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INTRODUCTION 

The fisheries for sea herring along the coast of the State of Maine 

and the Province of New Brunswick have been prosecuted throughout the 20th 

century (Figure 1). These fisheries primarily ca.tch young herring (age 1-3) 

which are canned as sardines. Since the 1960' 5, fisheries for older herring. 

(ages 3+) have developed in the Gulf of Maine (ICNAF SA SY), southwest Nova 

Scotia (SA 4WX), on Georges Bank (SA SZe), in Block Island Sound (SA SZw) , 

and in offshore waters of the Mid-Atlantic area (SA 6). 

Past analyses of herring fisheries have been limited by two factors. 

First, the interdependence between herring populations which are fished 

throughout the range is unknown. Second, research vessel survey data has 

not been demonstrated to be an adequate basis for estimating the strength of 

the recruiting year classes and/or the current fishing mortality rate as has 

been the practice for other fish stocks of the region (see Clark 1979). In 

this paper, the first of these limitations is eliminated by applying a 

holistic approach to the fisheries of the region. Furthermore, since precise 

estimation of the current condition of the resource is di£ticul t given the 

current research vessel survey data base, the framework is provided for 

assessing the resource probabilistically. 



ANALYSIS OF CATCH DATA 

Catch at age data for all herring fisheries between southwest Nova 

Scotia and Cape Hatteras were pooled for the period 1965-1977. Virtual 

population analysis (VPA, see Ricker 1975 for description of the method) 

was applied to the pooled catch data. Arbitrary but realistic values of 

fishing mortality were assumed for the terminal year of exploitation of 

each year class. The mean weights at age used to calculate the biomass of 

the population in each year were 0.012, 0.042, 0.101, 0.172, 0.202, 0.235, 

0.258, 0.291, 0.312, 0.333, and 0~345 kg for ages 1-11, respectively (Anthony 

1977, unpublished). Based on the preliminary VPA described above, the 

geometric mean fishing mortality rate by age for the period 1965-1973 was 

calculated. Estimates of fishing mortality between 1974-1977 were not 

included in these averages, because they were assumed to be too sensitive 

to the arbitrarily selected values of fishing mortality used in the terminal 

year of the analysis (starting F's). In order to verify that estimates of 

fishing mortality prior to 1974 were relatively insensitive to the assumptions 

of starting F's, three additional sets of VPA were conducted using starting 

F's by age corresponding to the mean values for 1965-1973 (as indicated in 

the preliminary analysis above), starting F values equal to 50% of these, 

and starting F values equal to 150% of these. The resulting three sets of 

VPA are given in Tables 1-3. 

The annual fishing mortality rates (1970-1977) for the 1968-1972 year 

classes for the 50% and 150% VPA's relative to the 100% VPA were calculated 

and are reported in Table 4. Note that by 1973, fishing mortality rates have 

converged to wi thin about 20%. In fact, for the older year classes convergence 

is even much closer than this. Thus, the assumption of 1965-1973 as a base 
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period that is relatively insensitive to the starting F's in the analysis 

appears valid. 

The mean F's at age for 1965-1973 were recalculated based on Table 2. 

They are 0.038, 0.351, 0.206, 0.260, 0.365, 0.403, and 0.580 for ages 1-7+. 

Note that fishing mortality rates for ages 9-11 were not included in this 

analyses because they too were deemed to be overly sensi ti ve to the assumed 

values of starting F. Then, the relative F's (F at age i ln year j divided 

by the mean F for age i) were calculated. for ages 1-8 and years 1965-1973. 

The geometric means of the relative F's for ages 3-8 were calculated for each 

year from 1965-1973. These values are given in Table 5 along with the 

relative F's at age 1 and 2 for each year. 

Based on the values given in Table 5, the cumulative frequency distrib

utions of relative F's for ages 1, 2, and 3-8 were plotted in Figures 2-4. 

Based on the short history of information available, the probability of a 

relative F exceeding the value corresponding to a cumulative frequency of a 

is equal to I-a. Thus Figures 2-4 can be used to judge the risk associated 

with various assumptions of starting F used in virtual population analysis 

when assessing the current status of the fishery. The application of 

Figures 2-4 will be demonstrated below. 

PROBABILISTIC ASSESSMENT OF CURRENT STATUS OF THE FISHERY 

In order to assess the current status of the fishery, the current 

fishing mortality rates must be either estimated or assumed. In the case of 

the sea herring fishery from southwest Nova Scotia to Cape Hatteras, a 

reliable method for estimating current. fishing mortali ty rates has not yet 

been demonstrated. Therefore, these values must be assumed. 
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Figures 2-4 may be used to evaluate the relative risks associated with 

a particular set of assumed current fishing mortality rates. For example, if 

an optimistic evaluation of the current status of the fishery is desired, 

then values of relative F for ages 1, 2, and 3+ that correspond to a low 

cumulative frequency should be considered. These values of relative F would 

then be multiplied by the mean values of F for each age for the base period 

of 1965-1973. Then VPA using these estimates of fishing mortality as starting 

values would be applied. The procedure would be the same for a more conserv

ative analysis, except that relative F values would be selected which correspond 

to a higher cumulative frequency. As a rough approximation, there would be 

about an 80% probability of overestimating the current size of the resource 

based on relative Fls corresponding to a 20% cumulative frequency, for example. 

