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John P. Wise November 20, 1938

Robert L. Bﬁwards[

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

Please review and comment.

Robert L. Edwards

Fnclosure




STANDARD FORM NO, B4

O]fﬁce Memorandum -+ UNITED STATES GOVERNMENT
TO 2 J.A, Posgay DATE: Jyne 19’ 1958
FROM  : J,P, Uise

SUBJECT: (bergcker's ms, on estimation of whiting populations.

With regard 0 the inquiry in the menmo of Clvde to the boas, dated June 16,
I have exomined the thesis and do neot think that the materlal and conclu510qs
are SUleClejuly sound to merit pubilication, -

Some of the reasons are thesed

1, The author admits that he cannct estimate the strength of the offshore
population, =znd his estimate of the strength of the inshore ponulatwon is roughly
plus or minus fifty percent,

2+ He discusses "catchable population' but does not define it, Novhere is
the point brought ocut that a good part of the populaticn is partially catchsble,
and partially oniy, because of net selectivity,

3. In converting pounds of fish to numbers he uses samples which amount
in total to about seven hundred pmmmuixy fish, or, assuming half a pound per fish,
to about three hundred and fifty pounds, This is less than one~thousandth of
one percent of his estimate of the population, Tt does not seem o me that valid
conclusions are likely to be drawm from so small a sample, - '

L. The method of calculating the mumbers not catchable by otter trawl
presented in Appendiz T is not valid, since it does not teke Inteo account the
selection curve,

De The weakest part of the conversion of DOLnds to numbers is in the
smeller vart of the size range, and i@t is hewre that wnormous errors can arise,
an error of one hundred percent in pounds of fiszh of six centineters is nod
sericus, but since there are so many of the little beggars to the pound, i will
be rmltiplied out cf all proportion.




STANDARD FORM NO, 64 '

O]ﬁce Memomnd%m + UNITED STATES GOVERNMENT

Chief, NAFI

70 DATE:  June 16, 1958

Ass't Chief
FROM )

— Oberacker'!s Ns."A study of two populations of Merluceius bilinearis, etc.""
$ : ‘

I believe COberacker's attached Vaster's thesis might well be published -
as o 8pecial Scientific Report. I am therefore-suggesting that ‘1t be puf |
in the hands of our editorial committee for their epinicns on the following

guestions: . _
l. Are the material and conclusions suffieiently sound to merit .

publication? “ |
, 2. General comments on re-writing for a Sp. Sci. Rept.? { I

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

A a7

deletion of some sectioms). s

: 7
(S &




s'I'ANDARD FORM MO, 84

Oﬁ%é’ Memomnd%m o UNITED STATES GOVERNMENT

‘o . Chief, NAFI ) DATE: July 21, 1958
rroM . ASS'D Chief | | |

'sUBJECT: Oberacker's MS: "A study of two populations of M. bilinearis,‘etc.“

i have just completed reviewing the commenis of the Editorial
Commitiee on the publishability of subject manuscript.- T am disturbed
by the lack of apprecmatlon of the importance of this study and by the
superflcial treatment, as indicated by criticisms of the most trivial
nature. These can oﬁ;y arise from a genérai lack of understanding of the
subject, failure o examine the data carefully, especially the graphs, and
perhaps axxxxyixixﬁ;that an acproach to population probiems other than
one blessed by Beverton and Holt is to be regarded with due suspicien.

If the manusciipt were btadly written, so that iis major points were
obscured one might expect the type of treatment glven it. It is, however,
unnsually well -writien. |

The reasons offered for not accepting this manuscrxnt vary, among 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'whicﬁ I agfée the criticism is valid)but the po}nt is trivial.

I suggest either that the manuscript be returned to the editorial
board for a more thoughtful review or thal we meet nith the editorial

board %0 dlscuss this matter.




Burean of Commercial Fisherles
Wowds Hole, Massachusebtis

July 30, 1958

Dr. D, B. De Lury

Ontarie Research Foundatlion
43 Queens Park

Torenbo 5, Canada

Dear Dr. De Lurys

I am talkdng the liberty of sending you the enclosed manus-
oript by Donald P. Uberacker because I think yeu will find interesting
the results of applying the "Delury method" to a marine fishery situa-
tion and because I hope you may wish to comment on the general quality
of the study, particularly with reference to its possible publication.

Mr, Oberacker began this study last swmer at my suggestion
and continued it at the University of Maryland durdng ths past year.
I am qulte pleased by the indications-of thia study and am convinced
that your method will prove useful to us in maldng general assessments
of fisheries for which we have available catch and effort data only.

Sinceraly yours,
€lyds C, Taylor
Assistant Chief

North Atlantic
Fishery Investigations

Enclomare




A STIDY OF THO POPULATIONS OF MERTHCOTTS BILINBARIS

(¥TTCAILL) BY THE TSS OF THR DELURY RECRESSION
MATHGD OF ISTDATIRG A POFUIATION TUTAL

Y
Dommid Fetors Cherackey

% Presis subsitted to the Faculty of the Craduate School
5 ' of the University of daryland iand in partial falfiilment
of the requirements for the dagree of
Magber of Sclence

1558




e autbor wishes to thank I¥. Howard ¥inn, Agslstant Prolfossor,
Tingent Sehwlbs, Associate Professor,

Appiculiture Experiment Stadlom, Iow thetr helpful counsel in the prep~

aratlm of this menusaripb.
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DIIRITIRION

An attempt is malde In this paper Yo sotimste the size of two popu~
{eetehill), mrincizally by 2 mothod
proposed by Delury [15%7) vhleh willizes catch-offort date.

