘andlb
s deflned as the varlance plus the - squared blas (Cochran, 1963 15 16)
.Becausecthe~estimatedjbdas‘ValueStarefextremely‘small, the,variance-is =
'esseuttaily edualyto thevmeahssquareferror;in7this'situatdon.,’
The blas was estlmated accordrng to formula b 1 where the compon-;f
;ehts are;asidescribed‘ihvformulajztzc Unllke estlmator I‘ a11.b1as;1ny_5'
:.ﬁhénestimatoriwas accouutedgforiin’this’estimate,h_IhefreSu1ES'bf‘theh

'calculations.Were‘extremeiy\smallyl‘Bias values ranged from ~0.001 to
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TOTAL HARVEST, STANDARD ERROR, COEFFICIENT OF VARIATION,. AND
BIAS AS ESTIMATED BY ESTIMATOR I

Point Estimated -Estimated
Estimate Bias Standard Error  Coefficient
Lake - in Pounds in Pounds in Pounds of Variation
Texoma 1,687,418 -0.0137 375,602 22.3
Eufaula 347,000 0.0452 80,426 23.2
Grand 216,253 -0.0452 4,323 2.0
Fort Gibson. 95,025 0.0008 8,566 9.0
Total 2,345,696 0.0303 - 468,917 20,0
TABLE V
TOTAL HARVEST, STANDARD ERROR, COEFFICIENT OF VARIATION-;, AND
BIAS AS ESTIMATED BY ESTIMATOR II-
Point Estimated Estimated
Estimate Bias Standard Error Coefficient
Lake in Pounds in Pounds in Pounds of Variation
Texoma 1,304,405 0.0030 202,614 15.5
Eufaulsg 336,379 0.0052 39,528 11.8
Grand- 207,217 -0.0005 17,874 8.6
Fort Gibson 86,689 0.0026 9,696 11.2
Total 1,934,690 0.0103 269,712 13.9
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0.002 pounds for individual strata. The total bias for'all’popﬁiations
was 0.0l pounds as compared to the total estimate of 1,934;690 pounds.
The estimate of R was therefore unbiased in this situation.

This estimate, as estimate I, doés not agree with the questions
naife census or estimate II so that the eétimated total may not‘be ac-
curate, As in estimaté I, this was probably Ehe‘resuit éf inaccurate
total expended effort information, as net nights. fished, taken from
fishermen interviews. bThereforeg although R was estimated without bias,

the inaccurate X resulted in an inaccurate total estimate.

h . .

The variance of estimate II was estimated by formula 2.2.  These
»esﬁiméted variances (Table IV), unlike the estimated variances of
method I, account for the total variance of the estimator. The ‘total
standard efror for the combined popﬁiations‘was'estimated to be
-269,712 pounds so that the coefficient of variation of the esﬁimated
total by estimate II is 13.9 perCenﬁ. Because the bias is negligible,
the méan éqﬁafe error ‘is thereforebequal to tﬁe’varianceias for

estimate I.

Estimate 111

The questionnaire census and the simple expansion estimate of thé
total catch agree closely (Table VI). The questionnaire census is
100;000 pounds lower, which may be a result of a partial—lack of
reporting of nonsalable spécies, Estimate III is believéd to be the
most accurate Eecause it agrees closely with the questionnaire census,
it is~unbiésed by nature, and the total effort information Iincorporated
in i€;<i.e.; total fiéhermen trips, is bélieved to have been accurately

.. measured.
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TOTAL HARVEST, STANDARD ERROR, AND COEFFICIENT OF VARIATION BY
ESTIMATE III AND TOTAL HARVEST BY THE-
QUESTIONNAIRE CENSUS

Estimate III

Estimate III

Estimate III

Point Standard Coefficient’ .
Estimate in Error im of ' Questionnaire

Lake Pounds Pounds Variation Census
Texoma 834,915 203,907 24,4 602,355
Eufaula ©141,258 5,845 4.1 173,484
Grand 94,895 25,319 26.7 172,504
Fort Gibson 55,468 5,338 - 9.6 64,003
Tetal 1,126,536 240,409 21.3 1,012,355
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The precision of estimator III was estimated by formula 3.2, This
estimated variance (Table VI) is ‘large -as compared to the .estimated
total so that the resulting coefficient of variation is 21.3 percent
for the combined populations. 'This estimate was then the least precise
of the three statistical estimates. The ‘resulting mean square error as
estimated from the data is equal to the variance due to the unbiased

nature of the estimator.

