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John P. Wise 
November 20, 1958 

Robert L. Edward.$., 

Ms., ''Population estimates of whiting (Merluccius bi1inearis) 
stocks by the Delury regression technique," by D. Oberacker 

Please review and cowJllent. 

Robert L. Edwards 
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Office Memorandum · UNITED STATES GOVERNMENT 

TO J.A. Posgay DATE: June ~9 .. 1958 

FROM J.P. Hise 

SUBJECT: Oberacker's ms. on estimation of Hhiting populations. 

~-Jith regard to the inquiry in the TIeTIO of Cl:rde to the boas, dated June 16, 
I have examined the thesis. and do not think that the material and conclusions 
are sufficiently Bound to merit publication. 

Some of the reasons are these: 

1. The author admits t;1at he ca.nnct est:;"mate the strength OI' t.~e offshore 
population, and his estimate of the strength of the inshore population is roughly 
plus or minus fifty percent. 

2. He discusses "catchable population" but does not define it. Nocrhere is 
the point brought out that a gooe'. part of the population is partially catchable, 
8..Lid partially only-, because of net se16ctiv-ity. 

3. In converting pounds of fish to nw':1bers he uses samples IJhich amOlli'1t 
L'1 total to about seven hundred ~ fish, or, assu.cdng half a pound per fish, 
to about three hundred and fifty pounds. This is less than one-thousandth of 
~ percent of his estil-nate of the population."Tt'"""CiOe"s'Ii'Ot Seem to me thatvalid 
conclusions are likely to be clra;mfrom so small a sample. 

4. The method of calculatL'1g the numbers not catchable by otter trmfl 
presented in Appendix F is not valid, sl..'1ce it does not take into account the 
selection curve. 

5. The T,-J'e2.kest part of the conyers-ion of pounds to l1Th""1bers is in tl1e 
smaller part of the size ra.'t1G8, a..."'1d it is he:.'e that ,.o;.normous errors can arise. 
An error of one h~~dred p~rcent in pounds of fish of six centimeters is not 
serious, but s:LYlce there are so many of the little beggars to the POllil.G, it ~'Till 
be multiplied out of all proportion. 
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sTANDARD FORH NO. 64 • 

Office Memorandum · UNITED STATES GOVERNMENT 

Chief,NA.FI 
, .TO DATE: June 16, 1958 

Ass't Chief 
FROM 

SUBJECT: 
Oberacker's Ms."A study of two populations of Mer1uccius bilinearis, etc." 

I believe Oberacker's attached Master's thesis might well be publ;l.shed 

as a Special Scientific Repo'rt. I am therefore suggesting tbat 'it be put 

in the hands of our editorial committee for their opinions on the following 

questions: 
1. Are the material and conclusions suffieiently sound to merit 

publication? 
2. General comments on re-writing for a Sp. Sci. Rept.? t I 

think, for example, that many sectiop~ can be written more tersely, with 

deletion of some sections). ;, 
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STANDARD FORM 1'10.64 

Office Memorandum • 
• UNITED STATES GOVERNMENT 

TO DATE, July 2l, 1958 

FROM 

, Chief, NAFI 

Ass't Chief 

'SUB]ECT,Oberacker's MS: "A study of two populations of M. bilinearis, etc." 

I have just completed revieWing the comments of the &htorial , 

Committee on the publishability of subject manuscript., I am disturbed 

by ,the 1.ack of appreciation of the importance of this study and by the 

superficial treatment, as indicated by criticisms of the most trivial 

nature. These can only arise from a general lack of understanding of the 

subject, failure to examine the data carefully, especially the graphs, and 

perhaps XXllJls:¢:a- that :!Ill approach to population problems other than 

one blessed by Beverton and Holt is to be regarded with due suspicion. 

If the manusc~pt were badly written, so that its major points were 

obscured, one might expect the type of treatment given it. It is, however, 

unusually well-written. 

The reasons offered for not accepting this manuscript vary, anong the 

three editors, from none at all to more lengthy but completely untenable 

reasons. It is hardly worthwhile to discuss them here. I find only one 

point on which I agree the criticism is valid) but the point is tri vial. 

I suggest either that the manuscript be returned to the editorial 

board ;for a more thoughtful review or that we meet with the editorial 

board to discuss this matter. 
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Bureau of Commercial Fisheries 
Woods Hole. Massachusetts 

Dr. D. B. De Lury 
Ontario Research Foundation 
43 Qu.eensc Park 
Toronbo 5. Canada 

Dear Dr. De Lur.,: 

Jul;r :30. 1955 

I am taking the liberty of sending you the enclosed manus­
cript by Donald P. Oberacker because I think you will find interesting 
the nlNJ.ts of applying the "IleI.uI7 method" to a marine fishery situa­
tion and because I hopEI you may wish to comment on the general quill ty 
of the study,. particularly with reference to its possible publication. 

Mr. Ob$racker began this study last fIUII1IIIAIr at my suggestion 
and continued it at the University of Maryland during thlll past year. 
I am quite pleased by the indications ''Of this study and am convinced 
that your methed will pro'"' usetul to WI in lllIIldng general. a.ssesSllllIIlts 
of fisheriss for which we have available catch and srron data. only. 

E"closure 

Clyde C. Tay'lor 
.\8si.stant Chief 
North Atlantic 
Fishery Investigations 
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An at.~ 1s ~ m tbU ,a~ to ellt1lirAtG ~ e1ao of two J)OPU­

lliliU«l3 0: ~!;'l'95!e1Wl1 b11'']'!''iD' OOtchillJ 1 ~~11 bt a _tlIcd 

1W<lI~ 111 ~tu.."'1 (191)7) \IM_ wt1UIU'/lt ~tch-etto:.-t !lata. 

Earl$' 11\ th<lf ~leth Clmtl.ar.f, MgllUlC1WJ bl~l!I. a ~ 

nom ~11 ca1l.;:4 "w!i1t1=s." 1iiIlOIiI Wlli>d a_lilt ~lT as III ~111sw 

~ ~ ~m ru.~t.lIlII ~11 (D1g01ov ~ s..,~> 1953) > 

liM. it we ~l. to ~~t ~~ m o..~ t.o 1>&11 t1w :fiom 
u toG4. But 'I1ita tao ~ved. ~'iuei1l of ~a1n,g IAl2Ii ~pe.r:Ul6 

f!~ 1ttiN !l.wdla.,lfJ, llotb Ql ~l>~ ~. tile 'lilt1~ l3!w beCI:£le m 

~~ i~t tabls t~ tililh. ~ Q'K tM ~lt:Ul6 nw ~ 

IiW'$ ~ d:U'ectlJ t01:' h\l:llllU\ ~ ~. aft aD ~ OOWIt1tuent 

m t:b/ll tJrdW s.~' ~ (G1u~. 1954). 