In this document, six different VPA's ranging from optimistic to con

servative. are presented. The most conservative VPA corresponds to a cumulative 

frequency of 90%. The most optimistic VPA corresponds to a cumulative frequency 

of 20%. VPAI S corresponding to a cumulative frequency of 50% and 80% are also 

presented. The fifth VPA corresponds to a cumulative frequency of 90% for 

fish of age 1 and 2 and a cumulative frequency of 80% for older fish (thus 

more conservative for recruiting year classes than for the spawning stock). 

The sixth corresponds to a cumulative frequency of 90% and 50% for age 1 and 

2 and age 3+, respectively. The results of these six VPA's* are given in 

Tables 6-11. 

*These VPA's will be referred to as the 20%, 50%, 80%, 90/80%, and 90% VPA 

depending on the particular cumulative frequency on which they were based. 
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Each of the VPA's were started in 1977 (the most recent year for which 

complete catch data was available). Thus, the starting P's corresponding to 

the values of cumulative frequency noted above, were applied in 1977. Esti-

mates of the size of each year class in the beginning of 1978 were obtained 

by projecting ahead from 1977 by applying the assumed of fishing mortality . ., 

rate in that year and a natural mortality rate of 0.2 (using Baranov's catch 

equation, see Ricker 1975). 

In order to project ahead to the beginning of 1979, estimates of the 

total catch at age during 1978 were necessary. USA catch statistics were 

used as reported: The 1978 catch in the New Brunswick juvenile fishery was 

assumed to be 25,000 tons (about the same as in 1977). The age composition 

of this catch was assumed to correspond to the 1978 age composition of the 

catch in the eastern section of Maine. (east of Mt. Desert Island). The 

southwest Nova Scotia adult fishery was assumed to catch 95,000 tons in 1978. 

The age composition of this catch was estimated by applying partial recruit-

ment values calculated for the southwest Nova Scotia adUlt fishery for 

1965-1973 to the age composition of the population at the beginning of 1978 

as indicated by the VPA's reported in Tables 6-11. Thus, estimates of 1978 

age composition for the catch from southwest Nova Scotia are dependent on a 

particular VPA under consideration. Thus, with estimates of the 1978 catch 

at age determined as described above, the size of each year class was projected 

to the beginning of 1979 by applying the catch equation. These results are 

also given in Tables 6-10. 

-5-



PROJECTIONS FOR 1979 

For each of the VPA's, the size of the spawning stock (age 4+) at the 

beginning of 1980 and the catch during 1979 was calculated for various values 

of fishing mortality in 1979. The pattern of partial recruitment in 1979 

was assumed to be as indicated by earlier VPA' s for the period 1965-1973. 

The results are summarized in Figures 5-10 and Tables 11-16. 

DISCUSSION 

The results reported in Tables 6-16 and Figures 5-10 exemplify the 

degree of uncertainty in the current condition of the resource. Thus, the 

determination of optimum yield must not only reflect biological, economic, 

and social objectives, but must also reflect the degree of optimism or 

conservatism of the decision makers. 

According to the most optimistic analysis considered (20% VPA), the 

spawning stock size (age 4+) at the beginning of 1979 is 1.1 million metric 

tons. This is similar to the average spawning stock size during the period 

1965-1973 which was 1.2 million metric tons. On the other hand, the most 

conservative analysis considered (90% assessment) indicates a spawning stock 

size in the beginning of 1979 of 196,000 metric tons. This is smaller than 

the size of the spawning population in 1973 just prior to recruitment of 

the strong 1970 year class. Given the failure of the Georges Bank autumn 

spawning grounds fishery in 1977, and the relative low catches of herring 

by research vessels in offshore areas in recent years, and the low abundance 

of larval herring in offshore waters in recent years, the conservative 

analysis is probably more realistic than the optimistic analysis. 
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Surplus production in 1979 is heavily dependent on the strength of 

the 1976 year class. In 1977, 698 million fish of the 1976 year class 

were caught. The catches at age 1 for the 1966 and 1969 year classes were 

765 and 624 million fish. The catch at age 1 for all other year classes 

has not exceeded 50% of the 1977 catch. Thus, since the current assessment 

is based on catch at age data for 1977, even the most conservative analysis 

considered in this paper indicates that the 1976 year class is large in 

size at age 3. For the 90% VPA, the 1976 year class is estimated to be 4.7 

million fish at age 3 in 1979, or about 65% of the size of the 1970 year 

class. For slightly less conservative analysis (80% VPA) the size of the 

1976 year class at age 3 is estimated to be 6.9 million fish, or about the 

same si ze as the 1970 year class. Thus, unless the fishing mortality rate 

at age 1 in 1977 was extremely high (as it was in 1970), the 1976 year class 

is large (comparable to the 1963, 1966, and 1970 year classes) and will 

provide a greatly increased surplus yield in 1979 compared to recent years. 