Comparison of Estimators

As described above, estimates I and II were biased not Because of

biased estimates of R (this bias was negligible), but because the Xh
were -inaccurately reported. These -estimates are therefore unacceptable
unless the investigator can be sure of ‘accurately obtaining total effort
values. If total effort values .are known, then estimates I and II are
-good methodS'because-in thisbsituation‘ﬁ is unbiased for all practical
purposes and the:éstimators are precise -as shown by their small coef-
ficients of variation which were lowest of all estimates used.

The variance.of estimate I was greater than the variance of esti-
mate II as shown by the standard errors (Tables IV.and V). This -may
have occurred because the variation of the fishermen's total catches,
as estimated from one sample, was greater than the variation of the
catch between fishermen trips.

Estimate I, which accounted for differences in fishermen:catch
efficiency, length of net fished, and period net was fished, was not
satisfactory in this study. Because of inaccurately reported total ef-

fort figures and insufficient sampling, which resulted in an unesti-

mated monthly harvest of individual fishermen, this estimater is not
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‘ applicable; This procedure could be useful where sufficient sampling
and correct measuremeﬁt of total expended effort is possible.

Although estimate II has the smallest mean square error it was
biased because of inaccurate measurement of the'total effort as in
estimate I. Estimates of bias de not account for this source of efror,
this value is assumed known, so that this inaccuracy was not incorpo-
rated in the -mean square error term. This estimator is useful when
the Xh can be measured accurately because ‘it does ‘account for differ-
enceS'betweeﬁ fishermen trips, feet of net fished, and length of time
‘nets were fished.

While estimators I and II were invalid in this:study, it is felt
that estimator II is a potentially useful tool in estimating the total
harvest. Its effectiveness, and hence usefulness;‘dependé uﬁon_accue
rate records of total net nights fished. Records of each trip, such as
length of net and time fished to the nearest hour for each net, would
validate -estimator II if gained from each commercial fisherman. There
is very little hope for wvalidating estimator I, since -it is not prac-
tical to observe each trip made by each fisherman in the sample for
-'an entire month.

The simple expansion estimate (estimate II1) was the best esti-
mate of the total annual harvest not because of the.preciSion of the
‘estimate, but because the expansion term (fishermen trips) was accur-
ately measured. The estimate was the least precise of the estimates
used. This resulted in a large coefficient of variaﬁion, However,
because of the unbiasness of the estimator ‘and the possibility of ac-
curately obtaining total effort information, this estimator is best

. , ' |
in situations as existed during the study.
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Estimate II1 and the. questionnaire census compare closely (Table
VI). The estimated total catch by estimate IIL of salable species
(1,018,147 pounds) was 61,437 pounds more than the total by the ques-
tionnaire census of salable species (956,672 pounds). .This discrepancy
is nop meaningful when compared to the standard error of estimate III.
It is probably, in part, the fesult ofvsmall errors in the reporting of
salable‘species by the fisherﬁen. If the-unsalable»épecies-are included
in the -estimate, the»differenge, in total harvest between the two meth-
ods is 1149001 pounds which is almost double the‘above‘figure indicating
that the questionnaire census method is less accurate if nomsalable
species are includédb

The comﬁercial fisheries catch in Oklahoma, as determined from
fishermen reports, has increased'since‘1958 although the number of
fishermen has remained relatively constant. It is probable that in-
creasing personal contact by the Oklahoma Departﬁent of Wildlife Conser-
vation personnel has resulted.in greater accuracy -in these reports.

The accuracy of the questionnaire census may have -been improved
during the study by continual personal contact with the fishermen.
Sampling the catch served as a check against gross errors. The accuracy
Wa§>éiso improved by short reporting intervals because the majority of
fishermen did not keep records .of daily catches and catch reports were
made from memory.

These findings indicate that the questionnaire census method, as
used by Jones (1961), Elkin (1959), Houser (1957), Renaker and Carter
(1957), Carter (1961), Lambou (1965), Bryan and White (195?) and other

workers for estimating inland commercial harvest, may. be inaccurate.



36

This method is most accurate if reporting intervals are short, intense
personal contact and occasional sampling of the catch is made, and the

estimate includes only salable, species.



