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Introduction 

This document presents a brief historical review of the 5Z haddock 
fishery~ and the biological studies conducted since 1932. It also summarizes 
the current (1969) and probable (1969-70) status of stocks based on informa
tion available to date. 

The data and information presented herein form the biological basis 
upon which management decisions with regard to this stock may be based. 

Long-term trends in landings and effort 

It is convenient to consider three periods within the known span of 
the fishery. The first is the development stage which extends from early 
1900l s to the early 19301s. Landings increased from about 15,000 metric 
tons in 1917 to a peak of about 115,000 tons in 1929, and then declined rapidly 
to about 26,000 tons in 1934 (Table 1, Figure 1). During this period the 
beam trawl first developed, and rapidly replaced the line fisheries. The 
latter years saw introduction of the Vigneron-Dahl trawl and vessels using 
diesel engines and depth sounders. Essentially, the fleet in existence in 
the early 1930's was of the same type that has lasted through to current 
times. 

The heavy fishing of the late :920's apparently caused the stock to 
decline rapidly, and the low catch per unit effort caused a rapid reduction 
in fishing effort in early 1930's. 

Unfortunately. the data on landings per unit effort are not reliable 
for this early period because observations were not being made at the time. 
Also, the effectiveness of a days fishing changed considerably during the 
period. Corrections have been made for these changes, but the data as 
presented should be interpreted in a generally descriptive sense only. 

The second period is one of relatively stabilized fishing from the 
early 1930's to the early 1960's. Annua1landlngs varied from 35,000 to 
50,000 tons, and effort fluctuated between 5,000 and 8, 000 standard days 
fiShing. The war years caused some disruption of fiShing, but only of the 
order of a 20-30 percent reduction in effort. We will later use this period 
for estimating equilibrium conditions, and a more detailed picture of fluc
tuations in catch and effort is given in Figure 2. 

Biological investigations started in 1932 with the collection of 
detailed statistics of landings and days fished by area, and of age-length 
samples from the landings. The same .system has continued to date. 

In 1953, a 4-1/2 inch mesh regulation was put into effect by ICNAF 
for S. A. 5 haddock stocks. The effect of this regulation on y ieldlil has not 
been estimated--it is~ in fact, inestimable. It was effective in reducing 
discards~ --which in the average pre-regulation year probably were 10-15 
percent of landings--to about 1-5 percent of landings in post regulation 
years. 

C2 
I, h 



" 
- 2 -

Table 1. - -Statistics of catch and effort for Georges Bank haddock. 

Landing~ Land/DF DF No's Fish 
MT x 10- MT DF Ave/3 Landed No's Fish 

Year Rnd, Fresh Rnd, Fresh x 10-3 x 10-3 x 10-3 Land/DF 

1917 14.1 13. 3 1.0 
1918 24.8 17. 1 . 1.4 
1919 39.4 18.1 2. 2 1.5 
1920 40.6 18. 9 2. 2 1.9 

1921 29. 7 16.8 1.8 2. I 
1922 30.8 12.6 2.4 2. I 
1923 32.9 9. 5 3.5 2.6 
1924 36.9 12.0 3. I 3. 0 
1925 41.4 16.6 2.5 3.0 
1926 51. 3 21. 4 2.4 2.7 
1927 73.9 22.6 3. 3 2.7 
1928 98.6 17.8 5.5 3.7 
1929 115.5 11.6 10. 0 6. 3 
1930 95.0 6.0 15.9 10.4 

1931 59. 5 4.5 13.0 13.0 39.127 3, 020 
1932 54.5 6.0 9. 1 12. G 39,481 4,334 
1933 42.2 5.0 B.4 10.2 30,894 3,673 
1934 25.8 5. 3 4.8 7.4 19,335 3,996 
1935 41.0 6.4 6.4 6. 5 32,303 5, 0.07 
1936 43.4 7.0 6.2 5.8 35,387 5,686 
1937 49.4 6.0 B.2 6.9 36,534 4,459 
1938 47.8 6.0 7.9 7.4 37,897 4,813 
1939 54.0 6. 7 8.0 8.0 43,845 5,470 
1940 47.9 6.6 7.2 7.7 34,963 4,844 