The most optimistic analysis considered indicates that the 1976 year class 

at age 3 is four times larger than the 1970 year class, the largest year 

class previously observed. 

The effect of fishing in 1979 is illustrated by Figures 5-10. For the 

VPA's considered in this document, estimates of surplus production range 

from about 500,000 tons to about 3.5 million tons. In each case, unrealist

ically high fishing mortality rates would be required in 1979 in order to 

catch the surplus production. This occurs because of the contrast between 

the large size of the recruiting 1976 year class and the small size of the 

spawning stock at the beginning of 1979. This implies that in order to 

prevent spawning stock size from increasing during 1979, almost all of the 
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1976 year class must be caught during that year, obviously requiring an 

exceedingly high fishing mortality rate. 

Once a particular VPA has been selected (based on the level of risk 

which is acceptable) and the desired catch, fishing mortality rate and 

percent increase or decrease in spawning stock size has been determined, it 

is then necessary to allocate the total allowable catch between regions. 

In theory, the allocation between regions should be based on the size of 

the population within each region. Unfortunately, this is unknown. There

fore, in Tables 17-20, information on the catch by area, year, and month is 

provided. It may be adequate to allocate between regions based on historical 

distribution of catch between regions during periods when all regions were 

heavily exploited (pre 1977). Of course some modification of the historical 

pattern of exploitation between regions is possible, but it is unrealistic 

and dangerous to establish regulations which encourage a large catch from a 

single region based on an assessment of the status of the resource of the 

whole region unless sea herring populations are homogenous throughout 

(totally mixed) . 
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Ta,ble 1. VPA with ~tarting F's equal to 50% of the 1965-1973 average. 

(' \'rHFO 

----------------------------------------------------------------------------------------------.---
ME 

-.-----~--------~------------------------------------------------------------" En ll ~ 3 -t 5 6 1 0 g HI 11 AGE h 
----._---------------------------------------------------------------------------------------------

STCk:1:: SIZ£ HlllllOHS I HUI'IBER5 UEIOHT 
--------------------- ---.. -----------

J'; '~ iif9).a 91J!J.9 JOT4-6 J\l1iLfl 262iL5 121.6 '10.!11 -t!ll.1iI 1.6 • iii • iii 2SIHH.J iH30.J . u. 
19';b 010)." SH1.) 5668.1 2311.2 2963. B 19S)I). 0 316.8 11.1 J1.t! l.2 .0 2,41.(1.3 23s)3.a 
1).,7 11.03.1 H!)S.9 301)9.2 3191.5 10tl1.a 1""'LSI t34'!. • 1Ilft.& H.l a2.a .B a'HJ16.e 2H8.8 
I:;'';:; j816.~ SIi1l.S JUS •• 2':-41.2 2198.& la~S.1l 1203.3 690.S liH.Q 2,4, t 0.6 21311.1 a"01.1 
I?~;:' 3;1~.9 291!j1.6 Joge.l 2109.S 1591.9 lt~ ...... 71".6 "'9~.& 226.0 H.? 6.7 1616iL6 19a3.a 
I; 7,\ ).(,;\9.? 208!LS lIiS9. I) aHa.] llSlIL0 8%.1 S9!!.? B0.8 Ille.1 12. t 15.9 13122.5 153 ... " 
1'~7: ISS11.1 230".1 li.j2.a 1 HS.6 HHQ.1 61l .... 6 "05.8 c7 ..... 16,t,6 IH.B a·4.8 23cH.1 laO ... 8 
1 ;7:: 27J3.1 laSIS.? 1336.8 li52.0 556.a -4biL8 301.3 1~'L9 II D.1 19.2 :11.41 18959.£ 12:l7.6 I ,-~' 3537.0 2199.a B~a6.1 %5.5 253.1 118.5 120.1 8 .... 8 S7.~ 12.1 :11. .. 15921.2 tHa.1I :I' ;. 
1:1:" 5931.1 2859.B H2e.S 5131.1 ~30.0 108.B 5&.1 "8." 36.2 aLii 2L ... 16121.2 lJ86.3 
J '~;S 273',Lo 1658.1 IO-U.6 9£18.1 3001.5 in ... 3 59.& 30.S 21L0 16.6 H.a 131165.2 liBID.7 
I';;E S3~6." 2237.9 3110.3 llH6.*' 62/i.l 1501.6 100.1 iH.3 H.0 H.9 Ii), 3 H396.3 12H.:l 
Fi'7 JB\i09.13 '(311l.5 1111.6 2222.6 060.9 162.0 go.] 62.1 la .a' 5." 10.0 19030.( 1695.8 