CHAPTER IV
DESCRIPTEON OF THE FISHERY

| Oklahoma's commercial fishery consisted of approximately 80 fisher-
men who fished singly or in pairs from small boats using gill and tram-
mel nets. The nets were set and fished continuously throughout the
season and were removed only when necessary for}repairs or cleaning, or

when shifted to other areas.
Oklahoma Commercial Fishing Laws

By{statue, nets must be three inch bar'mesh or larger, ﬁuSt be
located four feet below the water's surface, and must be-étileést 100
yards from the bank. Nets ﬁust be ‘removed each Friday and kept out
until Monday from June 1, to September 7, so that no ﬁets can be in the
water through the weekend. This resulté in a four day fishing week in
the summer. In addition, the spring season on some lakes has been
closed to commercial fishing by the Oklahoma Legislature. 1In l§65; all
lakes except Texoma were closed to commercial fishing from March 21
through May 21. In the spring of 1968, Grand Lake was closed duriﬁg

April.
Species Composition
Buffalo spp., flathead catfish, carp, freshwater drum; river

carpsucker, and gar spp. are the major commercial species landed in
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: ‘--:Oklahoma. g v"j.?h'eb«spec‘ies""éomposfrtion’»(Tab;ie VII)was obt‘a'in‘éd.' ‘by??le.s;t‘mat-,

'cfilng the pounds caught of each specles bw the 31mp1e expansron4est1mate’

;based on average catch per ralse.(Estrmate III) and flndlng the’percent‘h

vof the total that each specles contr1buted to" the catch F1shermen on.
the eastern reserv01rs (Eufaula Grand; and Fort Glbson) depended uponv‘
x‘flathead catflsh much more than‘flshermen on. Lake Texoma' The Lake
VVTexoma catch was 65 3. percent buffalo andvcarp,‘carpsucker,»and gar 1:h
& comprlsed 30 6 percent of the catch | Catch composrtlons on Lakes Grandr
b'and Fort G1bson were 31m11ar Salable spec1es 1anded on* these 1akes 1nf
z'iordervotllmportance Were buffalo, carp, flathead catflsh,‘and:paddle-

- :flsh 5 Lakevwdfaula Wasﬁunlquesln'that the 1argest‘srngle»contrlbutron‘ =
’,to the catch was flathead catflsh rather than buffalo,i LakestufanIa »:m;h

' fiand Fort G1bson were srmllar 1n thatrchannel catflsh,_a game specles

/Lwhlch had to be released made upda"slgnrflcant-percentage of the,
ﬁpt'catch Of th1s, 3 6 percent 1s channel CatflSh (Table VII)
{ Buffalo and flathead catflsh contrlbuted most towards the - flsher—
';‘men'svlncome.wrth~other“specles belng'ofrsecondaryf1mportance.ﬂ;A1§;:
vthouéh a 1arge portlon of the harvestvwas carp;bthls‘specles contr1b-
uted Very llttle to the 1ncome of the flshermen becausevof 1ts‘low |

market‘yalue.;—-
"rNumbersQofbcommercialfFishermenl‘k »

Commerclal flshermen 1n Oklahoma are requlred to purchase a yearly
ﬁlllcense wh1ch cost $50 00 in- 1967 and 1968 On the appllcatlon for the
'11cense the flsherman was requlred to state a preference for the 1ake

S or 1akes he des1red to f1sh In 1967 there were 82 flshermen flshlng

v"13f1akes.} In 1968 these flgures were 82 and elght reSpectlvely :



| PERCENT SPECIES COMPOSITION OF THE CATCH =

TABLE VIL
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Take

Laket'

nfirL?kéﬂ:

B qué'

Species .

‘Buffalo spp.

Flathead catfish

._Cérp.'

Drum

River carpsucker

 ‘Gar‘Spp;**
Péddiéfiéhv
 ?‘Whit§EaSs;

,\Sha&%% o

'Blue‘catfish*‘

Channel{Catfish# :

Crappie spp.*

" Others’
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io

15.6
1.4

5.

‘1,'IotaiA
.9

;4. 

4

Texoma =

2.4
17.9
08

6.9

s

210.2k"

0.2
o

S 0.3

36.8
i
159
' >5.3 o
o4
5.4
_12;6H

+0.0.

5.7
0.5 -

0.3

Grand: -~ Eufaula
s
0.8
:'3.7,
0.9
o6

4.0

40,0

; 14!9“

~ Gibson
. 38.3

- 13.9

16.1
2.5

2.6

E 2{91

4l

0.7

£0.0

18.1

0.5

0.3

ot

sk

f%dfojiéss tﬁan O;OS.per¢éﬁtT

it Ndné

“:Game  Spécies: -

UﬁmarketéblejSpecies '
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About half of the fishermen fished on Lake Texoma (Table VIII). Lakes

Grand, Eufaula, and Fort Gibson accounted for - 33 percent.
Fishing Effort

Fisﬁermen fished nine million net nights on Lake Texoma which was

the greatest amount of effort expended on any one lake (Table IX).
Lake Eufaula fishermen expended five million net nights followed by
those on Lake Grand who fished two million net nights and Lake Fort
Gibson fishermen with one-million‘nét nights, . On a seasonal basis,
most of fhe effort was expended in the fall and spring quarters.