'l'M mjortt¥ of *~ Mlf ~t on tho ~t ~ of ~ 

U'n1W state. COOle f.rflm two s.ree.a. 0:liID ~ t:w" ~ ill _ ~ a.."'M 

~ lie. ~ tl:» 00Uil IlIf )l:lall'fl'!lebllllOtte. Ilmd tbe other is an Qfl!'~ 

ItiI'Ii$ W1eb 11_ a:~t811 .3C I1aU.e. erurt; of tOO ~ ~ (~ 

1) • lm4" 1II1Dce Yh1t1116 lIave bG«l ~ in tb$ llW"~ Atlllntlc I lte 

~ ~ baa b:MIn tl\e hs\o:n _. Gulf II1rlce thtt ~ 1n~ 

a!lN"""134 fer tM vh1ting baa tl\e ~ _ '!I8tIm uUl1zlld U III t1~ 

It; 1s a.hUlabl.e to _n OOIM 14ea ot tho ala", IlIf t1w 1:ls~ e:.\ll 

~lfh1t1ns JOliIUlA't3.onB &'lIl t.!le ~t to "'.a.m" the 1XI~t1f'.W1 a:z"!) 

~1l1 being u»la1W :In ~w to ~po:'l1 ~e t!» '<Ihi!:i=s t~;r. 
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Figure 1. Map of thf north"",st .Atlantic coastline showing the approximate location of the two study areas, inshore and 

offshore. 
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ft1$ pa-pm:' 1s G:I. a~ to f'..1l1"111 th., !1!.1.1cft _lids 1>; WItt Gf 

De~'1l procedUft of .~t1Otl 1f18t.1lmtlan f'rcI:l _toh~wt 4ata. a 

~Uft vh1cb. hall ooou awUed bl VV!Ol.lal f15l:lU'iGs' biQ1.Oaista. 

Mattll.ll (1949) ~ it; on 4l:'"el-o~ data to el.Jt_te IlL JilQV.1lJ1,t.lon &1%$ 

of ra1llbmf trout, ~:lJllO ooUllMrU. ill. l'mli.l ~. :B:'lllih Columbia. The 

ti~ ~'Il'1:w.tlo:l 111~~s in ~ ~11 1.'1 tn<J l1'roviooo aX Ollte.r:l.o (O'ReUl: 

~~ J'.l:&vwn ~ ~ Ut~l$ ~) wre stutl<ld 'trt aI!I!.mi (1951). WG all­

plled tluI ~ to ~ta an al>tcl:I<IliI o! trap _t.s. :!Ie GlIt1ma.tad the 

,omi"u; pIIrIlh. iOwca f"!..s." .. IIG$<tIa; l:lUl~ I Alll!.$!l1"!,,'1$ oobu1oe'.1lil; .an:l. aucli;lU'" 

ca~t9\'l!M! ~"t'~"ii. ~ (1953) ~<;;d it in Il'J111'llw",;tion With IiIll. 

.. t 

Ill":!.t1!'n Col.llmbia. ~ eiz& or a. ~latlOl'l of ~ lIl.IIli"tah. ~ 

lIlilZl'Ul''J~, wall est1illntwl by (';<lrlWlg {19!!2}. who wwd De!lJ:i:.'y'i!j pro~ 

tcta.l. 'l'U ~_t nth thel'lf) _~ llU scc1. ~1 (~) l.WGd 1t 

to &Riate tl;l$ 1)I:'IpItlatiOl'l aUelll o:t' the tOl~ fi~ :Ill 13 J.Xr,i.lii1il 1n the 

StatE/ o£ lfli!'lf York: wi t<I llIUCli:l!Ir, catoa+~ ~:1J tb.:tlmI.d !Il1n­

MIf, Pimeph!l,e8 j)!'?l!jI!laa; ..w. &1l'rln'7 m1.'lIW1I, ir~tlmS ~haUB reg1U11l. 

F~ obta1Mi! his data fro.a llIUCcosa1ve lI<IIimI llauls. w l» totUlli tllat 

tM IIOtml&t1on $1111ft l!lst1ll!l!.WQ '01 the DGturt ~ ~ ~1l1 lmW 

tOOn tho tniII bIOty..llatiaM, VI:I:\..;:h were cL:i~ by d:ram~ aJll1 eountma. 

The ~ ~w. 111 DeT;;:;tq d,,~ 1.l-pM ta fact "~at th9 do­

~ 1n the ct\\wh pel" 1lll1'1< ott~ as the ~ticl:l b«IQlieS do1l1l'.!ted 

~ li d~ relatlotl&b1p to '/lbe <n:tant o£ tll.<J U!}le-tlon. 'l'be ti~ 



, 
l!I.'IlBt han'en a .1enU'1~ propwt1on of tlae popalatiQll tor the _thea. to 

be appl1cable, as 1t depends <Xl tlW ab1l1tJ to lrlI!D. a eoocl .. t:1l1l&te of ~ 

slope of tae ~<Xl of _tell per wnt offort on aeo1.1lllUlAta<1 ItAtch. 

Wb;m iii. very _11 proport1oa of tho population ie ta\I!m 'bJ the f1~. 

the elope 1& nil w eo a~ tint iii. _11 ~ in alopo !!lIt.b8 a ~w 

doW! \U.U~ in the IIOlnt at wll1ck tho proJection ot tlle ~.1cu 

~ 1n~8 tha X~&; this lntOl"HOt1on. 18 tho eat1matlll ot tlae total 

JOPU1&t1cn slse. 'lhe relatIonship between _toll PR' lmit .:r:rort and 

aOOUl'l\llAted (latch pro~ by l)eI.1.lr1 holds t.n.e cnlJ 11' the foll.Pv1ng 

~1OWJ are li1&t1af1od.: (1) natm."al morta.UtJ, 1'8Cn\1t11'le1lt, am 1111-

~t1m llIWJt be !l4IfgUaiUe ~ tl:\$ per;tod. of e~J (2) 1m1ta of .:r:rwt 

eap~ ~ the 1&Iil'P~ ~8 WlI'iI not ~te with qne another; 

a;Qd (3) the proPQrt1Q1l of the populat1cn taken b1 a tm1 t of .,:r:rort 1iIhm.llI1 

~ ~t (,RoullSI!l1'ell em Ewrbart, 1953). 

! 
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'n!~ I1!\lathol or G~1at1ng a ~lat1on sUo W$ $~111~ 1:;1 lJ$"I.m7 

(1947) l'I.'quil:'e$ da;ta III t!me :pwlQis of the num.'/:l<!Ir of 1iloIU.vid.uals c~ 

~ th¢! ~tlnt of ~~ori" ~~ m ",:ptur~ them. ~1 (1947) 

"It will be .belll.llel1, thon, th&.t catch and $f1'or1:; N~$ 
a:re &'1ailab1e tor & _.tllle or ~ou.tifll tme 1ntornrJ.l1J. 
~ catch tor a 5iven t1mo 1zltltrval, ~U!.$d. 1:I;r t. Will b'I3 
~ b7 c(t) anr.\ the 0CJ.'nI~1ng ettort. b1 o{t}. The 
catoh per \alit IiIUort tor too tIme ~rn.1 t is ~ ott) " 
c(t)!a(tj. Nev, W$ a ~t1OQ ~ dElplet4d. the 'laiae 
of c( t) ol'l1:1n1i1r1ly da~liI, U!1 til .. aIlIOtmt '01 which c( t) :t. 
d1nl:1lUehed. retloota t,ru, e~ ot the deplstiQa wteb, :1n turn. 
d~e on tl:ia total cateb am. th'il tot41 efrQn. This tlU>ll­
tat1va lJta~t mil 'bill r.mlll qUMtitat.ive \\~ JIIui-tablo u­
liiWlli:lt1ona. " 

clOl!!oo., tM,t :is, .;U<1Klts ot lll1gmticn :m1 natl.l.l'al ~llt.Y iIU"$ M€liE!i-

111$; (Ii!) IUl!ts ot ef:twt ~lG1't!d d1.ll'int; inWnal t do not CCIll,etJ!l viti:! 