mblone of Boglngoive billnsaris

Fariy in the twentleth century, Marlucelus hilinsesd

f£ish somronly callsd “whibing,” wos uaed slmost mutively ss o fmriilisey

nical to zrevent apollape in oider to gell the fish

as focd, Bud with the lzmpovsd Secipigues of fressing omd presparing
izl now aveliisbls, botd o chip end shore, the whitiag has become an
inorsdsingly Joportant tabls fuod flah. HBoat of the shibing now caught

ays woed directly for humen conmuaplio v congtituent

im the United Stotes’ osoomosm
The mejoarily of whlllag now caught off the norilosst comst of the
Upited States come from Ywo syess. (mo of thecs aress s an inshors area

tite, and the oller iz an oflfchore
area {Fique
1}« 3ver since vhitling Bave heen cought in the northwest Atlandic, 21%s

areg uiloh lles approximetely 30 wlles engt of the Inshore

dsamnd for the whising has the offshore ares been wiilized as a fishing
1% zaammam%hawmm@fWMsawmmmw
affohore whiting populaticns asi ihe extent to wiich tho sopalaticns ers

actually belng exrploited In opder fo mroperly 2enese She whlling fishery.
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Map of the northwest Mlantic coastline showi

65° 60°

ng the approximate locatian of the two study sreas, inshore and




This paper iz an sitompd to Fulfill the abeve nesda Dy uss of
Deluzy'e mrocedure of puprlation sgtimmibica from cuteh-effort data, a
npocedure which has Beon syplisd by varlous fishurlss' diosloglsis,
Yoktloy {1045) used 1% on orsel-congus data to satlimbte o population size

of ralndoy trout, Salmo suindneril, io Panl Iske, Hplileh Columbla. %he

£ish pogalation nizes in thras lziss 40 dhe Province of Oodario (O'Reilly
Inie, Davora lake and Littls [aks) vere studlsd by Owand (1951}, who ey-
viled the procedurs o daia on osichos of teo) nots. He estimabed the

population sizes of the following species: blsck hses, Hloropterus dol-

odeny pevah, Porea flavescina; bBullheed, snlosrus nsbuloeus; aod gucker,

Catostonos sopmerscmndi. Hebohen (1993) used 1% in coubination with an
azfonsive tagsing sthady o sshipmbe the poemlation z2ize of & stoek of
lwmon sele, Deronbrys vetulus, on ibe flebling grounds of Dscate Lirsight,

British Cohmmbia. The eizs of a populstion of redear mafish, lopouis
micynlophns, was estimated by Goriing {1092), vho used Deluyy's proceduwrs
with dota from twep oolches of Dopdy lake, Indizram; the sethed wmp tegtsd
sgpinet other sethocda {Patersen and Sechnobel) of ssbimting a population

total. The agre

ament with thees sethods was good. Yormey {1557) used it
5 epbimte the populaticn aizes of the following fish Ia 12 nocde iIn the
State of New Yorin white sueker, Satootomus

srasresmnll; flsthead mime

new, Pimonhsles progelass and silvery alancw, Jyboomnibas mactalis replus,
Yormey chtalned his data from succesaive soine heuls, and he found that

the population aizo sstimstan by the Dealury sathold wers zonsrally lower
than the true porulasions, which were determined by dreining sod counding.
The method nroposed by Dolary depenis upon the Inot that the da-
orease in ihe cgbsh per unid offoot as fhe momnlation Dheccses deploted
eara a direct relatiomshily o the axtent of the depletion. The fishery



muet barvest a significant proportion of the populaticn for the method o
he spplicable, as 1t depends oo the ability 4o maks & good eatinate of the
mga of the regression of ¢ateh pox unii offort on scoumalated catch.
ﬁm & vory small pmmt:&m of the mh&.ﬁmiﬁm by the fishery,
m'samisﬁiwmsmmﬁamnawmwwsamn'
dous 41ffarence in the polint al vhich the molsction aé‘ the regressicn
line intercepts the x«mé; this interssoticn is the estimate of the tolal
populabion size. The relationship betweon cadtoh per it effordt and
scoumslated catch propoged by Delary bolds trus only 1f the folloving
asgrEpbions are satlafied: {1} patwral mortality, recruliment, and mi-
gration muet de nsgligible dwring the pericd of etudy; (2) mits of effurt
eaployed dwring the sazpling pexicds musd nol compete with ome another;
azd (3) the proportion of the populstion taken by & unit of effort showld
remin constant (Rowmsefell and Zverhars, 1953).




THE DETURY FROCEDURIZ Fom ROTDMATING FOPUIATION TUTALS

The method of cotimablsg & population size as suggestied by Delary
{1947} roguires data by 3lmo reprlods of the nunber of {mdividuals caught
and the smownt of “"sffort™ oxpenisd In vapturing them. Delury {1SAT)
aiabess |

"It will be assumed, then, that cateh apd offurt records
aye availabls for 2 series of conseoutive time Intervala.,
The aamh for & piven Llzmo Intorval, spseiflsd by %, will be
dengtad dy o{t) and the ccyrresponding offort by o(t)}. The
cam voer unit sffors for the time lntervel & in then (%) =
a{s}/o{t}. How, am a pomlation becomes depleted, the walue
ef ofs) @ﬁmm desrensrs, and the emount by whick (%) i
diminished reflocts tha sxient of ths devlstion which, in twrn,
deponds on the tWtal catol and the fotal offort. This qualie
3ative ghatemsnt Dny be mods guantifstive widsy anitadle ag-
sunptions.”

The Pollowing assuastions sre mads: {ET} the popalstion resaline
olossd, that is, offects of migraticon and mﬁmi mortality are osegligl-
wlas (B} wnlte of eifort employed during intervsl ¥ do not comnede with
one anothers and {3) the troportion, X, of the population capbured during
the hime Interral t by one umit of offord ramalins wsmm {Dorury, 1947).