1941 62. 9 8.6 7.3 7.5 51, 262 6,997 
1942 55.4 9.7 5.7 6.7 45,262 7,896 
1943 46. 3 9.5 4. 9 6. a 37,429 7,667 
1944 49.6 8.8 5.6 5.4 33,149 5,861 
1945 40.5 8.3 4. 9 5. I 26,552 5,428 
1946 53.7 7.4 7.3 5.9 37,373 5,132 
1947 54.4 6.6 B. 2 G.8 41,795 5,083 
1948 48. 3 6.2 7.7 7.7 41,168 5,337 
1949 42.2 5.9 7. 1 7.6 33,681 4,717 
1950 41. 3 7.5 5.5 6.8 42,879 7,816 

1951 47.3 7. 3 6.5 6.4 43,668 6,728 
1952 43. 2 7. 3 5. 9 6.0 45,621 7.689 
1953 35.9 5.5 6.5 6.3 32,004 4,915 
1954 46.4 8.0 5.8 6. 1 48,30 I 8,318 
1955 40.8 8. I 5.0 5.8 33,086 6,540 
1956 48.9 7. 2 6.8 5.9 39,718 5,924 
1957 46.2 5. 9 7.8 6.5 35,912 4,619 
1958 35.5 4.6 7.8 7.4 27, 108 4,298 
1959 35.9 3.8 9. 4 8.3 26,737 3,358 
1960 41. 1 5.4 7.7 8.3 34,086 4,493 

1961 46.2 6. 5 7.2 8. I 36,832 4,898 
1962 54.0 6. 3 8.6 7.7 40,143 4,713 
1963 54.8 4.4 12.4 9.4 36,557 2,922 
1964 64. I 5.3 12. I 11.0 44,260 3,654 
1965 149.6 5.6 26.7 17. I 125,784 4,76 I 
1966 121. 3 4.5 26.8 21.9 111,207 4,104 
~967* 51.4 3.7 13. 9 22. ;) 38,358 2,740 
1968* 4-.. I 2.9 15.2 18.6 27,911 1,863 

*Preliminary 
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During thr' fin~t two pl'riotls, thv fishery was condu.cted exclusively 
b,Y U.S. vL'sseb. '1'h(:' third period, commencing in lUG3, covers th" entranu: 
of other cOllntries into the j"islwry, with resulting J'<Jpld build-up of fishing 
effort. Peak landings of 1511, 000 metric tons wel'e observ(:!d in 1965, and 
121,000 tons were removed in 1966. A two-fold iner'ease in fishing mortality 
resulted. 

The r('cruitmvnl of 3. l'athl~r large 1963 Y'-;11' claos to the fishable 
stock on LIH~ hank in 1865 was a factor inducing the inereased fishing effort. 
By 1967 the adult spawning stock was reduced to the lowest level on record. 
Producl ion of fish since 196:.1 has bU(,11 extremely low; the brood years uf 
HJ(j4 \u EHl8 arc all1/10 to 1/100 of pl'l:vious norms. The age composition 
of landj ngs for this period compared to the average over the second period 
are presented in Figure 3. 

Estimation of Abundanc~, effol't and murtality from comnH'"rdal fishery titati:::ilic:-, 

The index of abundance i:-; dc-rived from 1hv landin.gs per day fished 
of a selected group of about 21 U.S. otlt'r tr::twl(;t'ti of 1:10-300 gross tuns. 
The selection was based un Similarity 01' charactL'ristics affecting fishing 
power (l->izc, horsepower, etc.). Although therL.' have been some deletionl:i 
and additions to th1::; group ::;inCL' I~J3l (the actuallwmbcr varied from lG 10 
27), the added vessel.s had the same chal'acteristics as the original group. 