G~ ~o$'i and (3) tho lWQ1:>'Wtion. k, ot tlw 1,1'O'PUlat1on Qe .. pl!~ during 

the t:l.lN int_l t b1 one wUt. or ofi'ort %'$Mi,ru< c~t (l'.leLlU"1. 1~7). 

If 'iN 1ie81~t;., t~ )jlCpulatlm au ... 10 the beg.mn1ng ot the 8t1l4 

Juat 'bet01'lt the t1-'"8t catCh ill ~ 01 li(o). tben the cateb ,.a:r 1m1t et­

fQl"t, e(t). at tho ta.a Juet betQl"@ the f'1rm't oatoh 111 ~ iii! ltW(o), 

i.e., C(t) =,~(o). 

If VIi ree K(t) l'O~t the I'lllII!ber oZ 1I:IIU~ ~'Al1 frail tbe 

~101'1 up to t1mtt t. th= tbs ~t1on at ~ tblc is :\'f(o) - K{t) • 

L'l a !ike l!1!Ul1lln', 'l1$ 1lW.:1 1I\1so"~eant the C1I.teh ~ unit cftOl"t, c{ til I 

at &q t~ uc{t) = k[:l1(O) - s:(t}]; .. MICa my b<lI vr1ttenl 

C{t) : k3(o) - kK(t). (1) , 

I : 
I !, 

, 'l' 
!ii 
i ;, 



1,£ values (It c(t) ~ plotted. ~1l:wt K(t) am. tbe relAtionaMp ~­

tw<m C(,tI) aal X(t) 1e :£'!I't\OOM,blJ' ~. est_tea fit k am. N(o) toJJ.eow 

at CIlCe "01 fittinEi e. ~-l.i:GG' re~eelou or C(t) ou ,,(to) to the data 

~ W111:!lS it to el1it1Jllaw k, ~ elQl)$. -. li{o). the 1n~ di~ ill 

}::. /J'I(Orltl (1947) pt"&&@nta tb;o 1IOI!lp1ot!lil matheilll\tlcal 4.Ein _t1on 01' tor~ 

l!IillA hi. 
It is poiIliid.ble to OOII1p'.lta a~t-t", eolU'id$OOo umte far the ~­

ulAt1l:ia ellt.1matl/. N(o}, b1 a t~ ~ted '" De'L1.U7 (J.951). 

It ... ~ tad the ~ ~ Il'l1gllt be lW!Id. to estiaw tOO 

two llOV.l.lat1ons or .... h1t.:1Dg for truJ foU.,.r..ng~: {li eatoh-e~ 

4ata ~ am1lAblot troIil the wa ueu· bj t:i.1llG ~1odIlI. a= (2) ~ 

StMdi<l1ll ~ il1 Nr. l'I. t. Frl.~ of tho 13. S. Fish am. nUIDa Se%-r1ce &1< 

W~ lIQl., ~~iU\~t8 ~ve no 1W.1oc.t:l.oo that. ~tloo!'XIC~ dJ.lr-

1.~ ti:l<i IllOntJw of July, ~ -. ~ of 1957, t1mu $1lplll"illlt13 

_t11l1~ 0iIl/it or the _~_ fen: a. c~ j)OpIllAt1on. 



p 

~e. tor the two ~ ~ wre d.e~~ fI.'oilt Ca!lIIm'Cia.l 

1t'mfltns data on wb1t1n6. It ~ 20J.l:li1l that tho btalk ~ the wIl1t1ng 

lw1.;id. fM the Cult of ~ ~ trl:a tho two a..~ we ehall call "tn­

abora" IIZld "offshore" (~~ ll. »1£.1c1I' -. ~ (l953) llItatoa. 

that tboeou.thwS'tem part ~ the CUlt of ~e. wh1ch 1iiI 1d.th1n the in­

~ area. ~ t:. cMef ClOmtao or a.b<nWance fOl1 whit1ne. C~1&l 

lEln.·Hna l"$CcNa showed tlle:t it ~ on],y lleelll 1:0 the laat seVllll"lll ~ 

tia'lo the ot~ awe. l:as ~ fielmd to f!i:IZI ~t ~t. ~tl1 

tu ~ al"ea ~:ttm;"~ ~ &8 IIll1Cb to tlIe total'Sbiting eat= 

~ ~ lUI the ;aucll ~ 1n1l!hore &\'ea. 

'rho autAm boowl8J7 f<:ll! the 1'ru!j,lorlt -i:ol)Ul.!l.t1= 18 apprqrlm tal1 50 . 

lII.11o$ ott tile ~ line, sal ~ cor..h to 8O'I11;h ~ >4 tha ana is 

~t<t111OQ mlea. lfo s1sn1fiOOllt oatdae/il &\'e ~ed oo-twlOm the 

two anaa, a tllstaD.G& >4 a"bout 30 m1oa. 'rb.IJ deptU>4 the _tar 1n the 

two ~ ana.s an e~t.lIl1 W same (20 to 40 fathalllil). ~_tw 

~ ~ th$ two ~ ~ 18 abotlt 70 to 90 f&thomii!. Tho off'~ 

.... ~lIlIN appxo:x:1Jilatal1 2,400 etuan !Il11H, &8 ~ to appro:d.­

-tell ,,000 sq~ !Il1lea fwt tba 'n~ al."O&. 

1'he ~ of tll.ia ~ U ;i;'roII i1Ial1 1 to ~~er 28. 1956. ~A<II 

"f'IJV ~ lIIUIael.oete4 ~ th1a ws tbi '1~ f'CJt which t.lw, J!l.t.lIet iile.ta 

'IIU'e ava1:ta.)le. fte pert0l111&S eeloctcd. e.s it 18 ~ tbJ..e t:imiIt tlat 

the b<IJk of the 'Ih1Uilg ~ ltIiaIled frcm t.hciW wo ~. Al,iBo, ~t10i1 

7 

, , 

i : I 

, 

i I 

U 



i& a~i;l1 at 4\ ;:.\1''''!l!lllll ~ tltte ~~ 3$ tho fl. C'll OIl tl.\$ 

~ng~.. l'l~l.D!I IIl.lld ~ (~sj 1rt4.~ 'ti.'!at * whlt.1nB 

in ~ ~ lU'eIL U'IJ a I!!!!1!I1!!!!!f ftillh :t1rst a~~ 1u _~ 1u 

$&>11 ~ am. ~~ .u~ 1u late taU. It 1:11 nat; ~ 

Q.ib£iniilol7 WOmlt tbe W!t~ ~ to in lat4i taU. 



ca~n~ data weft o1Ji:&jnR ~ ot"llct' travlera wMeh ~ ret:' 

wil1t~ ~ the ~~. '\:11th tho ~ tnl.wl ~. '111111. 18 ;1q~ 

tat! bottora t'i®iDg. 'libe ~ UIt "u1ta l:IrO:t1cunt at Qa~ ~o 

W1t~ ~ i;lW vMt1.l:ls :I.ri!lablt th~ 'IXIt~ I1lXit~ tmt deI.1t~ (wh1Qll 

1111 ·tbe ~ tM vA1~ n.~ f1ah). tt~ ~~ port, tblt ~ 

1l:1 ~ by it. $. nah _ l:i'lllil..1;t$ s""Uf;> ~l, l<ItIO ~ 

~ 1nt~t1on on: (1) dats~. (a) ~1' ~ ~ i'~, (:3) 10-

eat;1...,. Qf 'latohe$, Mil. (I+} ~ t:)ml ve1gl1t 'CIt th<t ill&.t.eh at ~. 

all "'~ ~ct1Q1l CIt ~ l!l.bove ~w 4ata, it .. Il~ 

~t ~ 1!Qa't tim.'«1 &~~11 ~ .~ ~~. In Qriv to 

~lGi WIllS U.viiiad. iUW ~ ~ta. 