CATCH AT AGE (MILLIONS) TOTAL 
----------------~------

196~ 273,2 ~b9d.1 162.1 320.3 16].5 36.3 "'.5 g.1I • 1 .0 .It 3675.6 
19.;.t WLil l1HB.S 1050.1 155.~ 537." 328.0 19.5 aLS 3.1 .2 .0 3593.6 
1%7 ?6~.8 1001.0 328.? "66. t 255.0 ~J0.9 HIi.~ 54.S 13.6 10.7 .3 3118.1 
I"-~ 161.7 3812.9 .. IH1.5 263.1 61lS.1 330 •• 5S ... 5 381.1 .a ... 1-4.1 3.1 61 .. 3.1 n,,~ 

196~ 1';5. j a35.9 013.9 36-4.S "59. j "2~.8 211,40 I a36.1 121.11 20.0 a ... 3898.8 
197(\ 623.6 IQ3~.a 263.5 1!H.a 503.9 276.1 illS.1i 118.6 19." 38.S S ... 39/i7.~ 
1971 2,,6.7 ilia • .) 590.2 .(33.1 ""3.6 291.1 227.2 111.9 62.1 36.3 8.9 Jaag.1 
Ina 16. Q 1955.6 li3.1 311.1 3-40. :) 291.2 Illa.1) 115.6 61.1 31.-4 13.3 3.0116.3 
197) "0." "22 •• 2CISI .• ,(1\3.1 110.6 12.7 S6.S :)7.2 as .1 15.1 1l.3 3213.8 
191~ ~b.1 551.3 l~l.S 1337.a 131. 3 33.6 17.8 11.9 1".5 6.6 1.1 235.(.0 
19f5 51.3 806.9 2!H.B 203.9 969.9 9a.9 26.B ta.2 !J.O 3.1 S.I 255".3 
1916 7f..6 551.9 .j22.a 171." 123.0 ~30." 29.\) 8.6 6.8 2.S 3.1 1839.0 
1917 69B.S 6~5.S 115.0 263.8 laB.O 75.1 203.1 IS.S 3.3 1.6 3.6 2153.0 

Fl51IIHG MORTALlTV tl£At4 
-----------------

1905 .0,(8 .3\10 .060 .09] .871 .IHIS .155 .251 .010 .00\l .000 .t80 
19ti6 .0Jfl .3117 .26t .&75 .aaa .199 .322 .362 .He .105 .0~~ .185 
1967 .011 .aS6 .12~ .115 • 16~ .279 ,-453 .393 . .u~ .1-46 .U0 .166 
19';6 .(H8 .6S~ .181 • DB ... 18 .35S .61la .02" .sn 1.683 .500 • .us 
1969 .0511 .36B .3~a .211 .319 ."!}2 .510 .1.(6 • SHE. -;091 .500 • Jll 
1970 .2ta ... 95 .180 • 516 ,501 .... Ii! .516 .-t!;lO .G0B .aGo.seQ . .3ga 
1911 .019 .3H .5\)3 :533 .Ii!!l .615 ."113 .633 .532 .630 .su .10S 
Ina .001 .1111) .12S '. ?~5 lolU lotH ,.e9B t.&a;! .8a8 .12.( .500 .251 
1913 .013 .231 .301 .bOg .6 .. (; .16a .1150 .65a .& .. 9 ... D0 .500 .2650· 
In~ .009 .il)\) .IGI! .331 .107 .-t13 .12t .3ta .571 .34S1 .500 .18G 
Ins .020 .a2-4 .191 .aS1 • .j31 .5£Q .tillS .515 .16a .200 .S00 .2l1 
1916 .016 .120 .15 fI .IH .iHl .353 .lSIl .-tag .150 .2U .seo .tU 
19n .020 .100 . I iii .H6 .100 .a31} .2B0 .320 .350 .31l0 .S0t .0sa 



Table 2. VPA with starting F's equal to 1965-1973 average. 
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Year 

1977 

1976 

1975 

1974 

1973 

1972 

1971 

1970 

Table 4. F's from VPA tables 1 and 3 relative to f's from VPA Table 2 for 1970-1977 and for the 
1968-1972 year-classes. 

Year-class 

1968 1969 1970 1971 t 1972 

Table 3 Table 1 Table 3 Table 1 Table 3 Table 1 Table 3 Table 1 Table 3 Table 1 

1.5 .5 1.5 .50 1.5 .5 1.5 .5 1.5 .5 

1.19 .67 1. 23 .65 1. 24 .64 1. 29 .61 1. 32 .58 

1. 08 .81 1.11 .78 1.13 .76 1.18 ~70 1. 22 .65 

1.04 .89 1.05 .86 1.07 .84 1.13 .75 1.15 .72 

1.02 .94 1. 03 .92 1. 05 .88 1.09 .80 

1. 01 .97 1. 02 .94 1.04 .91 

1. 01 .98 1. 02 .95 

1.00 .99 

( 



Table 5. Relative F' s for age 1, age 2 and age 3+ 

Year Age 1 Age '2 Age 3+ 

1965 1.26 1.12 1.19 

1966 0.82 0.88 0.85 

1967 2.03 0.73 1.22 

1968 1. 26 1. 87 1. 54 

1969 1. 34 1. 05 1.19 

1970 5.95 1. 42 2.91 

1971 0.55 1. 03 0.75 

1972 0.21 0.59 0.35 

1973 0.45 0.84 0.61 



Table 6. VPA based on 20% cumulative frequency. 