Information on fishing time and area of catch was obtained by dock
.side inlerview when the vessel landed. Trips were generally from one to 
two weeks duration. 

The average landings per day fished wao obtained for each quarter. 
Th~se in turn were averaged over the year. The annual average thus obtain
ed, which represents the index of abundance, was divided into total landings 
to estimate the total, standardized days fished. 

The standard fleet reflecLL'u generally the areas and sizes of fioh 
caught by all U. S. vl'ssels fishing fo1' haddock. In recent years, when 
ileet.s of other countries have fished ior haddoc.k, their bndings a1.s0 have 
been incl!lded in the tolal from which the lotal standard effort is obtained. 
This is no problem with regard 10 Canadian cat ches, since their vessel:;.; 
use a regulation mesh ..tnll comparison of size eomposi1ion of landings indic

a1 Ci:i no sigLlii".ia<J.nt differences frum the U. S. landings. Thc trend in landinw.; 
per day of Canadian trawlers c1o,sely approximatefi that or the U.S. (Table 2). 

Table 2. --Compari.-.>on of relative abundance fl'C)m U.S. and Canadian 
fishing fleet.s 

Landings pL'r day relative to 1~)63 
Year United States Canada 

lUG3 l. 0 l. 0 
lUG4 I .) 1. I 
lU65 l. 3 l. } 
ID(-jG l. 0 O. 0 
19(j7 O. 8 O. U 
1968 O. G O. 7 

Unfortunately, there is no data availabh' on the size compo.sition of 
the large USSR landings in 19G6 and 1965. Analysis of rei'warch vessel survey 
data in a later sec1ion indicate:.; the pl'OpOl"i ilJn of Iwo-,YL'ar old fish might have 
been significantly higher, but the provJ.sional treatment in this document doe.s 
not adjust for any differences that might exist. 
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Samples of fish in the landings have been obtained for estimating 
age and length composition throughout the years since 1932. Numbers of 
fish landed have been estimated in the usual manner by dividing sample 
weight per fish into total landings (Table 1). The total numbers have been 
prorated on a quarterlY basis over age groups by utilizing age-length keys. 
Numbers landed per day was obtained by using the aforemmtioned estimate 
of total days fished. 

Quarterly averages of loge numbers per day over the 1931-61 'period 
are shown in Figure 4. Fish are fully utilized from age 3 onwards. The 
quarterly fluctuations indicate recruitment aggregations of two and three
year oids in the August-October period (Quarter 3). and spawning aggrega
tions of older fish during February-April (Quarter 1). Age compositions for 
more recent years (Figure 4) illustrate quite clearly the effect of heavy 
fishing and lack of recruitment since 1965. 

An estimate of the total annual mortality coefficient, Z, was 
obtained form age 3 onward each year by utilizing the ratio of catch per 
day of a given year class from one year to the next. The annual estimates 
for 1935-63 (Figure 2) range from O. 4 to O. 9; the average value being 
O. 67. Previous studies have indicated the natural mortalHy coefficient, 
M = O. 2, so that the fishing mortality coefficient, F, is about O. 5 on the 
average over this period. The average annual standard effort was 7.000 
days. 

A preferable technique using virtual populations, i. e. landings 
and not landings per day, has led to the estimation of Z (and F assuming 
M=O. 2) for each age group of the 1930-59 year classes. The averages of 
F and Z values for age 3 onwards were nearly identical to that above. 
The estimates of F for age 2 range between about O. land O. 4, indicat
ing the incomplete recruitment at this age. Fishing mortality on age 1 
fish is virutally nil. 

Previous studies (see 1958 Res. Doc #92) have shown that the 
total mortality coefficient increased by a factor of 1. 5 in the years 
1965-66, so that if natural mortality had not changed, the fishing mortal
ity coefficient would have doubled, as expected, during this period. 

Long-term equilibrium yields 

One means of determining the status of fisheries is to estimate 
the locus of points which represent the equilibrium (steady state) relation
ship between yield and yield per recruit, and fishing mortality. This is 
accomplished by fitting an appropriate equation to a set of observed points 
of abundance and fishing mortality. 