If we deslgnete the populaticn size ad ths beginning of the etudy
Just befors the first catoh is made by Elp), then the cateh par undt ef-
gm, o{s}, at the time Just before the first catch 1s made iz Wi},
1.0., C{t) =.3{o).

If we Tot X(t) reyresent the mumber of individusls removed from the
popalation uo to time %, then the vopnlation at any time 4z Ao} - Z{%).
Za & 1ike W, ¥o BEY 2180 renrssent the m’tﬁhp&r snit offort, C{t),
% any time se 5(%) = x[3{c) - x{s)], which may be writtem

o(t) = mlo) - k&(2). (1
5




I8 wmives of 2{t) are plotied egsinst Z{b) snd the relaticnship baw
tween 00%) and E(3) iz reascnebly siraighit, cobimstes of z ond B{o) follow
ab snos Dy fitting o straizht-line regression of C{t) on Z{L) to the daia
sl neing 1% $o ozbimate k, the siops, and EB{a), the intercent divided by
k. Detury {1047) presents the mﬁ%& mathematicel derivation of fore
mala {1). |

3% 35 possible to voltpule approxlsate coulidsnco lladls for the pop

¥

uiaticn 9&%@*&3 , B{o}, by & formula resented by Delwry (1551).

It wme decidsd thad the above moibod mizht bs used 4o estimales the
o popalaticns of whiting for the following pesacns: {1} cabob-effors
dase were avallable from the fwo srsas by bims verisds, sxd (2) tapming
studios wede by MHr. B, Lo Zrilts of the U, 8. Flab and Wildlils Jervicae ab
Wecda Iole, Haozachusstie gave no indicebdlon that amlgwration ocvcuwpresd dur-
and Jeptember of 1997, timg apparently
tiafying ene of the asewaptichs for & closed populaticn.

ing tha oonths of July, August




ARSAB AYD PERTOD OF STUDY

Boundawies for the two study creas sere dotaradned from commercial
iending data om whiting. It wes found thad the tulk of the whlting
 Zpom the Culf of Wa&m& from the tvo areas wo shall call “in-

shore” and "offshore” {Figare 1}. Bigelow spd Solvoeder (1553) steted
taat dhe southwestorn part of the 0uif of Maine, which $3 within the in=

shore pred, was the ohiel cambor of shudance for whiling. Comsercial
snding redords showed that 1t las wmly besm In s last soveral years
tat the affebore avea Des tean fished to any great exbent. Cuwrrently

re aros contribubes alnost 49 much to the total m“&m@ catel
saol yoar as the much zarg@r inshors area,
The eastern boundary for the i

wilos off ths oceat line, and the nordd o soullh lsngth of the areas is

spprozizately 100 uilles. Mo sigpificant catches ere recarded betveen the |

w0 avroes, o distance of aboudb 30 miles. Thse dopths of the uabsr in the
twsmywmamwym@amiaﬁ L0 fathoms). The waler
doplh between the two sbuly eress iz abous 70 to 50 fathoms. The offshore
8106 comprizes mpproximately 2,400 squere siles, 9 cowpared %o approwde
meialy 5,000 squars ailes 2o e inchors srea.
mmwmwwwmmxﬁﬁmaﬂ,wsﬁ. The
mwﬁsw.ﬂmmmmmgwfwm@mwaa@mm
wore svellsble, The perfod was eelocted 23 1% 19 during this time that
the buik of the whiting ars Iandsd fron thess two avess, Alss, mlgraticn

aors popaiation is approximetely 90




is aygarently ot & mindmm durding this pericd 2s the Tish aze on ths

o grounds. Blgolow and Selwosder {1593) otaled that the wbiting
in the fnslore arsh ave & sudmer Tloh Dired appesring in oalches in
surly syring ant greduaily dlseppearing in late fall. I3 42 not luowa
dafinitely vhere the whiting migrate %o in iste fall.




Catvieifort data wera obialned fron obler travlesrs ublch fished foo
whiting in the stuly areas. ¥With the utber Srawl gear, vhisk 1s dosigmed
forr potbom Tishing, the fishermen aye gquile pwoficlent al calching the

wuse the whiting ishabih the botiom during the daytims {viich
1% tue tive the whiting fiehermen £ish). Upon resching port, the captain
wd by U. 9, Pieh and ¥1l411%s Service pev

senel, ¥ho meoord
the lafureation ons (1) dats fished, {2) muber of hours fished, (3} la-
suticn of cnbches, apd (%) the Pobal weight of the calsh ab pors.

By viswal inspection of ibe sbovs intarviev data, it weo epparent
Insure copparelle peapling pevicds coneisting of siaguate dala, the etudy
periol vas divided into Hiree-iay segmenta.

A cusulative total of the number of fish ceptured up 3o, dub ot ine
sluding, sach ssmpling peried, X{%j, w@h@r@m@ for sash avrss vhen
asiug Delury's [ocedurs, The interviewors do nob obtain infawsticn on
all tue imividial satehes that sre landed

25 some onbobse ore lenisd on

kolldaya or Iats at alght whon e fubervigwers

4o mot work., Howsver,

the . S, Pish and Wildlife Service doss obtain infaevedicn on total lani-
ings from dete whish e compiled from momthiy records of pland owpere
{zoople vhe buy m gail wvhiding) . They inclnde all the whiting lawnied,
exveyt thogs used for animal food. By sudirsciing the intsreiever totals
from ke plant wener Lotels, 1% wes poesibls 4o obials {lgwws on thw

ot of 245k nob reserded by Lbe interrisvers.