I (' 'Ill1£: 

--------------------------------------------------------------------------------------------------
AGE 

-----------------------------------------------------------------------------
VE.:.<i 1 a J -4 S 6 1 S g ta 11 AGE ... 
---~-----------------------------------------------------------------------------------------------

STOCK SIZE (HIlLIOHS) HUMaERS UEIGHT 
--------------------- ---------------

1~65 6ci72 .... ~36.7 3189.6 .08 .... 6 268 .... 5 "'57.~ tiH.9 be." 2.5 •• .81 '.11.1 l-4ea.l 
19Gb c.22S.7 5212 •• 5117.9 iH6S.S :M5S.4 2~~.S 341.6 1&.1 .. e.6 a.6 .f 8'42.2 hid •• 
1967 1 HaIL Ii • 0~5.i 31sa •• 3262.a 1118.5 2i11.7 138).S 2~B.a 61.7 a9.g 1." 8831.1 illsa .• 
l$1f,S 3831.8 8117.9 31.0 ... 228-4.) a2£1 .• DU.l 126".5 132." 121.-4 3i.l '''.Iol 8~.a 1747 ... 
1:)109 j7a9.7 ~91.7 313a.t 21-6 •• g 16l1.2 1221.8 766.2 Slg.1 25".3 6J.2 It.S 6636.8 14~S •• 
1?7() :l5~9.0 2~".S 1698.9 iH19.1 HiH.8 025.' 62S.' 3J12.g il3t.? o-t .2 a5.~ S8se.6 1262.8 
1971 15n8.1 23-45.2 HS~.6 1153.1 187 .... 115 .• 5'$1.4 ~1.2 198.0 111.1 -42.1 "11S." 919.2 
1972 2851.3 12bG~.3 131 •• 3 661.' 556.7 "03.2 32".4 21 .... Hi!. 1 161.2 63.S 2SSS.1 588.1 
19n 37~5.5 2322.1 8sae.6 m.o 261.9 153.8 131.1 OS.S 72.8 61.7 54.2 1833 •• 19S.8 
197-4 6b13.9 3032.5 15at.5 5a-4a.1:I 4sa.3 l1S.5 bl •• 61.7 -47.3 31.1 36.9 605-6.$1 1~1.9 
1 ~11> 29Q7.7 5373.3 198".0 it11. .. 3e91.3 aS2.S 6 ..... 1 .... 30.0 as.8 iH.S -46e3.1 oa .... 
Hn.; 420LS a-4~.2 3668.0 1:w;a.-4 60J.1 166 •• 9 123.5 as.S 16.0 23.8 17 •• 3921.8 82-4.3 
191'1 5S6sa.9 3137.8 1-46J.6 2561.6 955.6 457.3 073.2 74.1 15.8 7.7 11.3 SMS.B 1&28.3 
Hn8 -44958.5 aa31.& ltlH.i 186 ..... 666.1 lO6.B 61".1 ",.It) u .• 4.9 "Ge1.9 098.9 

CATCH AT AGE (ftIllIONS) TOTAL 
-----------------------

1965 ina. II 2600. I 16a.l 328.3 163.5 36.3 14.5 g.g .1 •• .f 544.6 
Hlba 168 .• 12 .... 8 1~9.1 155.4 531." 32& •• 71l.S ~1.S 3.7 .2 •• 1125." 
19b7 16-4.8 lit?' 32&.7 "".1 ass., "31.Q -4 .. 6.4 &".6 13.6 1'.1 .3 1677.6 
1068 161.7 381a.0 .. at.S 2£3.1 685.? 330 ... 554.5 38?1 ..t.-4 14.1 3.1 a288.6 
1960 16S.1 alS.!) sr7J.g 36".6 -460.1 42a.8 28".1 234>.1 121.8 2S.0 2.4 ISla3.\) line 623.6 16)6.8 263.& -rg1.1 sn.1ol 276.3 23S.6 U8.6 'XI.4 38.S 5.4 ea-ul.s 
1971 266." 612.0 S~.2 43).1 ""J.6 201.1 227.2 111.9 62.1 36.3 8.0 1626 •• 
lQ1'2 lG.' 1055.6 I-U.t 114.7 3.-4 •• 3 201.2 188.6 115.' 61.1 37.4 13.1 1361.6 
llnl 4a." -4':2.4 a610." ... 1.1 111.6 72 • ., 56.5 31.2 25.1 IS .1 11.3 131.6 In .. 46.1 5S).3 103.5 1331.2 131.3 33.S 17.8 11.B 1-4.S 6.6 1.1 156t.5 
to1$ St.l 886.0 ~1.8 263.9 060.9 ga.o ali.8 12.2 IL8 3.1 5.1 1324.3 Ins 16.6 55?\) .. aiL a 111." 12).' .. 3 •• -4 29.1ol 8.6 6.B 2.5 3.7 70a.3 
Ion 6~a.s '''5.6 115 •• eil .• 128.0 76.1 a63.1 l&.S l.l 1.6 3.6 eo· .. 0 
HI?S l~.' 1618.' 1-4) •• GIL. H1.. -4a •• aG.' sa •• 5 •• a.' .2 353.a 