A ~lat1". W"Al or tbo m1IDbe1' of fil!lli ~l2Rii. ull to. bUt. not in-­

c:I.nlu,i'l8. Ii&cll salPl..Ul6 :peri __ , Jt(t), ~ bft ~ tlf;f:' ~ ... \lbIm 

UilI:We DeD.&rl'a ~tmI. ft.<IJ 1a_:rV'1~ do !lOt o~ in.f~t1on QIl 

all ~ mu~l ca~ ~ ~ 1m""! Q 8QIIe Il\fI~S I.!.t'$ JaM. on 

he~llI gzo lata at ~ Wbaa ~ 1tIi.~iMmI do mt warlt. Hwevw t 

~ 11. U. li'1tm am 1I1ldlJ...~ ~ ~ cibtain :1ntfl1t'll8Um Ql:) total '!.I!.Ild-

~ ~ Qata wtuoh V!II QOlIIlll1W frail ~~ ~ of l':!.lw.t ~ 

(J.'lIlIOp1Jt wliIO 'b1a1 &nl sell wh1t~. 'li1c11Ml~ all ~ 'IIb1t:mg :I.lm'.ied., 

~ ~ ~ tor -mjJ!!l!il ~ •. liar aubtmct~ tW ~11Mtl:' tot.a.l$ 

~ tho plimt ~ totals, it ·1iU ~1lI1bl!\ to f),,~ f~. Ql:) tbu 
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-

50 ~t at * atoll tw ~ trtll .. ~ at wMtmg wn ~ 

to ~ tl:le atch ~ wt ~ftl'llX't data. This d001iil1m en tl!e ~: 

of tbo 1IIS:lOO4-c&tcl:l problem .. ~ ~ l.II. ~ a'IiIA b1 .ltlttCMn 

(1953). ~ a .unll'lr 1iI.i:~\iIII,\i_ ~. 
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'lR AI'/LER NO. 0275 ntA\'lLl!2 NO. 1715 
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6 • 'lR JlWtEE! NO. 0370 

i :3 
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a .... • >-4 'lR.A:II!ER NO. 1170 ~ Al'IL1IlR II O. 2910 
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3 . -. - -- ---
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K( t) X 10-6 IN ROUND FOONDS 

Figure 2. The r;~ationship af ca.tch per hour, CCt) X 10-3 , to the total accumula.ted 
catch, K(t) X 10 ,for each of eight different otter trawlers in the inshore area 
during the period of July 1 to September 28, 1956. 



~ too g.tO$!l ~ or ~ Vt}~l tllfl ~3 fit ~ S~$, ~U· 

~O~:1t1CM, ]llJ.V~Uo.'1 ~~"'1 a.~ :fgr ~pell!:ls F~. etc. 

::neta ~ ®~ on horoo~. ~i; t~ a. ~~r cM..~r· 
i.~llI of tlw tt'mllcs ~'!lS .. 1957}, l.lX4. it ...... found. tlMlt ~ 

~e wa.a '':jlle b<;lst· :lJ~ato:' or r'..tll:lina ~ (~, 3). 'l'he con'I:IlIl­

Uon ~ffioiW).te £w catcl:l p$r hov ani tOO vartoua C:'l11m.cts1ri:.~i.:B or a 

fiootl'l4~ "'liIIa@l vh1<ib ment W1~ i1eh1l1;e ~7." ~ -v.xf»d.. ht. 

~ (r '" 0.82) an:). ~e ~f!$ (r " o.9l!1) V~ the ou.~ f;l1.cWl'$ 

ti""';t, If.xbiM~ an ell~1a;ble ~lAt;l.1lm vttil catcil J)W l:Icur (.\wmU:!:. 

:I). 

~\il ,,~1iI ~ of ~h ;"i:)S\!$$1 'W"a1 ll~"t:!.:'ipli"'l. 1;7 11;$ hoo..-.. f11i1114dJ 

t.."wS'll r-enul.ti.'l,£ f:t,,'1ll'''1l ~.J tll~ eQ~\ into ~....uaJ" jl$l"~ (by d.e.We 

W";'.1:.1k·"",nJ.1jo .. th~ oe.too 1'1g>JreI> 1n ~h ~-d.~ P'llr10!l wwe ~ in 

O;t'l!iJil' to (U'!'11ffl at C~~~'l!:, ~~ ~O<l ee.tcAn. Ca;l:c'4 ~ 

tIDit 1ll'forti date, c(t). ~ aa ee.tch POI' too.--bour 1::1; tMafI~. 

wa..~ ~t$d by dividing ene!l tvte.l ~$~ ~riod effort tit~ 

into ita ~Il~~ ~l ~ 1~oi ~ (A~:U A). 

~ catch per to:l~hQl.w ~ 1'rall tbe i~ ~ ~ t.hen . .,J.o~ 

~ th;) liWetll)lllhlted eat.d:l de.ta, rs;n.tlt~ ill a !'nirl1 1;"00<2. ~t* 

H ..... ~ioo of e&t..41 ~ tca..ooUil' 0."1 ~~ <:latch (~ 4). 

'1'h:lli!. it a~ ~ tba data. V~ mutablo tt.:tl! 1;liIlG 1n a po;:)UJAti~ 

mD .~1» of vhit1ng t:rm the·~ ~ b1 \lIW at tho ~ lroS'" 

~ttd b7 Detwrl (l~M). It u.~ '" l»iIed ~t l!l ~ eat1mta at tm 

pa';~t.ion aue '3!111.'1 ':;0 o~ at. tbUi ti!llEl by tI~l;r fi~~ a st..,1e" 

ll.I'.,o b;/' >tsy>l to t40 SJ:'!l:?!~ data ;m1 =tn\WlAtitl,;.; t.OO li!W to tbe ;J;;~a. 

~ ~M!z.t«l. l'Q!iUlatio."l tct~ i3 at tlw ?O:!Jlt. at 1llta1'~lon ~. 



15 

"0 dO 

~ 
60 • ~ 60 

~ 13 
E-< • E-< 

'" 
I 40 • 

;B 40 E-< 
~ !ill 

5 • • ... . . 
20 • 20 

, 
•• - : :'a ~ 

0 0 
0 1 2 :; 0 1 2 :; 

-3 
c( t) X 10 

i 
• ... 

• , \:I 
80 80 80 

~I" 
• 

~ 
R 

• Z 

..: el 
.... , 

60 ~60 60 '. 