These data for the Georges Bank haddock fishery arc plotted in 
Figures 5 and 6. Landings per day and days fished are presumed propor ... 
tiona! to abundance and fishing mortality. respectively. A running average 
of effort over three years was used to reduce the effects of the lag time in 
reaction of available stock abundance to changes in rate of fishing. This 
probably does not adequately correct for such effects, particularly when 
the changes are large. Therefore, the points for periods of rapid change 
(1927-32, 1964-68) have not been utilized in fitting fuctional relationships. 

The curved line in Figure 5 represents a fit of the Beverton-Holt 
yield-per-recruit function, assuming that 7,000 days produced an F of O. 5. 
The straight line was fitted to the points for 1933-63. This purports to 
represent the Schaefer yield function, which assumes recruitment is a lin
ear function of stock size. The corresponding curves of yield-per-recruit 
and total yield are drawn in Figure 6. 

For both functions, the relations strongly suggest that yield is 
maximized, for the average recruitmcnt experienced in the period of 
stabilized fishing (1933-63), at a level of effort of about 7, 000 standard 
days annually. The maximum total yield is~ on the average, about 50,000 
metric tons. A sustained fishery beyond this level will cause the yield in 
any terms to decrease, and if recruitment is dependent on stock density~ 
total yield may decrease quite substantially. 
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w~· h<IVl~ niJ.'> :I'\'t"d Lw() I-'eriod.o..; dl.1I'Jng which removals exceeded 
~Ub::;l<..tld, .i,.'.' I!I\ .:,,;.1 .'1, ':'jLlilJln'.i'llil \'".dll(;. In both cases~ the corre-
:-:;ponctirtg tlt:~T".,.· llJ ,dllilld,llh'l' ":ll,: :-d ~( I'ather rapid adjustment of fish
ing 1~fj'()1'1 ttl 1.lwei' lr·vl-:l!~. In Lllv Jlll)O-,j l'l;C(~nl year::;~ however, a sustain
ed low l'ec('ui t.m\.~nL h6.J. l~J to un unVrec~dented low stock abun-

dance. 
St .. )d, - n 'L: (' til I 111t~ Iii 

EU(Jw1L:dgl' ,oj ill(: ('Xi,H"t pr.j".L'b,s.:·','" eontl'olling recruitment is of 
vital eoneern. In P;,j·'jt:lllar. tile c·n\~cl of .spawaing stock density (or 
bit)ma!~~·;) i::. crLliccll 0j_rH'·.~ it iH u i'undion of the rate of removal which 
can~ tu a la.rge extent, be contrdllcd. 