flSHIHG ~ORTALITV It£AH 
-----------------

1~65 .'H1 .385 .158 .iiIi • tog .~ .14' .199 .... 5 .M' .'" •• iIS 
UibB .63' .:lil .aS6 .172 .alS • tOl .295 .318 .166 .118 .6M .1" 1!)b7 .616 .2S3 .t22 .111 .162 .261 .Hi .no .3-41 .491 .2" .231J 
1'168 •••• .649 .tB4 .flU .... .335 .£51 .asa ... 63 .16_ .2t6 .3~ 
H16~ .&~ .366 .338 .261 .3bQ ... ,. .5a6 .6st .1gl .601 .264 .39$ 
101. _ens .40e .187 .U1 .40. .:b)7 .528 ... aa ... 13 .501 .ant ... sa 
unt .610 .337 .ila .saQ .60~ .So. .667 .S6--4 ... 10 ... 12 .2nt .665 iota .us • tilt .14lB .1ao 1.U6 1.t4>t .liOa .lna .• no ... at .cu .au 
1073 •• HI .ail3 .2~1 .$86 .itS • 1 a ... .608 • 513 .... 1 .. .313 .261 .51'1 
t074 .U8 .22 .. .151 .lU .393 ,31" .3as .234 .... 11 .il1 .2£4 .333 
101fi .610 .2U .116 .alli .4'H • SUi .£iG .41iG .314 .t1i .26t .343 
U:r?fj .ac. .205 .111 • Hi' .2U .3;)5 .360 .391 .69t .in .aet .2S' 
lQn .61" .e:u •• ~1 .1ee .161 • 1 Oil .au .26 • .au .2S1 .2-Ot .16S 
Ul7a .". •• ·41 .us . tn .611 .na • .08 .13' .las .au . . ..., .us 



Table 7. VPA based on 50% cumulative frequency. 

''': Vni( 
--------------------------------------------------------------------------------------------------AGE 

-_ .. _-------------------------------------------------------------------------
','£.:.1' , a l • i 6 1 B g 1. 11 AG£ "I" 

_ .. _------------------------------------------------------------------------------------------
5TOC~ SIZE ("lllIOHS) tuGERS UEIGHT 
--------------------- ---------------

19G~ Ge;' •• -4 gUS.1 :w.o .• 3945.3 26(;1.] -4,g.4 182.1 .6.1 1.. •• •• 71a7.1 tJ,U'.6 
1~6b i,lS3.S Sill.S se451.0 23~1.g i!Q..tt. 1 ,081.a 311.1 15.5 aa.g 1.1 •• ,eoa.a 1516.<4 
1~67 11"20.a 4a&s.!) 3t86.3 3181.3 17aiL 1 10a".3 1331.1 it3.t .. a.s aa.3 .1 8.65.8 1716.4 
l~b£ 13(\6.1 il66a.3 ~gs ... za30.S 218".8 1 221L 4 UU.l 1i1)8.1 l~.8 22.6 7.1 '2653.3 1 bOiL Ii 
1?69 ~61O.' 2Q7~.S 3683.1 2101.6 1509.1 1173.1 1U.1 -477.1 (21).1 46 ... 5.5 6315.8 136 ..... 
l~~O nss.s 2869.5 1681.6 21·411.8 t~.6 ha.~ S8l.G ~ ... 18&.3 ££.6 12.3 5585.0 IUS •• 
1~71 H~6S.S 2213.3 '4as.0 lt3O.S 1'''3.6 60B.1 410.9 U1.J 15'.1 7 •• 1 ae.3 3872.2 851.6 
1912 2223.S 11a77.0 1262.6 b31)'6 s",s.a 451.8 3tl.l tW.l 111.6 72.2 3 ..... 2)51.9 511.2 
lw':"1 ,~6",~ 1801.6 7"'3.S ~".8 242.0 lH.6 116.1 81. .. 53.6 38 •• as.1i Ib61.1 33~.7 
B-;'4 )*~.2 a061.7 ilU.:; "~.3 la~.6 10&.1 53.S "'S.l 33 •• i!1.5 17.6 ... S>5? .1 a!H.S 
1975 1736.5 3t~7.1 1192.1 ?ab.1 inaS.3 10 .... fiLl 21.0 ali.] ...... 11.6 3318.6 678.8 
1~76 Gb17.s 13n .• ua1.a 714.3 -411.9 1636 ... ?S.O 18.6 11.0 liLI a.s 2298.2 465.S 
1971 ll2~~.g 2&90.7 628.6 1111.5 .. as .... 226.a -%3.6 lS." 7.5 3.1 8.2 2282.2 .66.1 
1 ~7tl 17~7.a 1132.6 -411.1 613.' 232.6 118.4 10n.l 15.1 3.a lo6 1653.1 35S.a 