Both gill and trammel nets were used in these fisheries but the
proportion differed markedly from lake to lake (Table IX). Trammel
nets We?e most frequently used on Lake -Eufaula, which was also the  lake
with the most intensive flathead catfish fisheryxalfhough increaséd . "
harvest of flatheéd catfish is not necessarily a resuitvof the ‘use of
trammel nets. Most of the fishiﬁg:was done with néts from three to
three and one -half inchbar -mesh. On Lakes Grand and Fort Gibson, fish-
ermen used larger mesh in the spring to catch paddlefish which was im-
portant on those lakes. .On Lake Eufaula, fOuffinch mesh was the usual

size but five. inch mesh was not uncommon.
Catch Rates

Fishermen harvested 193 pounds per fishing trip or 4.42 pounds
per net night (Table X). The averages over all lakes were- obtained- by
weighing the average for each lake by the pounds harvested on that ~

-lake.
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TABLE VIII

NUMBRER OF ACTIVE -COMMERCIAL FISHERMEN BY LAKE AND MONTH

Lake

Lake - Lake Fort- ... Lake .
Mpnth Year Texoma Grand Gibson _ Eufaulaz
July 1967 17 4 ' 3 6
August - " 16 4 3 , 9
September ’ " 19 5‘ 3 11
October — " 17 5 3 11
November . "o 21 ; 5 3 o - 10
December " » 22 5 -4 10
Januvary 1968 o ‘22 v .4- 3 10
February " 27! A 4 10
March " 30 4 4 ‘ 10
April = | " 29 - 3 10
May " 28 3. 4 13

June " 24 . 4 L 12




'TABLE IX .

 ':PERCENT OF'FISHING>EFFORTvEXPENDEDvWITH’VARIOUS GEAR

S SR . T o Pye'rvcent : Pefcen_t ‘ L
Percent of Effort by Mesh Size in Inches _ __ Gill = Trammel - Total Net -
3,25 . -3,50 - 4.00 4,5 5,0 5.5» 6.0 = Net “ Net - Nights Fished

Lake. .  3.00

Fufaula 24,6  11.5  25.5 *127,3.> 6.1 v, 5A3s_~‘o;3¥_' Lem 5702 " "42,7 5,222,484
Fort Gibson  63.8 2.9 21.6 - 9.5 === 2,0 ~=- === 69,1 - 30.8 976,698 -
' Grand ©053.8 4,70 2707 == 910 307 -e= 0.7 95.2 472,378,622

Texoma 244 9.0  50.0. 4.1 2.0 9.5 -— 0.5 98.7 1.2 9,129,300




TABLE X

ANNUAL HARVEST RATES
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Average Catch

Average .Catch Per 24 Hours

Lake Per Raise‘ Per 100 Feet of Net- .
Eufaula. 96 pounds 3.57 poﬁnds
Gibson 157 pounds 2.14 pounds

Grand 225 pounds 3.14 pounds
Texoma 208 pounds 5;03.§ounds-
Weighted Average.

193 pounds

4.42 pounds'
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Catch rates ‘varied drastlcally from month to month (Table XI)
"Catch rates were h1ghest in the ‘spring, moderate in the fall,‘and low
1n'thevsummer.and;wlntert Catch rates;on-Lake‘Eufaulafwere‘verv lowﬂ»f
,throughout'the’vear but-they»did;follow the-same seaSonal~trend as the
otherklakes. Catch per 24 hours per lOO feet of net ranged from 1. 7
pounds durlng August on Lake Eufaula to 8 7 pounds durlng June on Lake
7vTexomar Harvest per raise - ranged from 23‘9 pounds. per ralse on Lake

Eufaula during July to 643.3 poundsuper ra;se‘on Lake‘Grand durlngh

’_»March;

Average‘SizegofvFish;Caught:'

Thelaveragevlengthsfinvtenthsiof inches and weights fn tenths’of'
?}:pounds;of thefvarious‘specfes}werehcomputediseparatelyifor1each lakev'
'for?eachQQuarter to compare'seasonaljtrendsfinisiaesfcaptured;1;Nou
‘easonal trends were found : . |