We 1'.unnuL IJ.U.V lil'IIIU[l,';ilj'.Ji,' ~\ ,ki'lrlite l't·laliont>hip bl2tween stock 
and rf"'j·llitllH~f1t. At! i.lId\'::-.. of size of Y(;,1.l' cla:::;s('.3 produced from 1929 to 
W,;C wb'~n n',.;ntll(~d to fh\. 1';~:;J-wt'Y ~l.'; t\y,)-ycar old-> i.s givcu in Figure 7. 
AHllo uf4JJ j II'.: i v ldu~d ,,' d [' ,~ l.,;.:";v," La,il' rLIL:lll~U:(i ;,.: L 1IIIdl as an order of 
magni1.lldl~ (lOX) 1'1").111 1;",1/ I.,,) 1~J(;:}, "I i,'; (lilly in ll.l' YL;1r:::; since 1965 that 
very ponr reeT'l11tllICl.il hel:"' L('C'il ,.\L~;ervcd. 'Thus the bulk of our observa
tion;:; art.· V .... ~·l· a Pl'I',I<,lI: Wile). ,;, .... ,iLUCI( ~j c;e has llut changed drastically. 
In :Figurt: 11, all inlh'), .il ;;p,l',\;',"'ltlt": ~.i[<l, .. , (l'.J.rlding.s 1),:1" day in season A) 
has lll'en l,ldll:,'ll wii.lll~l(· lilLi,':-;' of '/";11' ('laSSt:H re,.;uliing therefrom. Stock 
:::;ize in 1~J:U-:1;J wa:-; iu ,"very YC'l!' bduw Ule averag~ of 1935-63; about 20 
percent bell'w l)n Un: ;l\'l'J';l)',t'. '1'11,_, Yf!;U" classes produced were not marked
ly lOWI'l', hilt C(llU;j~:ti'~!.IIJ.y P(I lik j,.W ~jid{'. During the next 20 years or so, 
large dt~viali,)n;:; :in spaWII;.jl~' 1(1('.1,. :tnd bl-~1.wcen ::c.1'.Jck and recruitment were 
observed. 'flit" LHil :-;t~ril:L; \' { 10 Yl;,U':i, or !;iO, ilHlicates a marked downward 
trend ill hpawrUIlg ;:;tLlch, L.,ll.d a l'P,/lldi,)j) in mdg-uitude of fluctuations and 
si'l,c of resllll8.nt Yl'3r ..::lasHe:,;. The puints beyond 1965, when available will 
shuw an even lOWtT lJ ,:nJ. 

S,)JIl.V n:c,,'l!l ;:alldi~:ti I~f .slot"J, -n~Cl'llitment for other gadoid stocks 
have indieatcJ <1 l!'lhk'llcy ftJ1' l,)w(·n·,j pl'l)duction, particularly at low sotck 
dcn~itll:s. A ~ipCt..:irjC :jllJdy of cod ill l,bt' Harents sea area has shown a 
iJossiblt: :::;harp drop off at nnh,;r .ll,ywi..:r bpawning :::;tock levels. 

It do(;~ ;i(:',-'Il" tl1<.~l·~rOl·I', l/i~n the currently very low abundance of 
i..A-t:urges H.J.llk lL;:,l.Uo.l",·I, (wiLll vv.!'.)' 1) \1 ll: Pl't1:::;pcct for significant recruitnlem 
ovc:r thl' nv};t two ),(.;.1,',-. at h:a;-;t) 0\)<':- n:JlJc(: the prubability of good year 
(:la8s pl'odu~'-lLO(', pcri.:lp .... ....!1';1~;1lC.:J..l1Y ':;0. 

Ih~scardj Vl~.'::i: .. jcl ;'l,n'· ','~., 

GrOlllLtiri:-.b tC:lwl :-lL_rvi;Y:, : ;L',t,' hVt'l1 (;ul!ducted on a seasonal basis 
since July 1:)fj3. Th, ,;,. ;;uev,-y::. arc q!liLt' comprc1h~nsive and provide an 
CSlimal.c of t'>tocJ\ "J.hund ... ulce that 1;.0; llldt..'pVllrlt'llt 1)1' that derivt:d from com
mE:!rci.al fH;hery :-;Liti,;;Lics. <:Lad fre,~' fruHl the bias(;o::; related thereto. 

It is ubL'l't,l i" prc;',cnt ',,-11[1,' i;t'dimin~u'y rc;sult:::; of analysis of this 
d'}la tu ';iJj']'oblJ/'a\1 II,,' [,u', ;~{Jl(lg cOrLL'LJ::;ioll.':i. Also, estimates of year 
t:la~s <'t'tJlIHdalll;l: d\.'l·j','·(i 1'/'<.,,11 Iii,' :;;llJ'\'-I~yf> UU'(Jllgil lUGS arc nece::;sary to 
pl'i..!dit:t fulun: l'<.;(;n,illn'~L!l (~\~t: ;"d:::;u OJ. Hc5ear(;h DOCllment by Grosslein 
::;ublniLLed thi:::; year). 