»

Theee figures sccount for all the Whiting caught in each stuly ares
with the sdovs monthly total eatoh figures, s figwe is avmilabls for
the mnthly total pounds of asisal food fish ocsught, dut this figure in-
sludes weversl spocies of fish. Information, fyom a stuly deing cen-
ducted by Dr. R, 1. Rdwaxds of the U, 8. Fish and Wildlife Servies at
¥ools Rols, Massschusetts on the safmal food fish insdwstry, vas obtained
on the percent of vhiting to the tolal asount of the sntmal foed. This
soxted in Appendix A,
whiting and round vhiting. Rounl vhitisg includes the emtive fich as 1%
1s taken from the vater, ani dressed ¥hiting 1s \bet vhich bes been evis-
corsted and behonded. Bocnuss most of the fish were slaseified as round
whiting, this eatogory was used te desaribe the fish weighed, and the
avevs couversion was possidle Desause stwiies at Woods Nols, Massschusettis
by the U, B, Fish and W1ld1ife Service shoved that, on the aversge, the
round welight of a whiting wes 1.67 times we heavy as the dreseed woight.
Gomsequently, sach dresved weight figure was multipiied by 1.67 to eomvers
1% o rowsd pounds.

In most of the catchee in the inshare ares, Sore thaa cme spesise of
£i0h oocwrw. Eimply by & selechien of lecality, type of bettom, depth,
and by modifying the operetion of the voamsl's net, the expsrienced Tiah- -
orman 1s onpable of influenaing the proportion of the varicus speaies in
his satch. Only those oateh records from the intervievs in whioh at least




70 nercent of the oalah for ths trip was

to compate the cateh por unid efford dals. This decisicn on the bund)

of the pized-cateh prodlen wne puggesbed

ron 3 stly made by Zstchen
{1553) , vhers a similar pitusticn cccmrred




& totel coatoh Digwre I emch thres-doy parded, o), woe calesjoted
ng nuebar of howrs requived o malks the cateh, o).

Pleuses Z{0), vhich reyressyd 811 the whiting rowoved Ifrom the sempling
CoEres 0D %o, bud pot lncluling, the tine of ensh of ithe itlrwe.day summils
periads vere recoried.

Fugpeeiion of the intervier Infovmabion yevaalsd that the ecome vis~
%}&m 458 st Dizd during seck suapling pericd, Iy plobiing the calch por
mouwr of pevsral veesels 1ndividually, emob sgainoet e total ascummiated
eaboh for all vessels, 1% W8S soun thal Shey Q4iff«d conpidersbly in
their catch per hour {flehing power) for the shme time porieds and locas
ticn {(Figere 2). sccording So Gullanmd {19%6), chances in e
of thd Fliset will o refliscied In chengee in the averase Tishing sover.
Belinatos of offort, and oaloh per wnuld offurd, basod on nasurpdlions of

gongtant fizhiag power, will therefove be dlghorted, Oulissl slso siated
that the fishing power of trawlers is glogsly corvelsbed with lengdh of
reusel, nob tonnags of vesssl, hovee power of vsspel, and gross tonoege
of veasel, ISo adis that the powey of engdme Pitied to s yarticulsr size
uf veesel is nol lllely to vary over a wide range oo thed, subject o
saniich, rops lemuage zay be teisn s o-zingls Indeg of power. 1o goyoss
Somings of 2 veemel 1s the ioturasl cuble capselty of 211 space in and on
the vespol wiich i permanondly onelosed {100 eublc Poob defined a8 one

groms ton). The net toanags of A veesel iz the ressisier after dodneting

3}&




13

N TRAWLER WO, 0275 TRAWLER ¥O, 1715
B -
3¢ " .
» - -
- L™ ‘.. 5 Ty - "’ _—
0 ; e ey~ L - \ . ; T — e

TRAWLEH NO. 3030 . TRAWLER NO. 0370

1IN ROUND POUNDS
4
L
[ ]
.
)

0 l I . o i
™
1 ‘
Q ;
L .
¥4 TRANIFR ¥O, 1170 M AFLFR ¥O. 2410
= 5T ' S
© -
3t ?:TM_ _________ '
- . ' .
. D“c.o . “
» ... a0 '~ _____-—- "
0 ] ! Lo —— 4 L L 3
s TRAWLER N0, 4745 l_ TRANUER MO. 0820
-~ L]
')
L]
a
.
L]
» . Y :O.. - ™ -
i 2, e i
0 10 20 o 40

x(t) X 1075 I¥ ROUND POUNDS

Figure 2. The rg%atinnship of catch per howr, (%) X 10“3s %o the %total accumulated
catch, X(t) X 107, for each of eight different otier trawlers in the inshore area
during the veriod of July 1 to September 28, 195€,
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Peom dhe groen toensgm of the vougel ihe toiminge of crww spass, masburs'

sintions, mavigation apece, allowasse for iposelling powor, oig.
Inls were oblained om hovbegower, ast bonnues and other clugmcier-

{Ancmyeoua, 1697), and it wvas fonnd that grosa

dehics of the traviers
tompmge voe Bk bead Intlenlor of Plohing pover (Pigure 3). The corroline
tion cosificlante for caltel per hm:r syl the verioun chavecteriziics of &
$iphing vessel which algt mﬁ”lﬁm Fivhing pover wars mg,vm&. Hat
tammmge {r = 0.02) 20d gross tomnege (p = 5.02) wers the only factors
that exhibised an opprecisblo correlation with catoh per hour {ippendiz

The groos btonnaps of suoh voezel wes muldlpllsad by 1%s houss Tisbed;
thepy resuliing Mooen vers T porled fnto tooe-dsy perdeds {by dates
Plotmd}, and o tolnl fonebowy Digure wme conputed fop ssch three-dsmy pere
103, Iikewlce, Hhs cobol flmwes In oned three-Say poriod wera suzmed in

ordar to avrive ol corresvedng Ywee-day voried calches. ombeh yer

wnit effort data, O{), erprensed as cateh per ton-howe in Sals sbudy,
wars gloulsted h;} Sividine sach ol three-dny roriod ﬁﬁ“fm Plimre
imko iha wmemmg totel thrso-dny pevicd catch {spperdix 4.