Mean length of buffalo captured ranged from 18 to 22 1nches and :
‘i3 3 to 7 b pounds. The larger flsh (20 to 22 1nches in average length)
were,from‘Lake Texoma.» Buffalo ‘mean - lengths were . 19 1nches on’ other
vlakes. Theflarger;sze;flatheadvcatflsh (24cto?26‘1nches)“were capturf
ed in-Lakes Texoma 'agdmfama. ‘Flathead catfish _-ffémlrak':éé _(.}rand:<and
'Fort Glbson had- mean lengthsfof;from 22’toc23.inches. Average welghts
B ranged from 31x tofl7 pOunds;; Blue catflsh in: Lake Texoma ranged from _
.25 to. 29 inches’ln average length The averagevwelghts ranged from 6. 8‘
Vto»l4?9 pounds. Gar ranged from 28 to 42 1nches and from three to 15

N pounds in‘average size. Paddleflsh ranged between 46 to 59 1nches in

average length and from: 14 to 29 pounds 1n average welght. The overall



TABLE XI

MONTHEY - CATCH RATES BY LAKES

Lake Eﬁfaﬁla~”n | 'bLake Gibéon Lake Grand . . ‘Lake Texomé
Pounds - Pounds " Pounds - Pounds
Pounds Caught- Pounds Caught . Pounds - Caught Pounds . Caught
Caught .  Per Net Caught.© Per Net Caught Per Net Caught Per Net
- Month Per Raise ., Night Per Raise Night Per Raise Night - - Per Raise Night
July 23,9 1.1 144.7 3.1 145.6 42 84.0 2.7
August ~ 38.5 0.7 115.9 3.5 179.7 3.7 66.1 2.1
September. 57.8 0.8 146.3 ,v 2.5 190.1 3.5 170.8 5.0
0ctoﬁef-  202.9 2.6 145.6 s S o142.1 0 3.1 98.4 4.0
November 119.5 2.1 90.1 1.9 111.6 1.9 208.6 6.3
December . 55.1 1.2 174.6 1.4 152.4 2.0 157.8 2.8
' January 42.6 1.2 76.4 2.1 204.5 1.0 —— ———
February = 122.0 2.2 ~ 160.0 3.6 137.8 4.8 238.3 2.5
March 116wl 2.1, 245.1 . 1.9 643.3 3.2 447 .2 7.0
April , 165.9 2.8 222.0 4.3 — - 333.9 6.9
May 115.1 . 5.1 179.3 6.6 461.9 7.7 284.7 7.3
Cgune 82.2 3.5 210.0 4.2 108.2 4.1 192.3 . 8.7

oY
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" average size was 56 inches and 26 pounds. White bass were -smallest
(13.2 inches and 0.8 pounds average) in Lake Téxoma, The sizes on
Lakes Grand énd'Fort Gibson (15.0 and 15.6 inches and 2.2 and 2.1
pounds) were very similar. Average size of channel catfish was slight-
ly ‘greater on Lake Eufaula than in the other lakes (mean length 23.8

inches; mean weight 6.6 pounds).
Yield Per ‘Acre

Total annudl commercial harvest was expressed in terms of pounds
per acre (Table XII){ Lake Texoma, which had 59 pefcent of the fisher—
men surveyed, had an annual yield of 8.96 péunds per -acre as estimated
by the simple expansion estimate (estimate III). Lake Texoma is :also
possibly more productive because of a -larger growing season due  to its
more-southeriy location. On the average, Oklaﬁoma waters may be said
to yield 5.4 pounds per acre of commercial fish, but consideration
must be given to the location of the lake in question if the figures
are to be used specifically. The eastern Oklahoma lakes yielded ap-
proximately three pounds per acre while Texoma yieldéd approximately
nine pounds per acre during the period of this study.

Jenkins (1967) reported that the‘standiﬁg crops of fishes, other
than clupeigg, on Lakes Grand, Fort Gibson, and Texomaﬂwere‘236, 124,
and 145 pouﬁds per ‘acre respectively. The commercial harvest on those
lakes, as found by'thé simple -expansion estimate, was 2, 3, and 9
pounds per acre respectively so that at most only approximately six
percent of the standing,crop (excluding clupeids) was harvested com~

mercially.