l';;",lI111i.,.lcb ,,{ :,l.l"rti'ln"'l: :,l :q':I' It'orl} U1'~ :.iu,rvey data correspond 
quil.\> \\,,'11 wiUl III!')._" l'j "III ,!l' t'''I~,II;L· ... :i<iJ data (Figure U). The total 
mortality [·» .... lTu:,j,:(,;,-.:,j, ,'L"vl',1 l'j'''lio 1].,_' yC~lr ci;-u-;::. Gatch curves are also 
quite similiar. 'ThiS j'l,~llr(' also il1(Li.'"'lk:~ lhal Jr;l.ddock are fully available 
i;,") I,he ir.lwl !~l.';ll· (Wllh i\~l'· ,1lCz..!l 1.i(1(:1') dudng' Ul(·ir second year of life. 
Thle bill(' ':"!'it.'1; ol "J,;;"j'V;li,L"'IL,~. ',}!, L, I.,; IVI' ablllHl.lIH.:e (Figure 10) indicates 
tIl(' l'l!<1ucllun 1",ll,:;,.i )'y 1111' ,1\'-aV\i ;·'·llHl'!,,J.'"i bl't"'''\'U1 July Hi6:) and July 1966. 
Tlw rat" Ill' r,_,ml.lV;_L,: \~ ,_,:~ ~d)dlli Ih}',,\, liJoll::i gTeat(:r than periods before and 
after. Ttw ';ill'V'; 'J,d.}I;il:d l\.q~l: :.:It:) j"'fH',:,;euLs l'oug'hly the portion of the 
stocl .. uvali:dllv i,L"1 iii,' ·1'-1/:~ i.udl 11"~\'1"!l '.''<.:ar. TJIl' W63 year class was rather 
quickly t't:dlH','q LII ~,:I ,,I,,,,ll,,'," III !I~, :,llU:d ye:Jr 111' lde. It was not, at this 
Lime, av~d_bblc:.: 10 ;),11',' t'}"tUtl 10 Ull: l .S. fi:':lllcry because they were too small. 
Thu::;~ thL' rJ.S. ii.;;>il<.·.·, djd i.ol I'S,;' j':l':,,;V any great increase in landings per 
Jay frOlll the l:e(;I'llll'-'-l'·'J!. or !t-il::-: ),I,;,t" (:]')t'>o,. 
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This effect is more clearly illustrated in Figure ll~ where the index 
of abundance of year classes in the commercial landings is plotted against an 
index of year class abundance derived from the survey data. The survey 
index was obtained by extrapolating backward to age I, the lines fitted to loge 
numbers per tow at age for the various year classes present from 1963 through 
1965. 

The linear relationship indicated in Figure 11 will hold only if mortal
ity through age 3 had been constant. The pOint for the 1963 year class is 
obviously low and most likely for the reason that mortality on this year class 
in its third year of life was markedly higher. 

Estimation of Quotas 

Estimates of the current biomass in terms of weight or numbers, 
and of recruitment in the next year are required to set quotas which will 
satisfy the objective of maintaining or increasing the stock of fish. 

To obtain estimates of fishable stock, we have employed the 
relation 

- e-Z ) F 
C i = Ni (l ~, where 

C i = catch in year i, and, 

Ni = numbers of fish in population at beginning of year. 

Z, F, and M are the standard mortality coefficients. 

The relative stability of the fishery during the 1935-63 period 
provides a reasonably steady state situation. Using F = O. 5 and M = O. 2 
in the above equation results in an estimate of ave~ge numbers in the 
available population (essentially age 2+) of 130 x 10 • Estimates for the 
individual years presented in gigure J2. The average ~mbers landed 
during this period was 38 x 10 • A fishing mortality of-z- was applied to 
the two year old fish to allow for incomplete recruitmem. 

The virtual population method as modified by Gulland (1965 ICES 
report of the Gadoid committee) to provide for varying fishing rates was 
also employed to ob1.ain estimated stock ::;;7.6'. An average population of 
133 x 106 fish was obtained; the yearly estimates arc also plotted in Figure 12. 