The vatoh per ton-buar dota fPom the lonhows area were theon plottsd
grainat ko agvumnizted cabal dols, repulting In 8 falrly gool strslphis
iine regressicn of ostch por Wom-bouwr on sooumulstel catch {Figoes b).
Tham, 1% apneared that tbe daia wers sulleble for wee In a posulation
eize eptlmmbe of whiling fecm the inshore sres by ues of the ﬁ‘mmza g
gested by Deluery (1057). 1% showld De noted Wat a m;gh sghirmbs of s

popniakicn alze way Ve ohialinsd a% thiy tims by simply fitting o sizwight
Hoe Yy gy o ihe gradvhed dote sl esipapolpling the line to ibs z-axiz.

e ssblmetod population Soial iz 8% the 2oint of fnterssution wievs,
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C(t) IN ROUND FOUNDS

0 1 2 3 4 B
-KEE) € 1677 Iy BOUND POUNDS
Figure 4. -Relationship of catch per ten-hour, C{}), to the tofal accumilated cabch,

K{5) X10" ', of whiting for the inshore area during the period of July 1 te Septembar
<8, 1958. .
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Figure 5. Relationship of catch per tom-hour, G(t), to the total accumilated catch,

R(t) X 1077, of whiting for the cffshore area during the period of July 1 to
September 28, 1956.



k)

theoroticslly, the cndire vopulallon yould bave bson saughb, In other
verds, 1% 12 an exdlmnbte of the calebable pupalation twial of whilting in
Shs in

showe area b the tims of he Tirst sample (July 1, 156).
A peint estimete of dw whiling popnlabicn size in the inshord

vae ealoulated to e 58,070,000 round pounis (Avpsmiix ¢). The $5 perecent
eonfifenoe Lmive for the ssbimde of the population nlze iz 35,500,000 to
8% 775,600
uls presanted by Delary {1551}, which 1o presentel in the Appsndix :

round pounds. The confllence Uplis wers caloulnted by a3 form-

In orelsr to convart thees ebove Pigurss 0to nusbers of Qlsh, lsngth-
welcht relutionohly stulier amd lensin-froynency shudies, which vere madle
By Yo 3. Plah and Wi Sewvice persamwl &b Weods lole, Fessschusetie

wert oiilizsd, Those data wors ohiained Drom wihiling baksn duwring July

af 1958 in the fashers mres. Th0 lomoth-frocuency daia wers comverted o
wnishd-Coagnency dadn by the vae of these langihewalsht relabliooebip dete.
The sbimaded opelation value-was then yroporsionsd into d1fferent welght

slpsses o the Suels of ese date, aspuming thal toe senviss rupresexded .
the population of whising

in noonde of the vearicus length ¢lasess of Zish, vas dlvided by the weight

the sopulstion. Each Digure, vhich repressnded

o sa individual Lish iz iie reepective lsngth clases This resulied in
astizntos of the muaber of indiviisal vhitling in each

mpbl clase in the
populetlion. These wors suomed in ordar to obiain » figure vhich repre~
sented the tofal popalatisn eobivets in mshers

aff £igh., All the abows

e oy given in Appendiz 2. The nopulatlon satlcede end ite confie

Pish. The point cebimste of tho vosulation size wee cmlowlabed to be
31,560,475 vaiting and the 95 pavcont conillence 1Imiss as 65,710,000 o
151,560 00G fish. I% muat bs nofeld fhmt ths mbove romlation estimptes
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2o sondidonce 1iodte refor Guly to the populsiiom of 2izh ontohabls by
oober teawl goar.

& whuly vee zals oo the sscapsoent of whlting throeh the “"ood” ond

of 2.5 inch mes obter trewl nets. Thls study was uade frem catcbe of
the inshovs ares (Clark, 1954}, and from thia 1t was poesidle to ewbizede
the porsent of the popelablon thab 1s not cuughd by the note. This stuly
gives Infuswation on the ssospensnt of whlting dewn %o Sish of 6 ¢n. in

total limgth. 3y use of these dala, the estimated vor

i

% %

tmblon alze waa

sdjostsd 50 inolude all fish wrowpd those mwllor dhon & om. tetal lsngth
{Appendix Fi. A populadicn nolnt esbiswds waw then calonlinbed to be
300,915,358 witing, with ¢ lower and an Soper 99 povosnt oonfidense 1isit
of 72,580,800 and 177,502,532 wilting, reapootively.

ks were oo% arellsble Lo aoe in this otuly on whiding coughd in

txapa do the inshove aves. The botal) trep catoh amowded o 743,271 round
roals aksa dwring the mﬁnﬁ'm 1, 1596 %o Sepbemder 23, 19%6,
Thia wap

cateh wae not conpidered larps sowugh to alfect the popmlabion
sphloals caloulations to any appracisble axbtend. Az the trans coptained
a different wmeal size net than ot of the obtor troileve, lo upe the trap
mat data otwrectly woeuld sresend 3 very touplicatad meoblom, as the Yraps
ars satching pextd of the trawler popuiation ool part of ancother that ls
o coaugid by the renlers.