TABLE XII

COMMERCIAL HARVEST IN POUNDS PER ACRE
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Questionnaire

Lake Estimate .I11 Census
Eufaula 2.93 | 3.61:
Fort Gibson 2,90 3.35.
Grand 2.04 3.71.
Texoma .8.96 8.99
Average: 5.44 6.03.
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Total Harvest

Thé ﬁotal commercial harvest . and corréspondiﬁgjstandard error -on
the Oklahoma lakes studied (Texoma, Grand, Fort Gibsqn, and Eufaula)
from July 1967 to July 1968 wés estimated térbe'1,126,5361240,409
pounds by estimate III, the-simple'expansion estimatéd This figure
agreed closely with the questionnaire census value~offl;012,355 pounds
-and with the ratio estimate II (ﬁhich emphasized,diffefeﬁées between
gsamples rather than fishermen) of’1,934,690i269;712 pounds.  Of tHe
total Oklahoma harvest 83.7 percent'Was taken from the lakes sampled és
determined from.a~1966 questionnaire census. - After expanding on this
basis, the total Oklahoma harvest for the project year was 1,345,921
pounds by the simple expansion estimate.

The ‘monthly distribution of the total catéh was.estimated by eéti-
mate IIIvfor all lakes combined (Table XIII). The peak harvest -period
occurred during the spring (March through May) although Fébfuary:and
June were -also important months. There was .a .lesser .peak from
September fhrough November»° Harwvest in mid-summer-and midéﬁinter'was
very low. The spring fishing season (February, March,'April, May and\
June) accounted for 67 percent of'fhe catch and the fall ééason
(September, October, and November) accountédafor 22 percent bf the

-catch.
Discussgion

The freshwater commercial fishery in most other states in mid-
America differs from that in Oklahoma in two ways. The first is the

wider range of gear used.and the -second is the extensive use of river
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TABLE XIII-

MONTHLY DISTRIBUTION OF COMMERCIAL HARVEST-
AS ESTIMATED BY ESTIMATE IIL

Estimated Harvest , Percent of;Tbtal “
Date: i in Pounds _ E§timated.Haryest
Tuly, 1967 25,035 - 2.2
August, 1967 o 31,568 o Y
September, 1967 | 93,508 : 8.3
October, 1967 | 73,093 - ‘ 6.5
November, 1967 ‘ 81,060 | 752
December; 1967 o . 52,581 B . '.‘_ 4.7
January, 1968 | 11,203 1.0
February, 1968 | '_ 90,833 o s
March, 1968 | . 167,385 - 1409
April, 1968 203;329 O 18.9
May, 1968 | 212,562 18.9

June, 1968 84,432 7
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fisheries in other states. Rivers which are intensively fished com-
mercially include the Mississippi, Arkansas, Missouri, Atchidfalaya,
Ohio, and‘Tennessee Rivers (Lyles, 1968).

Renaker and Carter (1967) reported that in Kentucky such divegse
gear as'hooé, wing, trammel, and gill nets} drag ‘and bait lines, seines,
cast nets, shad dippers, and even red and‘reel afe used. Basket traps
are utilized in the Illinois portion of the Mississippi River (Starrett
and Barnickol, 1955) and haul seines in the Iowa section (Carlander,
1954). Louisiana allows seines and hoop nets of one inch bar mesh to
be ﬁsed in the commercial fishery (Lambou, 1965). Both North Dakota
(Hill, 1968) and South Dakota (Sullivan and Warnick, 1968) have hoop
net fisheries. These differences in geaf‘must'be kept in mind when com-
paring Oklahoma's commercial fisheries with those of gther-stateé°

Even where a gill and trammel net fishérj5is operating, coﬁ%arié‘g
sons aré difficult because of the‘differences in mesh size. Byrd
(1956) reported that tidal streams in Alabama w;re;fiéhed With'tramme1
nets with 1-1/2 and 1-5/8 inch bar mesh. North Dakota (Hiil, 1968)
laws are -even morefrestrictive than Oklahoma laWS’és.the minimum .bar
mesh éize»is three and one fourth inches. Of the studies reviewed
from the literature only Lambou (1965), on the Atchafalaya Basin Flood-
way in Louisiana, reported gear ‘types and mesh sizes siﬁilar'to those
used in Oklahoma.

" Oklahoma ranks low in total harvest as compared to other -states
in the Mississippi River drainage fisheries. .Lyles (1968) reported the
1966 Wi3consin'catch as 12 million_pounds, tﬁe Illinois and Arkansas
catch as 5 million pounds eagh, and the Louisiana and Tennessee harvest

as being ‘4 million pounds each. The 1967-68 Oklahoma catch of 1.1

<
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million pounds compared closely with the 1966 Texas harvest of 103.miléﬁx
lion pounds (Lyles, 1968). In 1966, Oklahoma ranked thirteenth in com-
mercial landings of the-25 states in the Mississippi River Drainage.