We have also obtained cstimatcti of biomasB based on the stratified 
random sampling of the Albatross IV surveys (Figure 13). Allowing for the 
fact that the below average 1960 and 1961 year classes (see Figure 7) were 
recruited to the fisftable stock during 1963-64, the cstimates of numbers of 
fish of the order 10 indicate reasonablc agreement. This data also illus
trates the increase in stock from recruitment of the 1963 year class, and 
the rapid decline of total stock from 1965 to 1968. 

Based on landings of two year aIds during the 1935-63 period, She 
average of numbers in the population at this age is estimated at 49 x 10 . 
These data are summarized in the first column of Table 3. Because the 
maximum harvestable surplus was produced on a sustained basis through 
this period of years, it seems desirable to set this stock size as the target 
of management. 
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Table J.--l·;:::;tinHtll':; (.1' :'V,'1LdJjI~ j)tJplIlathm tlutnber:i and recruitment 
1'01' GeI.Jl·g't~:; Hauk h:"ld.)ch. 

------_ ... _-_. 
j ~ , 

1: I I,: I 1 ~j I i (j 1[)69 1970 

-----

Avail. P0!-l. Nn'~ .. -, JIll' 1 I..:. ~'I 31l 1 G 

Rt'movals; 
(No'::,. x lOt)) '1',11:,1 ;jl, :J :3 13 16 

FI --II. ;i/i ~,i 10 13 
N<..tl. 1" 5 3 3 

Hecruit.. No',';. h j\j(i 

Age 2 " l(i 16 

Estimates (Jf sTuL:h :-;L~l' fIJ'- i:l{ig indicate we have a long way to go. 
The U. S. ind\'x ur ,dHj/ld3IlCL' I,,,' J'qjH--l, BtU kildH pcr day fished- ... indicates 
the populatwn has bl'dl !'edLj~:('<l I.u dhuut 1/3 of the lU35-63 average of 5,572 
kilos. Thi:::; WOll]d indicate a l"JIHliallOll of available fish of about 43 x 106 at 
the beginning of ViliS. An alt(:l'Il<:d iv,: calculntion is provided by estimating 
that the t5.2x 10 J d~ly.s fis}lf'd U1 [UGH caused a mortality of F= 1.0.(this 
assumeo the enurt index is prop(ll'!ion~l to mortality). Again utilizing the 
equation at th~ bf::f,;inning of this :-;{'~ti()tlJ with l\l == 0.2, and the estimated 
landings of 28x lOG fish, the c:->timatf'd population is 47 x 106 fish. 

Recruitment of'the poplIlntion in lDu8, 196~J, and 1970 has been 
estimated in two ways. Fil'.'-it, Wlc' can infer from Figure 7 that recruitment 
from year classes produced 51[1\""(' lQfi3 will be 1/10 (or less) of the average 
through the 1930-1960 period. Th,; l~)(;~) rl'scarch document by Grosslein 
indicates the ID67 and WG8 y":U' ,:L:t:i:WS a1'(, abollt the oame order of magni
tude. This means that r"ollghly ~ >.. J(l" 11::,!.1 or age 2 would be the expected 
recruitment. 

We can be a lii 1 il: m,n ," 1,/""("1"'-;." hy litilizing lhl~ incil!x of year class 
abundance derived from Uk oill '"'""1 d:t!a which wa~; rnentioned in a previous 
section. This data r:(iV'"rs ij,," !~I~";,;-lU(iG yl."<±l' cla:-:i~;C:-:i. but we should note 
that more recent y("";!r \"1:1s;-,,";, ,II",' )'''';->I."d on only two or three observations. 
The UJ5U and 19f1u Yl:d[" d;-l~::; '" W j ," ,,( ,-;!lJlll,J!" alJlludance, and somewhat 
largL!r than tile 10111-:-1, I"J/I ,'\ """,'. TLv v!dIJ;ll pupuJation procedure pro
ViL1~::> an e~t.iJlldtt.' (Ji Ill"" I"'!" I 11 'I, ,," llll":," 1WII )'\"a1" clU:-:iscti at age 2 of 
81 x 106 fi:-:ih. US!!L!!" rill." v,ti,,," ,dill ,jjljJJYHlg the year class index computed 
relativl' 10 lilat of l~J",d <Hid l:J:",!I, ,""",lllll •• t,";-,; 0f puplilution flliinber.s at age 2 
arc obL..l.lJ1l"d. Th .. ! ,J:.L. ,d",' "',."1 1'<1,"11, i,l '1\dJle 4. The index given by 
Gl'()f:;Slein J1JS bl!I;li 1I~,·tI t(l c"",lll,I;,I," 11IIJj..bers of l"l.:Cl"uits for the 1967 and 
1968 year da:c..,;c~j. 
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Table 4. --Estimated recruitment for 1956-68 year classes on Georges 
Bank. 