Satel per ton-dour dals g accumnlsted catch dats were alsy obialined
for the offshore sree {(appendix §j. These data were plotied, and fron in-
gpoobing of the graph 1t oag shogrvad that Yhsre war o0 inxdication of a
abeady dowmvard sioping ldnetr rooressicn Srend as w3 rasant froa the
dade of the lnshore avsa {Plawess 5. r‘ifmz%, an seblmnts of the populasicm

size oewld aobt be atbsapbod.



DIBCUSSION

anghove areat The desrezse 1n the catch per ton-hour in the insghore
ares e¢ the scoumulated catoll increases dcen not ssem to be the remult of
& chenge in ibo awmber of fishlag boats, & histogrem of the puber of
vessels Tiehing durdng sech bime peried iuiicates no corvelation with thab
of the cateh-affort data of ke lnshore arss (Figave §).

The Scwnwerd regression of catel por wnlb offudt wn accwmmlated catoh
PTor the inshore area indicatos that tho sethumetical medsl is adegmode. I
other fmctors than theoss cunpidered In the derdivaiica of the wmathemabical

2 in the catch-oifort
Figwres ss the ocoumalsted catoh increnses, then the sffect of ihese one

cr pove factors mast de faiviyamifarn, According $o reccris of the U. S
Fizh mnd Wil4life Service ad Foods Hole, Nasus

'j'-w}-rr,:s- R Sune ﬁ; 135? !
and Sevtember 13, 1957, 697 and 183 whiting, reapeckively, wory tazzsd and
ralsesed in ths i

shore @7oa, and there was a 7.6 percent and a 0.% pevsent
tag return, reepectively. All the faga were collocted Irom thw inshere
weems thus, thess :%.m 40 o6t gl any inddcation tiat the wiliing ouve

vut of the ares during the ftime of yesrr thad this stwndy wms conducted.

The tage wors velurned Juring the menils of June, July, August, and Sope
tenber of 1957. I mlgratien, a9 well as flstermem, 1o redweing the pope
winbion, ths Plobted regressicn Ling o the dnts wonld thus bavs a groeter
giope hma 1 should aave Qo o irme populstica estinats using Delury'a
arocedwre. Tn otber words, the jopalaticn size as of July 1, 1956 weuld

o
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ﬁ@i&%mmﬁ%aﬂw&% to a fizod persentage of the
popaintisn aigﬂ aﬁaﬁ%ﬂmw, then the greph of ihe inshoze data wonldd
iﬂiimtaap@mmmsiam%&mtﬁmmmumw
June 1, 1956, That is, thave 'w:%&bémmma operating to reduce

the mumber of vhiting in the Inshars ares. I the empunt of emigrat

13 zmot comurling ascuncding 4o n fived percent ‘,.; of the rauther w'mw

in the ;mgamﬁim a% all Siuea, Dub by eowe wmﬁm% GRS, %m the ro-

Wwﬁm Iins ::f cateh por unlt effort on ecs ated cabch would tend to

Hathiy

In the othar cass, 12 wlting vere Imsdgruting %o
tﬁw inshirs ares aosording Yo 8 Tized perownbars of the vopulation size
a‘éﬂ};}. times, then the graph of e inshovre aves (¥ igurs B) would vemlt

in oo owspsstinebe of the frue pomulation size, I fnmizontion ware nob

sovurring accordlog Yo some fized percontage of 150 povalation size of
mount, Guring the peried of
thia shuly, then the graph of the inshove debds would be cuzved upward.

whiting at all tizes, bub o sooe constant @

Wit both izmigoe

bion and emigrabion seoourring, %o greyh of the inshope
dads wonld show 2 pogresalom lins scpevhers betwes: tinb of the Lwo ax-
tromss of migrebicn discussed ahove, depeniing upon the retiss of fimi.
gration and emigratica {Estshen, 1553).
?twmm%%ﬁﬁmmmﬁmﬁaﬁmmtimia
| noh wi than only if lemigrst

would the catchabilily remsin cemstant

o sgual the tree catshability.

Bud tegping retoms Indionts thal migration indo or out of the stuldy arweas
iz not coourring dwting the pewricd of this study, althoush data for thls
nadequate &t this iime.

are: vary I
Asaencs of cwrreture 15 the inshore data (Fizare 4) sy be regerded
as gxiving copglderabls supnort bo 4he acguaptlon that getchebilisy iz



constant; eltbough, the convevee of this stobement 15 not twrus. Carves
ture oy arize from cnuses othsy tlan varisdica ln calobadility, like
recruitosnt to the populstion. Theve iz zo way in thls stbdy %0 check
the esewmpbion thet the cabtclablilily remaing constant, AL the jresmnd
Hinn, we koow 1A0tle aboulb oo

. of Imsuriog that caboheBilisy shmll
Bo sonstent (Delwry, 193%). | |

Tifehwws grem: A for the 2nmalysiz of the saboh-olfort data, the

ciiahipy pomalaltion oresonty o 458 0spent piluaticn, 1% avpesrs thol the

assumptions are not 7alld or ihet the calchss are nob being allyeted by

wreceding onbobes, which indlealos thab & very small twopow

=

f3om T tha

offphers popalation 19 hedng 08:gt by the cumwrelal fleet., I we can
soeume that thevs wers no serious deviations frem e wsswssbions, Shen

t would soam thadt fhe ofishors populadion must be lmrger than $he inshore
popalatizn, oo Pie tolal calshes Trop vach aras aro Mixly sladlar and the

catshes frop the offshore arsa ars nob -baing affscbsl by wroseding catohes.