In Oklahoma 5.4 pounds periacrevweré harvested; this was slightly
below the average weighted mean from 46 reservoirs of 7.0 pounds'pér
acre given by Jenkins (1967). It was far below the 21.7 pounds per
surface‘acre-reported by Bryaniand White (1959) for T. Vf A, iakes in
Alabama. Lambou (1965) reported 12.2 pounds per.surf;cé»acre on the
Atchafalaya Basin of Louisiana while 19.2 pounds pér“édrféée-acre was
reported as harvested on the MoBile'Delta (Spencer, Swingleﬁiand Scott,
1966}, The Oklahoma figure was larger than the 1.4 pounds per acre
reported for -Oahe ReservéirWin Souih Dakota (Suilivan,and Warnick,
1968). |

4

Average catch rates were. 4.4 pounds pér'24.houi§ per 100 feet of
net and 193 pounds per fishermen trip on éheviakes studied in'dklahomé,
These catch rates are 1arger thén the36i pounds per fishermen'trip‘re~
ported for Oklahoma in 1957.by Eikip (1959) and the 56‘pounds p;r |
fighermen irip reportéd;for Oahé Reservoir in Sduth Qéiota (Sﬁllivan
and Warnick, 1968)° »Duringvthe,projéct year, buffaio, flatﬂead cat=' ",
fish, and carp accounted for éhéibuik ofvthe-commerciaiiéatch‘in
Oklahoma. ZLyles (1968) reported simiiar cétch compositions in other
Mississippi River drainage fisheries. The»Kéntﬁcky harveSt'is'made up
of catfish,'gizzard shad, buffalo, and éarpﬁih order of imporﬁance'
(Renaker and Carter, 1967),- Buffalo; carp, and catfish also comprise
the.bulk of the mainstream fishery on the Mississippi River (Barnickol
aﬁd Starrett, 1951). ‘In Soutﬁ Dakota, Sullivan and Warnick (1968)

found that bufféig,'carp, and goldeye comprise the bulk of the catch,
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In Louisiana the major commercial species are catfish, buffalo, and
drum (Lambou, 1965). Most of the states in the Mississippi drainage
allow the commercial harvest of catfish other than flathead catfish
while Oklahoma allows only flathead catfish to be harvested :: .
commercially;

Tarzwell and Bryan (1944) reported that an extensive snagline
paddlefish fishery existed on the lower Tennessee River with 740,000
pounds harvested between November 1942 and September 1943. Bryan and
Wnite (1959) found that paddlefish comprise approximately. five percent
of the catgh in T. V. A, lakes. Ten percent of the catch on some lakes
in North Dakota is paddlefish (Hill, 1968). In Oklahoma, paddlefish
comprise 1.4 percent of the total catch, but are seasonally important
on Grand Lake composing as much as 42 pefcent of the monthly catch in
the spring and 12 percent of the annual catch.

Only four percent of the total annualvharvest on tﬁe»study 1akés,
as estimated‘by estimate IiI, was gamefish. Of this: 3.6 percent was
. channel catfish, 0.1 percent was blue-catfish, and 0.3 percent was
crappie. White and Jaco (1961) reported that 0.5 percent of the com-
mercial catch on Guntersville Lake was gamefish and White (1956) found
that 1.2 percent of the commercial catch on T. V. A. lakes was gamefish.
If channel catfish were a commefcial species in Oklahoma as in other
states such as Alabama, Kentucky, and Louisiana, only 0.3 percent of
the catch would have been gamefish.

The average‘wéighﬁs of.commercial species in Oklahoma were larger
than those reported elsewheré, -During the project year the average
weight of buffalo harvested from Oklahoma reservoirs-studied was 5.3