Index No's. POP6 
Year Class Survey Index ReL to ,59 Y. C. Age 2 x 10 

63 5.14 6.2 502 
62 3.94 1. 9 154 
58 3.37 ) 1.0 81 
59 3. 26 ) 
56 3.09 O. 8 65 
57 2.53 0.5 40 
64 2.49 0.4 32 
60 ) 

2.34 0.4 32 6 1 ) 
66 1.67 O. 2 16 
65 -0.47 O. 02 2 
67 0.01 1 
68 0.2 16 

With known removals of at least 28 mi1~n fish in 1968 
and an estimated recruitment of 16 x 10 twu ~ears old 
(1966 year classJ~ the population of age 2 + fish beginning in 1969 is of the 
order ofJO x 10 fish. We expect landings of about 10 x 106 fish in 1969. 
Providing this is the case, and that recruitment from the 1967 year clas!;) 
is as poor as indicated, the population at beginning 1970 will be about 
t8 million fish. These estimates are set forth in Table 3. 

Finally. in 1970, the expected recruitment from the 1968 year 
class in 16 x 100 fish, and if the population is not to be further reduced, 
landings will have to be less than 13 x 106 fish, or with an average weight 
per fish of about 1 kilogram. 13,000 metric tons. 
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Z(3-7) 
HADDOCK-GEORGES BANK .91-
U.S. COMMERCIAL FLEET 

l 
I \ I \ I I • 

. 7 

.6 fTJ· " 't .4 

.3 

lI-
T 

"[ 
10~ 10 

91- {\ LID D 

, , • 
8~ ~ J\ 'J 
7~ • r 

\n\ ~ 61- fu • • . \. 
V 

51-0' 

41-

I 
1933 

5 • 

• 41-

I 1 I I I I I 
1943 1953 1963 1933 1943 1956 

Figure 2. --Landings per day (LID, Metric tons x 103), total days effort 
(D. days x 103 ), and total mortality coefficient (2. 3-7 year 
old fish) for Georges Bank haddock, 1933-1963. 
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Figure 4. --Age composition of U. S. haddocks landings from Georges Bank. 
1964-68. 
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HADDOCK 
GEORGES BANK 
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Figure 7. --Annual average number of 2-year old haddock landed per day 
fished by U.S. fleet from Georges Bank, 1931-68. 
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ABUNDANCE - LOGe (NUMBERS PER UNIT EFFORT) 
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Figure 9. --Log numbers of haddock caught per unit of effort by U. S. 
commercial fleet and Albatross IV surveys. The points 
represent seasonal observations of age group abundance. 
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Figure 11. --Relation of year class abundance index of haddock on Georges 
Bank derived from catch curves based on Albatross IV data to 
numbers landed per day fished by U. S. fleet. 
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100rl-------------------------------------------------. 

HADDOCK - 5Z 

USING CONST. F=O.5, M=0.2 0-0 
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Figure 12. --Estimates of commercially available population of haddock 
on Georges Bank. 
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Figure 13. --Estimated population size of haddock on Georges Bank 
based on research vessel surveys by year and season 

(8 = summer I F = fall. W = winter). 
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