CATCH AT AGE (~IllIONS) TOTAL 
-----------------------

1!;k)5 il71LB 26~.1 16Z.1 32t.3 H;3.5 36.3 "'.5 0.0 .1 •• •• 5 .... 6 
1%0 168.8 la .... 8 1~ILl ISS." 537 ... 328 •• 11),5 eL5 3.? . 2 •• 1125.1 
1%1 7s.....8 lU1 •• 321.1 "'".1 ass., "31.0 "4'.4 '''.6 13.6 11.1 .3 1617.6 
19tia 16l.7 3812.0 4U.6 2bl.1 685.1 330." 55 ... 5 381.1 4a." 1".1 3.1 za88.6 
1~t)9 165.1 8lS.0 Sl7l.fI 306".5 450.1 .. a •. 8 at ... 1 236.3 121.8 2S.Q 2." 1~3.fI 
1970 623.6 li:W.1 2al3.5 ~1.8 S13.0 216.3 23S.6 118.6 11)." 38.5 S ... ee ... o.s 
1971 2".1 612 •• SS)e.2 43l.1 '4043.6 2~H.? cal.2 111.G 6a.l 36.3 a.g IG20.& 
un2 1Ii.6 11)SS.6 143.1 3 ..... 1 3 .... 3 291.2 188.' 115.' 6t.? 31 ... 1l.3 1361.6 Hn) 1a." "2a." atI9." .. tl.t 116.6 72.1 56.S :n.2 25.1 IS. t 11.3 731.6 
1In .. "6.1 553.3 103.5 1331.2 131.3 33.6 11.8 11.8 14.5 6.G 7.1 1560.5 uns Sl.l 896.£1 ag1.8 20l.S! 060.0 giLSI 2G.8 12.2 9.8 J.1 S.1 132".3 
IInb '16.& S51.S! .. za.2 In.'' itl1.' H .... 2g.g B.6 6.8 2.S 3.7 782.3 
Ign 6~8.S '45.5 115 •• C!6l.S 128.S! 75.1 2t3.1 15.5 3.3 1.6 3.6 IiO ... Q 
Hnt/ llb.1 1606.' lba.' 61).' 135.' 38 •• 26.' &a •• -4.11 2 .• .2 336.2 

FISHING "ORTALITV MEAH 
-----------------

1~65 .... 8 .JiB . ttl. .eg .. .en .IM .16 • .~g ..al .eM .au .188 
lObS • /631 .JU .U2 .616 • za .. .2" .336 .n ... .15a .213 .... .178 
1961 .In .251 .12S .116 .1'71 .2S2 .<451 .~ .432 .BSl .661 .as1 
1S)b8 .... a .655 .181 .ilO ... 21 .361 .111 .!Hl .616 1.217 .66' ... u 
l~g .• lit .'36Q .1-43 .212 .381 .4ga .&'" .n. .O~ 1.ta4 . fit. •• 26 
107. .a26 ."$10 • tag .SH~ .6t. •• 16 .581 .519 .655 .Q81 .661 .516 
Igl1 .t2t .361 .6ta .631 .6a4 .fiat .7afi .651 .611 .1iHi .6S' .613 
11)72 ."8 .2ta .133 .768 L 1i~1I 1.161 1.HS .. _61 .~ .. .t2O .6St 1.U-4 
HI13 .611 • 2~S .l62 .'" .621 .10-1 .1'5' .601 .116 ."1 .'Sl .il1 
101 .. ,tll .3"8 .215 ... U! .,n .. . .. s. ... Ii) .338 .6.a ."11 .£s. ... 23 
1015 .631 .363 .313 .3U1 .us .13& .1121 • fiSt .Sla .ll2 .6sa .5GG 
t016 ,631 .5Il4 .~-4 .318 .)1)6 ....... .6el .n .. • OtiS .2 .. 2 .6S' •• 71 
Hln .,)5 ... 13 .2a5 .3t4! .... -4 .46. .651 .'fil • liS] .'lil .£6' "us lOla .. 1. .ita .431. .20" .a-40 .101 .a?s • -4Cb6 ,3"3 1. ill .Hi .asi 



?;j' ~ 
Table 8. VPA based on 80% cumulative frequency. 

!C "T~ 
--------------------------------------------------------------------------------------------------AGE --"._--------------------------------------------------------------------
\'E~ 1 a J .. S i 1 S " 1. II AGE: ... 