pounds. The average weights of these fish harvestedvfrom T. V. A.
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lakes was 3.9 pounds (White, 1956) and from the Mississippi River was
1.7 pounds (Barnickol and Starrett, 1951). Byrd (1956) reported the
-average weight of buffalo harvested from the tidal streams of Alabama
was 8.9 pounds. The average weight of carp taken from the reservoirs
studied was five pounds which is larger than the 2.6 pound fish caught
in the Mississippi River fishery (Barnickol and Starrett, 1951) and the
4.5 pound fish landed from T. V. A. lakes in Alabama (White, 1956).
Barnickol and Starrett (1951) reported that the averagé weight of flat-
head in the Mississippi River fishery was 3.1 pounds and White (1956)
reported that the average weight of catfish of all species taken from
the T. V. A. lakes to be 3.8 pounds as compared to.the 7.5 pound
average weight of flathead catfish caught in Oklahoma during this study.
Paddlefish alsé followed this trend. The average weight of paddlefish
hérvested on the study lakes was 26.4 pounds as compared to the T. V. A.
lakes where the average weight harvested was 10.0 pounds (White, 1956}).
There were 80 fisherﬁen_duriné’the project year in the total -
Oklahoma fishery, many who were part-time fishermen. - Bryan and White
(1959) reported that on T. V. A. lakes in Alabama.there were 372 licen-
sed commercial fishermen. Seventy percent of the licensed individuals
depended on commercial fishing for 50 to 100 percent of their income
and 169 of the 70 percent depended entirely on the commercial fishing
industry. Lambou (1965) reported that in the Atchafalaya Basin fishery
in Louisiana 602 persons were involved in the fishing operation; 419
of these were licensed commercial fishermen.  Of these, 220 depended on
commercial fishing as a main source of income, He - found that'2?128

persons depended on that fishery as a source of income to a greater or



commercial fishermen in Kentucky. in 1965, and Carlander (1954) reported
5,807 fishermen working the upper Mississippi Ri%efvin 1949,  The num-~
ber of Oklahoma commercial fishermen was quite small when compared to
the number of fishermen in other states in the Mississippi River
Drainage.

In Oklahoma approxiﬁately;lB,?OO pounds were landed per commercial
license during the project year. On T. V. A. lakes. in Alabama 10,515
pounds were landed per commercial license (Bryan and White, 1959). The
Atchafalaya Basin Floodway fishery in Louisiana produced 10,378 pounds
of fish per commevcial license (Lambou, 1965). In Kentucky during
1965, 588 pounds were landed per commercial fishing license (Renaker
and Carter, 1967). Therefore, in Oklahoma,beven though the number of
fishermen and the tétal landings~are_small, more fish were harvested per

individual fisherman than in the other states studied.



CHAPTER V

SUMMARY

El

In order to appraise the present procedures used to estimate har-
vest and to describe the Oklahoma inland cOmmércial fishery, 'the com-
mercial harvest on four Oklahoma reservoirs was sampled and estimates
of the total catch and othér parameters were made. The major findings
are as follows:

1. Buffalo spp., flathead catfish, and carp comprise 82 percent
of théAOklahoma commercial landings.

2. Current QOklahoma laws restrict gear to gill and.trammel nets
of three inch mésh or larger and fishing to reservoirs.

3. The fishery is small with 80 full and part-time fishermen
landing approximately one million pounds annually.,

4. -Oklahoma fishermen catéh, on the average, 193 .pounds per trip
or 4.42 pounds per 24 hours per 100 feet of net fished.

5. Commercial fishermen harvested 5.4 pounds per acre or 6 per-
cenﬁ of the estimated standing crop excluding clupeids in the reser-
voirs studied.

6. The average sizes of individual fish caught are larger than in
many other states in the Mississippi River drainage.

7. Gamefish comprise a very small portion of the Oklahoma commer-
cial catch. This figure is four percent if channel catfish are in-

cluded and 0.4 percent if not included.
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8. Stratification of populations of annual ﬂarVest into monthly
strata removed 98.9 to 94.1 percent of the total variance betwzen
raises thus increased the precision of the estimates of the total catch
tremendously.

9. The allocation of samples proportional to.fishermen numbers
was  a uséable procedure although it did not .approach Neyman -allocation.

10.. The questionnairevcensué method of harvest estimation is aé-
curate only if reporting intervals are short, intense personal contact
is made with the fishermen including occasional sampling of the catch,
~and the census includes only salable species.

11f An unbiased estimate obtained by simple expansion of the mean
catch per'fishermen trip (estimator III) was the least precise'estimété
evaluated. It was a good estimate because the effort expansion factor
was méasured with accuracy. ‘Estimator III, theréfore,'accurately esti-
mated the totalvharvest.

12. The ratio of pounds caught to net nights fished can be esti-
mated from samples with negligible bias with sampling procedures as
used in this study. | .

13.. The ratio estimators analyzed (estimators I and II) were un-
usable because the measure of total effort (net nights fished) were
reported.iﬁaccurately.

14, The coefficientvof variation of the rétio estimate which was
adjuStéd-féf differences in éatch’effic&ency‘bétweeﬁ“raises.(estimate
VII) was smaller than the coefficient bf variation of the ratio estimate

which was adjusted for ‘catch efficiency between fishermen (estimate I).
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