! · • :x: il:i • • 
• • 

.. 
)4 • C> · 
I !40 

~ 
" • ':-

ti 40 · · 
'. - 4() 

~ 
:' 

, 

i " E-< .. • 20 
20 ... 20 gl 

ll! 

0 1 
0 1 2 :; 0 1 2 3 

0 3 0 " 

C(t) X 10-3 

• • ~ 

:\ 
80 ~ 80 

• elro 
60 • :x: 60 • 

i~ , . )4--> 

• i ~40 II~ " • " 
40 " 

. 
.' • , ... · • 

20 '" 20 • rn ., , 
0 , 
5 

o 0 1 2 :; 0 1 :3 

C( t) X 10.3 

Figure 3. Characterist~~s of whiting trawlers in relation to eatclJ. per how: in 

round pounds, C( t) X 10 • 
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Figure 5. Rela.tionship of catch per ton..hour, C(t), to the total accumulated ca.tch, 
K(t) X 10-7, of whiting for the offshore area dJring the period of July 1 to 
September 28, 1956. 



, , 

t~t1nAlll J ttl .. enti..""!!1 1»zm.'lat.ii:m would b.e.v't bwu !Ja.~t. In otbtIr 

'\ro:t"J.s;J it 1s an 00't1mtlir o:t tl'.l$ oa~bl~ ~t.101l total 01 *:i;t~ 1n 

t,hf .. t'll'~ 1lI.._ Sot. t.1Ie t:I.l:iIa q! ~ i'~ ~le (J'ill,1 I, l$!iQ). 

A point ~t1ml;,4) 01: t1113 wl~ Pl'lF-llat1«l at::. 1n the ~ tl.l"e& 

WiI l.!I.Uoul"!;tGd to '!:Is 48 ,010 ,000 ~ ~a (A~U ii). 'lM 95 ~ 

olXlf14(~ limtlil tor the lJlJt~ of tl'w :PO~t1on tnze 18 ~,500tOOO to 

S4/f~ ~COO l'Ol.llld pounds. ~~~~ l:!MtlJ ~ oo.lc1Al.!!~ III Il\ f~ 

ula ~~ '01 Dti!N.7 (1951). wtcb 1l.l ~~ in thtt A~ D. 

In ~$l' tQ ccn~ ~ e.bow f1~ tcto ~ o.t f:l.s;!h. ~­

_~ :rolat1CW'1b1~ etWJ.<1lJ:l ~ leas'".Jl*mq~ w-w.lIiU. ... WIlloll V~ l!IIIde 

'trl U. 3. ~i£h a.."'ld. Wl~" ~ per~l;)At ,J~,iJ 4~1.,~, 

~ lltlUz~. 'n311lO uta. ~ ebta'll:$d. ~ wb,iUIlf! t,a.~ d=-1:n,g Jult 

.r/l 1,;;6 in tb<:I 1jl~ ~~ WM ~>th.~~ data. ~ __ ,,~ to 

_1~lt-:rrl!lqW$nc1 dtAta by tl:Ie un ~ tlloae ~~ Nlatl~lp de_. 
'J!hIt 'II:'JIt~, 1)Opu.lil\t1011 valYe'V4Sl tMn ~CI'l!IlIi mta M.fi'*Nnt w~ 

cl!il.MeS en the bWllsf¥t ~ ~. as~ *"' the ~ln ~~ : 

t.M ~tlOi1. .~ t~. Vb1eh N~ tl\.$ ~ o£ wltb',.; 

:til ~;milil Qf t.be 'n'.r:1cw: limgt"h Q~g of :i'lu, '!/WI tUv1d1lld 1:>1 tM wi.::"," 

~ an 1P.:1.1V1dual fiilh in ita ~~..1n lmlSth cw.e.'i'h11i1 nsulW. 1n 

wt1m~ 0: tho ~ at m41V"...Il.IiIal wbt~ in iI!!GOh ~ a_. m tM 

~~tiOll. 'ZMSIt ~ MlllI:m1 1n C'l."1.w to Qb'ta1n a :t1b"l1J:'ltu1l1eh "1'"­
~~ tbo total lfOpule.irl,m >ttM;.~ 1n n~ oZ f!z. AU tho abIml 

~ ~ £It.,. in ~1t. 'lha ~lati()Q, Htlmte .. ita 00Qt1,. 

11 __ :ullI1'tB '>1'Im!I tbm. con~ ~ row::d ~ i'~ to ~a at 

t'~. ~ pobt oetlImta r:f ~ i'O~!atl= sue .~ oaloulA"k<1 to 'Ile 

91,;;£,0 ,.\75 wMttns ~ too 95 ~;;mt COOj':!ilotliUI l1l1iit,.s <.'1.$1 65, 7l;::l poo to 

161~,000 fin. It 'llU3't bl$ ~ that t~ A'ba"m !,o:cmL">.t:ton a$t1mtl;l!il 



~ ~~101 Uttd;l;a NfiW uulJ to ~ ~~tion of fi~ cawhable 'b1 

otter ~l~. 

'" ~ \iU ~ on ~ ~~'Il of '\i'lrlt~ ~ th<lI "eo!" $iii. 

IJ)f 2., meUllIIIeA O'twr ~l :.w. 'J!b1s i\t;;;d;' 10U ~ ~ Q&~ Q!f 

the tOO'Qe"'$ ~ (Cl>U"k, W54) I 004 ft'eIll rus it ,il/U!l ~1blG to e~ta 

~ ]jlOt.'eent ~t tile l,lOpQlI.l.t1on t1l&t is not ~'lt b1 tlla nets. nU.1l i\t~ 

ei1<llS ~t1on on tMG~~'ll')~ of Wtt:l..!1Jg dwn to £iah of 6 em. in 

~ l~. :B1UM';'1. tll~~ lla'lA. tJw I1I>stimat«l. ~'Mon aiu WllI 

UJ ..... ..w. wlnc~ aU l"U!l ~~ .~ ~llo.r t~ \5 etl. total ~11 

(il.17£le~ :r). A populAt1Cll :P¢1n:t e~ltl!l:te ns t,,,en cz.lm\lll~ to btl 

lOO,911,J3l: ...mi~t W1tb It. l'll"oI'er am an \lppilr 95 ~£Int oonf~ J.a1t 

of T.2 14aO,806 mn 171 ,941),.531 ~t~. ~nl.1. 