The main differemos in the seount of whiting telen from ouch aves iz thed |
mosh of 48e whiting fron i inshore sren wers ohisined during thy sonmbhs
w8 a&lg, rugnath and Seplambey, waoreas in ihe offohers area, tha whlting
vore asploilsd o8 a mere undfors rate oo serly sovling inbe tho fall
{¥toume T).

on July 18, 1997, a iota) of 1,098 vhlting were tagesd and pelsased
in she offzbore ared by U. 3. Pish aald Wikdlide Service parstuml ab
Henda Uole, Hansachusetis, sud there wao & 5.1 parsend veturn of these

¥ Sag pelwms ompe Irva within the offshore aves dur-
ing the zontas ef Jaly, faguet and Yapsenmder of 1997, whore 1Moy were
Pilrat roleassd. Thoz, his prelindoary ‘&agwingﬁ mformabion gives oo ine

.....

Aiztion of mippmtion hawing faken place; hoversy, the iagsing ohudy ls




a3

vory ioadequate, VYhatewer Inleroreiation iz placed upis these data, 1t
should bo with greald cautiom.

The gunshant calehability ssoumption made may 1ot 38 vwalld as indd-
chbed by the dnta for the offchore aves.

are availabls oo the spawning soasen fm‘: the wniting i3 the offzhers |
apoa, iT i% 1s sizilar to thst in the inshore &res, Jwne to Octoder with
L ponk a0 July and Auemel, the grapk of the oftrors — {Fizare 2)
®ight be intervreted as followa. Thers iz a grodnel conoentratisn of
wiibing frem within the stwdy aren dveing the spewming sesacwm {which
would wake the Dish mors wulnevebdle o obtier tvrevl nets), and then al
the end of the spewdng souscn £ sudden dlapersal Sakes mlecs wilhin the

stuly area so that the £ish would heomme move A£2910ult %o catch.




CONCITBIONS

Tha daba fron the Inshers zoen indlond

o theb perhaps this pomilabion
wae Tiohed heaviiy during 3056, For this remeon, the inshore pooulablon
gl Do abedled Do sovemnl yews in oeder 2o dobirmine whelher o b
thore g overdishlng,.

e polnd eatlmate of ¥he imshows popilatios total catohaile by
obtar trawl geew suly for July %, 15 s 5,070,500 rouwnd pounds, wilh
9% percent confilenss 1latle of 34,300,000 o 85,770,000 yound posmis,
Hith the ghove ligures coovarbsd into amders of fish, the seint eotinsie

of tho loghore popalablon total catchnbls by obier Toawl peer 2nly bo-

was 51,560,000 Sish, with 9% seesant conflisnce limite of 85,710,000 %o
161,480,000 £ish, 7 |
Tas soint sabimie of the #hiting porulation total for the inshore
atrem Tt Inslwles Qll e 4k In this gpopulakisn arsepd those emaller |
Then § am. 45 300,911,332 Sish, with 95 pervent confilemte LwiTs of
TE 580,000 to 177,959,591 fizh., ALY the above sebimados as %o population

zizy avw pellzhle only 17 the Yollowing assumpilons wers roaionedly waild

ing the pedad of thia studyr (1) the poralabions wers clowed, (2)

the walte of offort 432 nod compede with one anotior, (3] ihe rromewdion

of ths jomistion ogpterel durinsy sech sewling pevled romined conwfand,

ad {3} the data ad.uwtoents wivs roascmably welid, Tardler otudy of

Tiene anmmpbions is nesfsd Yefors v oRn Yo sure Thad oo sopiladion
pins grbizates ave Toliladblo. I35 musd e vsalliiel Wb these 2atimates
are weohahly dalmis astimsdes st bend.

a5




iasion, one iz lod Yo the somelunlon ool thls populniion mwed be larner

z‘;m the inshore wowulsblan, and %hat ths sommoreial flaed i nod bags

wﬂm o2 grent s peooserlion of the ofizhove sopmlodion toial of whiting

g they #ro of the Inshore yomuisbion Sotal.

i7 mipration can e seffely silsbmted o3 having an indluentisl
eftaob noon She catah-slfors stabistlon, then the lnmhors Fighovsms, 08

for oy whiting are consernsd, took n lavgs mwoverilen {(sprreximstely 30

neroans) of the popalabicn Solal satulable by obier tvssl geor W morkeh

during duly, Sugust and Soplamber, 19%G.




APPEIDIX &

DATA USED TN ESTDMATING THE WHITING POPUIATION TOUTAL FOR TS INSHORE AREA,

gateh

gatoh par  Accumuladed

Jily 1=3 13h6 5 R
2618 8k 730,840

3393 51 1,607,810
&0 2,406,701
39@9 a8 3,21, 801

1 &5 5,893 k1

- 2740 &g &,007 806

2317 T0 7,195,554

2045 &7 8,2k kb
2635 81 9,524,511

1676 =4 10,010,547

2168 665 11,860,764

W51 55 12,943 ,627

1189 38 13,648,468

1002 38 1,522 002

1149 38 335,11&,9’%&

1306 48 15,850,553

L1886 B 15,713,513

1239 53 17,407 744

967 32 18,170,012

. 1066 3 18,793,689
1215 k) 15,836,705

101 3% 19,810,527

1623 g0 20,343,978

1386 48 20,554,845

1179 39 21,755 86k

13¢5 ah 22,325,085

qaz 31 23,187,681

. 2h52 a7 25,620,536
Seph. 26~28 1012 : 13 24,840 925

25




ATPARDIR B

DATA DEED 1§ COMPUTING THE CONRSIADICHS (F GROOS AND NED
TOHEAGE QF TRANLERS To TG PER BNR.