~ta ~ !lOt afU:l:mb~ for ~ in this stldy en 1iMMns ~t in 

t..~ ;l.n .~ ~~. ~ tGtal ~ Q&~h ~at to 741,231 ~ 

~ ~ ~ thi'l ];l'lrla4 at hl¥ 1, 1956 to s.f.!!Jllber 28, W,o. 
~ t:'a;p ~ W/.8 not 0Cll.S1dc .... lIago ~ to a.f:tsct tl.m popalAt1on 

6$l;~ ll&lc11l&~ to\) IIiJ:Ii!f 'IIilproeiable oxtll:nt. M the t..-l!I:~s coo:tai..'lt1d 

a J.U'f~ IllI.IE s:1lle U$T. tJwl that. f4 the Q'tt&r tr-.Jlers. to 1lilI" the tnp 

l:I(.It lJ.ata oon-ectlt wulA ~oont It v~ 'JOii!!Pl1~tm l!l'Oblltml. as .tl\e traps 

IU'$ ll&tcI;lt::lg ~ r4 tile ~ler pgpulat1ml am ~ qf &l'IQ~ tbat 1$ 

l3Qt. ~t bJ .~ trulEll"lJ. 

cat.:IQ p!!1C ton~ ~ ~ ~~ catoh uta W«l."e ala\) ob~ 

tw ~ aU~ ~ (I .. ~ ~). ~ data ~ l?l.ot"'.ad, Mil tl'!.lI3l in­

.~~ f14 the ~pU 1t .WJIi\iJ Ob~ that t~ ~ :;.0 tmi(l4t1en at' & 

ilI~ ~! eloPUs lillliltU' :ee~w.i:»l tr&lJd. UWl!I -,Msomt f'rail tM 

a'i:i& <It ·tllo in">h~ a..-elll. {11~} 5). T'~, lm (oll\t~~ of the !l'01'Ulativl!l 

f;~ l:IQ1lld oot be a.t~],1t;;d. 



!Mam ~! !he ~e 1l:l tblOl eateh 'P'A" ton..oo-.u> in the 1nsI:tQre 

~ u the e.o~tod. Ollt.eh ~6 doos M\ _ to be the ;!.'emlllt of 

a ~ in t~ n.'I»r or ~ bea\w. A n:l.r~...m ot ~ n~ of 

~llll fi~ ii~ ,lll&Oh i#:1Jl:;1) ~cd ind.:l.cate3 M e~lAt1<m With that 

ef tlw catm-lil~ (lAta or' the' 1'7WlOX"f) ~ (F~ 6). 

:l?OO d~"'!1 ~3li11<m ~ cateh JilW unlt ",fttart en ~iI\lll1lAUd catc1l 

f'tlr ~ ~ ~ irliUaa.too tMt tZiji) ll1&~t1eal ~111i1 ad$fj.;.w.te. U' 

othg ~ilGrlll ti:la.n til,oa~ ~~ ;Ul t1W 4er1VII:tlQllO:f the _tb_t1cal 

t~ as the MQUIll1).1Ated catch iller_a, ~ t'lUJ ~;;ll'.)t m: theBe ono 

w ~ fae'IIors muJt be f~·<UIl.!form. t\.cco...~ 1» ~o:ril.a ~ tho U.S. 

nl'lb $ild'd1ldUfo Sernoe So" ~0Q.'Is Bola, l!iI!IiQllcnuatta, tin .i\me 5. 1951 

aM ~..embW 18, 1951 t 691 3ni1 lB3 'I1hit1ne, napoe:t1voly. W~ ~ and 

l'G~ 1& tho 1nslxr:e IL""Ila. m:d. ~ WU & 1.6 ~t and a 0., ~ 

~~, ~oUvell. lioll tM t.a.eG ~ oolllOGtad .from the 1na~ 

a.. .... # tbws. ~ ~ do not s;1w IIm1 indica.tion ~t tile whit:J.ns lOO'Ve 

out of tM ~ dur:l.ng the t:ll'!la of 1~ that tb1lJ l'.Itad:i W8 ()~. 

'llw t;aea wen retu..."'n1ild dun.."'lg ~ lllC:ntbo£ Juwa, 3'..111. Auauat, a..~ S0l>­

~ of' 1951. If Uli~tj.llQ, a3 wall as na.~. ill red.uc1ng t.he ~­

ule;t1w, tltll Pl.ot1»iL ~S3iw l.'!M w thlll data would. t.W haft a t",Nater 

aJ.o"pe tmn 1t sl:lould lla?4:f ~ <1. ~ ~1At:l.al. asl;~'\:$ rutin;,; De!.on"'/' a 

~. l'l:l. ~r WW"'..s. tl:w ~la:ticn aue u o'l;July 1, 1956 wuli! 

be~i;ad.. 
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figure'S. Number of whithg otter trawlers in the inshore erea during each thre .... 
day sampling period. fro,." July 1 to September 23, 1956. 
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c~t. lll.~, tha ~ or th1s ;Gt;:.~ 1:: not. t;rue. ~ 

~ ~ vl" ~ ea.uaell ~ tlIall 'I'liW"..atioa in C&tci;abiU.~, liD 

~~ to the~t.1on. ~ is no 7ifXI 1A tl:1s ~ to ~ 

~ ~1a ~ thcJ Qlltt.cllaD1Utl ~1.'W ~~. At tho 'Pr6~t 

~. '1m lmaIr lJ.tt.1It ~ut ~ or ~1..'lg t1;.~t Giiltc$l&h111tl sluitU 

b4:1 ~'~ (l'J<:Imy, l$l~). 

1J~ llo1@, *-.eb1l4Mtte, 30"1:1 ~""<II WIM,l "'5.1 ~~ ~tu..~ c1:thef$e 

~. I.ll tM ~ ~ ~M ~ ~ 1l1t::1n the ottshot'G at"'OO. d.!.U"-

• 

--------------------......... 



~ 1mWIqll&te. \i:ca.toVG:l." 1at&~tAt10!1 111 p~ U'pUl th<tN data, it 

IlIboulil be witll s;t"I!l&t eaut1lm. 

fba. o~t oatcM.blU'liy u~icn made rr&:;f not bl!l'l8.llIi 1La. indi­

cated b;7 the data !"mr tIw off~ aNa. Altho. no ~t:tal QAta 

~ aT<.Ult\bl"l 00 ~t@ Il~ ee.~.:to:: the W1t~ in the off~ 

~, 1i'it 11$ siIlli1..ar to tlii'l.1} ~ the insbcro ~, J'i.lM to ~ Vitll 

the ~ 1n Ju11 ~ AUS)',lst, ttro ~1:.h of tn& of'f~ fIl'"tIa (lf1.,-m"S 2) 

1II1e')rll be 1n~~ as ;foJ.l<:T"",. 'l'he::e u a r-dual ccm.<lentrat,1co of 

\illi>;:'1ue ~ 1I1tb.in ttol3 l'Itw17 ~ d~..ng ~ $J.l&~ ooa!lOl1 (v.~1.cll 

_~l!l ~ tM fish !'lION ~bl$ to otter ~ I?Sts), am then at 

'I;iw 00;1 <:It the liI'pa~ I!OW.lOn a imddm. dU~l ~s plaol/J Vitllln tbe 

liItudT ~ lim tbat the fish wuld 'ilecaw 1l'lOr$ aUfiC',alt. to _tab • 

• 



• 
thl;ul 6 '.l!!I. 1s 100 ,911 ,332 f!,"}ll.. '41~ ~ ~...<mt ·;:;O!'tfii\i!mClil 11::'li ~ of 

~ the ~!ld 0'2 t.."lia~;n (l) ~ 11C1r~iona ~, cl()~, (3) 

~ t1ld~ ~ c:ttol.1. d.ld ~ eMp!l't$ With ~ II.l.Mt~) (3) 1'.00 '!)l!":l~t:ton 

w: ~ :;lQlf.!.~iQtl ~i durl."Ig eech ~~ ~·1<oo' ~~ con'!l'l;ant, 

~ (If) tl» IiAta ad.~d ~ ~~1y w.J.:1>i. l".zrI'~ flt".;d, of' 
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. C&t4h catob.1)el' 
1)el' l'oo-bom' 

:Bour C(t) 

Jul:y 1-3 J3t+6 74 
<1618 84 
2356 57 
1.672 60 
2920 88 
1710 65 
~ 89 
2317 70 
204a 61 
2634- 81 
1616 ~ 2l6Oi! 

" 
l.651 55 
U89 38 
10$l2 38 
1199 38 
~ lt8 
lJ.f6 41 
~39 1;.3 
967 32 

1066 34 
1215 35 • 
101.4 34-
l.623 60 
l3S4 48 
1119 39 
1305 44 
922 31 

2462 87 
10]2 • 33 

A<.I_]tI.~ 

catch 
B:(t) 

0 
739,e4O 

1,607,810 
2,406,701 
3,':>1,8:>1 
4,893,441 
6.007 ,206 
'7,199,594 
8,544,464 
9.!24,,11 

10,5)10,541 
11,a60.7Q 
12 .943.627 
13,646 ,1tS8 
14.l!22.~ 
15,114,956 
15,850,953 
16,713.573 
17,/;07>744 
:l8 ,170 ,012 
:l8,193,Q9 
19,236,704 
19,5lO,':ftn 
20,343.978 
20,894,1:45 
21,784,864 
22.314,045 
23,187 ,681 
24,620,436 
24 ,8It9 .926 

,r,,!i, 

! ,:'!:" 
,! 'j 
, I 

'Ii 
1,',1 
, I 

,I,: 
I 



• 

DNA lJSEl) II C{'~Jl'iQ 'r'a ~"!A'1'Icm at aROOS Mil) .!'m'1 
~llIAIlil: OF 1'l'lAWure '.ro ~ PEa ,iWUR. 

- - --
~elll Net C'ateil 

'!o,."'Jat<? 1'~ par iiuur 

23 11 625 
26 11 667 
47 30 2Oa2 
34 14 1392 
61 41 27se 
28 J2 l809 
21 11 600 
29 12 1113 
25 11 500 
25 11 667 
27 11 500 
37 14 1963 
35 " 24 1~ 
43 21 l461 
26 11 91.1 
31 14 1063 
18 1 267 
25 11 563 
::;0 34 257\ 
24 10 66"{ 
44 17 l~l 
16 J2 500 

, 



APPEl'iDIX e 

J'OBMUIAE USED Dl ~nmAN ESTII<IA.'lE OF THE 
l'OP1JWIOJ 'fO'fAL 07 THE DlSRORlll ABEA. 

c(t) = kN(o) + kK(t) 

where e(t} is the eateh perUnlt effort; :;ret) is the accumulated catch; 

N(O) is the population size at the time of the first sample. and k is 

the catehability constant. 

Sinee k • L:[K(t) - a.verage :;ret}) [eCt} - average C(t») , 
[I:;r(t) - average K(t)1 2 

101(0) . = average e(t) - k[aVerage K(t)] , and 

NCo) = average oCt) - k[average K(tll 
k 

, 

rl 



~IA FOR DIlIl'EmC.Il'mrG 'l'.llJ!: 95 PERCEN'l CONFIDENCE IJMlTS 
ON 'l'.llJ!: Il'ISHOiIE l'Oi?liLA.TIOB TO'rAL. 

Confidence limite onN(o) are given by the roots o~ the quadratic 

equation: ). 2[~ -le2Qaa] - i\Lldl(O)k - t2,l'cJ2 ] ... [(kN(oD 2 -
t 2

S
2Qll] :; O. where ), is the expeotad. value of - ldl( 0) I k; t 1liI the 

tabulated t .value for the 1 - 0( confidence level with n - 2 degrees of 

freedom. c22' cJ2, and on are elemente oj' the inverse matrix; and the 

eat1mated varlanoes of kN(o) and k are a2011 and ef-CzE, ~pective17, 

With their eatirllated covariance of a20J2. 



AJ'l'£tiDIX.ii. OAU.lUIATrom 0'Jl 'l'Ui!l ~lU;;;;'l (J1 ~ :IliOO.'l~m> l'Ot'OU;!l.'lM! 'X<Gl'ilJ:. li:aoM RIJI.lNl) PO'IlmlS :ml'O JOmll:lW '<iF rIlm. 

"""'$ .. fI_ 
-"", -
F lii1h :t:Qtal 

L<mgt.h 
in em.* 

2a 
23 
24 
25 
a6 

~ 
29 
30 
31 
~ 
33 
34 
35 
36 
~f 
38 
39 
40 
41 
42 
43 

" 1;5 

lf~~l Wt.t:4lbt. oZ l'otel1 Ql:_ 
of lFltIh IM.. rub of )?1!iJh oZ 

!ll(q19 * ~(:T": f;~!1lf\'!t 

IiI 60 :t;.l:O 

1 if} ;ru1 
;} 80 240 
~ fJ7 l~ 
1 101. Fro1 
Ii! 115 230 

11 129 l,ltl$} 

:i l/i.5 3.&5 
l55 'l,Wl 

1$ 115 li/,600 
~ JSI2 19,008 
00 21.0 18,400 
86 230 19,780 
67 253 l:6.951. 
49 ~t5 13,415 
33 300 9,900 
lil9 325 9,~' 
13 355 4,015 
1 38"( a,m 
1 419 a.933 
:; 453 iiI.;t6, 
1- k~90 4~ 
3 528 1,584 
:3 563 1.61J9 

~ent 
10>:1: 

J;tM)~" 
( 3· 1) . - ~ .. 

0.07 
0.13 
0.1, 
0.11 
0.44 
0.14 
0.87 
2.23 
1l.58 
n76 

11:10 
u.3Il 
l/i!.18 
10.43 
8.30 
6.09 ,.00 
2.SIt 
1.61 
1.£10 
1..39 
0 •. 30 
0.91 
1.04 

lJi!\It. ~p. Total 
1:m: Inr:met'G Al't'ta 

'l"r<llh fMl 11 It 
Ui!.o'ro,OOil 1'{ iJ 

33,6/}9 
Qa.l$l 
'12,1.0, 
!lil.Itj'1 

211,508 
61,298 

4lB,2Q? 
l,<m.,961 
ii!..aol.~ 
3.130 ,ii!Ja 
5.&4,]9) 
5,410.366 
'.f151t .9:!6 
5,(1),'(01 
3,989 ,8:u:t 
2iJJ·7,lW3 
2~100J06o 
l,3ll5.li!8 

soa,16<) 
865,260 
668,113 
144,210 
46i5A9 
499.9ii16 

O.lJOl2 254.531 
O.l~l /flO,855 
0.1'(63 %06,9$10 
Q.lS/l.6 275,600 
o.~ 950,171. 
Goa,3' 2&),4"(5 
0.2843 l,fo1l,'}!3 
0.3l96 3,354,071 
0.3411 6.41+3.096 
o.~ 9,666,823 
O.42~ 13 ,2f9 .tr(4 
o.IKi.."9 11,811.598 
o.5\.l'I'O 1l.~.176 
(U:I)7"l 8,989.960 
0.6062 6,~1.613 
0.6613 4. '6,830 
0.116, 3.~1.221 
o.yaa6 1.7!t.1j,.~ 
0.8531 941,002 
O.~3'7 936,,{)3 

Q~= 661),110 
1. " 133.503 
l.~ liOO,,s3 
1.2412 1+02//7a 

'1', M' *'11 Ill. ""''*_ _.~. tln "'I..... r l t .~.---.~-~.-~,. 