Groas Hol Gabeh

Tonpaga : 3 ? par B
23 11 &25
26 1 667
%7 3 2022
24 h 1352
o 4 i

1
21 ;é _ &0
29 1113
2% i1 =0
2% 7 et
27 1 )
T B * 1963
35 - 2h 1hills
53 21 . W61
25 11 917
31 1 1683
: k .
5 _
ot 34 ) 257h
2k 0 867
. kh i7 181
18 i SL0




APPERDIX €
FORMUIAE USED IN CALCUTATTHG AN ESTIMATE OF THE
POPUIATION TOTAL OF THE ESEORE AREA.
c{t') = xifo) + xX(t)
whax'a c(t} 1s the catch per, ‘anit ef‘fert, ﬁ(‘b) i the accumlated cateh;
#{o) is the population gize at thae tima of the firet sample; and k is
the catchabillty constant.

Z[K(t) - ATerage K(t}] [c( ) - avama o))
' ZIK(") - Bverage K(t)l

Since ¥ ®

ki({c) = average gt} - lc{wemga ﬁ(t)} , and

H(c) = average g{t) - xlavernce E{t)]
x




APE D
Fﬁaﬁﬁla.ﬁﬁﬁ DETEEHIHIHG EEE 95 ?ERﬁEﬁT COHFIDENCE AEﬂITS
ON THE JINSHCRS Pﬁ?ﬁIﬂEi@ﬁ FOTAL,

Confidencs limita an.H{d) are givsn by the roots of.thé‘épédratic
equation: )3-[&2 - t‘?sggaa] - sa'}\[lmtajk - tgaacle] ¥ [(m(@) 2 .
tzaecll] 3 03 whaere A 13 the ax@aéta&_valna of ~ K{c) / k; % iz the
tabulated t valus for the 1 - o{ confidence level with n - 2 degrees of
fraedomj Cps, Gyp, and cy; ars alemaﬁﬁs of the inverse ma%rii;.an& the
sstimated varianoes of Ki{e) and X exe a‘i.n and 6fen,, mgeativaly,

with their astimated covariance of 32932:

29



APPEDIL 8,

CATAUTARICHS OF WiIE TeAOPaR O 48 ioTINATED PUMILATIOH TOLAY, WM RGE

Fleh Tobal
Longli
in W

Froguency Velght of Total Gians

of Fich N I&&L ?iﬁh 0§’ Fif&h i‘;%f

31

33
3%
35
36
3t
36
39
ko
k1
ka
b3
Lk
ks

a2 b mww-&ﬁ%&%ggg%‘%ﬁ%; fmd Podasta B0

B EEEEEBEEsnge |

ol
gg

WG
58
563

J*"'uﬁ

13& i"

;5539

¥pata feoes Y. S0 Plad ol WILA14L0 &3{“%{:@ » Hoode Hols, Bass.

i POUTHDS TR0 BUMBERS OF FISH.

F‘iah, Imhw&

Bet, Yop. Total

fv.m ;mhﬂ:m m& mﬁﬂﬁml




APPREDEE B {eonbinued)

Fileh ‘mﬁ;&ii Frogasoay  Voldpht of Tobal mw Papound o Pop, a"z&% AN Welsht of sa  Fab. Caltchs Ho
Tawtig s m’ Fioh  ind. ¥ieh of ¥len &i ot x""m mﬁh@m AP Mrﬁ.&.&ﬂ@ﬁ Figh, Ielooe
in o2 in Seaeis™ dn Cemsse * dach Toosth sted Demris Tpan, oe ia 1 Fish 4y the, Pap, Saeh Tenokh

EEN (h) Gty = w {%w" Tty)  (H0,070,000 Bysty) ir«@ Ea) (48,070,000851y)

46 5 Gt 3,055 1.87 U5 57 511,730
ki 5 ] 3 p’*hﬁs .00 901 yﬁﬁﬁ} te?u,, {35
L8 g 658 awa 0,66 %:e.ﬁ R S50 65
L9 & - o )
50 9 - X o zs 9
51 G - o o o

5 @ 483 1,766 1.9 923,903 :%ffﬁ,r y
54 2 g3z 1;&5&& .15 S IS 256 b
. ¢ - 8 337,44 4
&5 1 1,066 zfu@& S X 134,595

@'\ e . . P 2 - " . w .
Bmbe Tehm U, S Pleb end WIRLIDe Depvwice, Yools Hole, Mabu.

1%



AFPERLIE T
CALCUZATIONS OF 7IE WaAsS OF WAITING DUD CATCHABLE
Phe mumbey of whibing mod csbohable by olber Xl goav, %, 1=
Wm to the following: 218 J 2,113 %X J 81,550,475, whers, assord~
ing bo & stady by Clark (19983, 215 / 2,115 3= the ratio of mnealobabls
fioh to catouabls flsh. The sstizmaied popuiation total of satebabls

$iph for the insbore arsa ls 91,550 579,




APPEDIT G
CATCH-RFFORT DATA FROM THE OFFSHOVE

ﬁﬁiﬁ}{lﬁ% | gateh per - Asswmalated

- Pesn-Rrouy Gabeh
Poxlod ¢{%) 2(t)
T L a
e 5 X
{ii aﬁljzﬁyi
Gls £83,8u
76 Y, 280 ,7hT
10 1,%5‘;,3%
2 1,747 i
i 2,172,388
G 2,172,338
g1 § ,g,g&&s
@ C
& 3,187,358
: o
- 93 3,554 5
1% 5,382,350
22 5%?2@99
] 5,686,590
8 6,238,590
06 6,500,
125 7,817,550
= ?;?%;99@
51 H S%M
b 5,072,990
ok 8,38 823
ho 8.719,k23
B ) 8,528,973
G &E‘Es&%
= 5,033,973
2 Q833,973
Beyt, 2820 3 9,533,973
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By use of a procsdure sugpegbted by Delmey (1947), an attemnt was
aeds to estimmte an "insbors” and an "offshore” whiting, Herluoolus
Bilinsemwdis (Mitehill), populabion total fer July 3, 1956, The Deluwy
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