*"J:l1.1'ia 1"1"<:1!i1 U. S. li'ltlh Imil ifll.O.11ti1l E\ia:I." .. u.:.,~ W~ HoltJ, ~l1llill. ~ 
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;;::::;::;:;;:;.:;'~ .... :;:;~~=:: .;g ; :;,.-<!~'._~~ ,. - r-~":",~""""'~~~ l' ~":,'I$.~' ~ 

1hu '!\ltf;,l 
J.IiI~Mi 
lil, ~.* 

li'l<"..J,q~¥' !,IllI;i$'it of 'I'Otili.l (lJt~ 
J(;l' nun ~. Jr1~1l w: Millh c.f 

1tl ~~<lI'" :ifl M'~'" .llt!e~& •• t!!. _ _ ~1Ii1" '",1 .. 

(1~d 0'1) (lJ'lJl'l :: ili) 

~iCrmt 
of 

" • tllte.! fJii\Wl,<» 

(~, X 100 •• 1111" \ 
1(;0< ,44;' " l.I 

:i:s'l;. 1~&I. 1i1:*"el 
:i.~~l~i~ 
1~1.';:m IM.I :Ix' l~ .• ". ,* tt I~'"~,,,~ 

(J.a ,Vi\') ,001) 'l' l"'Y j;) 

I>",v;.», tif om Eat.. ~tcb. lllD. 
lrdi,."1d"""l JiJllh, ~'tl' 

!,tsh an p.,,! llq,h ~eh I.{\nr;~ ij'a'1, II~.' I ~ 

(~511~i"W il (l.!$~010 ,OOO:r1=<Xl) 
.-.. -.. --~.-,.---""""' .... ~ IJiIC _ V , .. ~ I .If.'_ .... ', ___ """ ~ t !I'" t~''''1 __ ~_""~~~""",,,,----

46 :; atr ),035 1.67 Ut)8 .90') l'l~ 611,130 
47 , &.:;,0 ),~!?O 2.00 901400 1. l:;tl'J 610 t SlOO , Jo 

~ a 6f)!1j 1,3)16 0.86 413.4Wl 1.5~ 26G,6~ 
~ II - 0 {) () - (.) 

!ill 0 '" 0 .0 (,) ~ .. 0 ,1 () • Q 0 (} , ... 0 
~ 2 003 1.166 1.1)9 ?\i!3.903 1. "\ I",' 2~,1GJ, " w!J~~*~ 
,53 a 9]2 1,l;iQ4 1.15 552,~1O? ~.1J:;;41 ~'~44 i'" ' 
54 c '" 0 0 31'T ,alJJ ~* " ') 1 t/~ l.~ u.(,6 ~~3~JiOl 134, $7;' I'" ;J 
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CAt~IOi1B OF 'i';n, :if~'i OF 1ril1I'l'ml I11,,~ ~C1'!.i\:SUil 
ny~~~L~l 

'.£'1:0 ~ of wl::d.tinS :oot cateba'bla 11,1 Qt~t$l" tHvl ~t X, 18 

!il\l1.l;l'l.l, to tha follGY1ns= 216 I Ii! JW III X I SI1.,,)60 ,1>75. VMl"iII, aooori­

ine; to \1> I.It~ by CUIl'1S: (19;:'~). :il15 I 2,U, ls tll$ ratio of ~tcha1>l:' 
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J11). 45948,. 



3' 

~t.lil>11 C"',e.rtoe H. lS49. 'fbe stalli9't1<*l. ~l1cls of ':IN,,,1-d~ d&tft.. ~.~. 
nan. soc. J 1/01. 16 t PI>. 293-3QO· 

li.lQ\U~;f.ll, ~ A.~ a..'lii Ji!'!IJ!!.'''' Jl:~t 
1;3';3 •. FiM<Ii:'1 It!.Qil~M~n ito! _~i!iI am a~l1ueat1Q11111. J'oluL wtW 

Mi1 ~.; Ir.o. $ N<l'If 'fm-ll:. 11.:t.. 47.4 T!'). 



'Z1tla 01' 'lhll)lIl:1!iU A st1li!.J of ~ ?OPIWI.'1cma at ~100e1ua bill~l!l 
(mtch1U) '01 tM U_ of the lJotur;r n~llIl!liol1 
~ at Elrt.:1m&tin,g .. Pe~~1Qa Total 

b;!.l!~l! (mtdU.U) 1 ~t1.m total :ttl#: Jul;r 1, 1956. 'nie ;J3~1 

~ ~ &li'PUed to fJ\iOiiilli!M'!:IAJ. .;t~ """~~ data :I.'rCiIlI tklo~ 

Wo ~la1W.lmtJ ~ tho ~ tor the \ll&tl:\Qd ~ ~1SOU8*. A 

~ _~w of the ~ ~u.3AU<m totU b7 Wlle at the D&I.t!l'1 

~ 'li&IlI ~ ~blJ,h '1'he l\101nt ...uato of ~ ~ :popula­

tlcn tc:rll&l (ca~lJt 'Ill ct. tl'aWl ~) as 9tJlated ut.a.07O,OOO 

~ ~. 'With 95 ~4Wt ~ l:b:!i'i;$ ;;.'f ~.500.00<J to 

6\.170.000 ~ l)O'I%Pe. 'l:'ho ~ en1!lle.w \laS ~ 1;0 n~ 

of~. $1 liIIIWt ot <lata. f"J:QIa .. Ir"~ on ~~ of wid:tm,; ~ 

o~ travl uU, ~ llO~on total fiJ'tUaats a.bo~ '.\'U ~ to 

1M1ude ii!J.l wh1t11ls ll!M~ ~ SilIaU~ ~ 6 em. ill W1"All~JI\. 



?~ ~ll"J: 45 iIio1mt V~St3.'eet, ~. ~ ~. 

~!$ _ delw to be ~'!itn'~Kh ~w:r of So1l:!1loe. 1958. 

D&t;t. at b1ni:u JllniI 7, 1931>. 

Plil.Ce or 'b1rth~ :IIoatoc. !>llll.lUI8ChmlelWi. 

s.~ ~t1Ofts Jkledlw:t ~ School, ~l:m!n. N!a"S"opsetu, 1946. 

CoUes1&to mstitut:1ou e.t~ J:;G1Ou ~ Dato of Degr;!t. 

Utal\!>taw ~cul.~ Co~ 1953-1950 B.S • Jww 2, 1956 

.. l 

Pl'.lt;.liUma 1lo1l1~ BiolOGist A1d (~) u4 Rell16lU'ca :i'.liQlQs1$$ (195') I 

u. s. ns1i a'DIl V1ll1Uf. serrico, ~ Rivw 
~t0x7 lUm Rehge, :9r"~ C1t,. Utah. 

nliherJ A1Q. (1957), 13. s. neil lm!l "l11411f$ S6rnee. 
'<iacda !!ole, *lIeaclilli\l"tu. 

GtUtllil.U APi\1lta:1t (1951 oat 195Q) 1 ZQol.os1 l:le~1l.. 
vmTWlll1~ ot ~l/i!IDd.. Co~ ~, Ma:t7l.rm4. 