--------------------------------------------------------------------------------------------------
STOC~ SIZE (HILLIOHS) tU'I»£1t5 Vi: I GHT 
--------------------- --------------

1~5 6~g.i ~gs.a ~6.t :was.] 25~.1 "H.l ltu.a H.l 1.a .t •• 7d6.g 1337.5 
19bQ .1-43.6 61a6.1 se).4.8 in31.3 ;:!025.' UI7t.l :WS.l 7l.Q ir7.2 .0 •• " .. a.s l~.' 1~';7 U"18.1 "870.1 :M16 •• 3169.1 1168.<4 1911.1 132".3 119 ... ..1.2 11.9 .6 8"13.5 116".1 
l~t 3g0a.c 8£52.1 ~£iO.6 aala.9 ans.) la18 .2 1111.2 Ga".t s)1.SiI 21.5 i.' 16tl.' 1£S •• 6 1009 )..;&~. 9 ~Q7.l JC76.s 2Mi4l.1 IS8a.8 11Sb.' 69a.6 "&8.8 ilS.a ...... •• b 6a1'.a usa.a 10':'0 33Gii.] 206".8 1610. ~ aDS.) n88 •• 893.8 577.6 31iLO 111.2 6a.1 1 .... 55 ...... 111<4 •• 1971 lS82a.8 alg ... ~ Haa.' 1137.3 lalO.1 us .• 175.8 2£.2.2 lSt.G 76.9 .7.a 38'37.5 441.0 
l!'n~ i07S.1 ll~H.£ 12 .. 7.5 636 ... SH." "51.2 3U.l 186.? 10O.l 67.3 2S.1 l~3.1 sal. I 191) 24u2.1 1687.8 1311. 1 i~a ... 2 ....... 111.1 111.8 7S.O 50.9 3 ... 6 21.8 tS7S.Q 3aa.0 un ... )S61. ... 103 Ll 1002 .... .. 112.6 31 •• S 9a.' sa ... ...a.8 31.4 10.2 1".0 "001.8 8£.2.0 1075 15"'S.l 21lH.l 101l .... 5 ''''6,6 a216.0 IIlS.1 5'.1 aG.G a ..... liLI 0.8 J111.1 638.1 lQi6 22 ..... 3 l,a.H .5 1551.6 GlS.1I 3"'6.6 0<48.1 60.a 1'1.2 11.1 11.2 1.1 aUG.s "'JJ.a lfln 11203.5 1768.S 501.8 89& •• 3SJ.l 113.5 301.0 ~.g 6."t 3.1 6.0 18~.1I JSt.S Ina HHBL0 "9.1 ~1.1 "~,8 11J.1 H.9 131).0 16""1 2.3 1.1 1206.a 258.6 

CATC .. AT AGE OtlLLlONS) TOTAL 
-----------------------

li)6S ina.S a6~.1 lbZ.l 3<! •• J 16l.i 36.3 14.5 g.v • t •• •• SH.6 1!)s6 168.' 12"0.8 11150.1 155." 537.4 328.' 19.& iH.& 3.1 .2 .t 112S .1 1961 16".8 1~7 •• 3211.1 .. 66 .1 2SS •• "36.11 .... 6 ... 5 ... 6 13.6 1'.1 .3 Hi17.6 
1~ HiLl lata.!) "Oi.S aGl.l U5.7 J3S1." 5S".S 3117.7 "~.4 .... 1 3.1 2288.6 IP60 165.1 1l34i.SI 013.0 3&<4.5 450.1 .. aa.s 28".1 2J6.l lin.S 28.0 c.4 1023.9 
Hn~ £G.3.' Ult.a 263.5 7iH •• S61.A aU.3 235.6 118 •• ~.4 39.5 6 ... a0<1g.s 1011 260.7 fillL' S~.2 03.1 Hl.G 2f.1 t. 7 227.2 111.0 ta.l lti.3 8.0 16241.8 lsr1a 16.' 11)55 •• 1-43.1 31".1 :H'.3 291.2 188.' 115.' 61.7 31 ... 13.3 1361.6 1913 16 •• -422 •• etl0.1 "6J.l 116.6 12.7 56.S 31.2 CS. t 15.1 1t.3 131.6 1014 ",6.1 5Sl.3 103.5 11)1.2 131.3 33.6 11.8 11.8 1".5 G.6 7.1 !&Sa.s 1975 St.l 886.9 21H. B all.S! OliO.O ga.g 26.0 la.2 • 0.8 3.7 5.1 IJeLl linE) 76.6 651.0 1<!a.a 111." 12l •• .. 3 .... 20.9 0.6 6.B 2.S 3.1' 78-2.3 1 SI?7 6S1S.5 645.S 115 •• Ul.B laa.o 15.1 203.1 16.5 3.3 1.6 l.6 69<1.9 1018 Uti •• lS1Li 31 .... 71.' 1 ... a .• -41.1 2S.' 63.' ".i a., .2 3~.a 

f I SHIHG I'\ORTALITY t£AH 
-------------~---

1~5 ..... 8 .3~a .fl61 •• iH .In . tea .163 .allJ .~3 ..... •• tt .~ 
1~ •• 31 .3eg .263 .616 .2a6 .211 .335 .38" .1GC! .211 .Ut .1.,g 1%7 .617 .251 .H!S .116 .173 .2a. ."bl ... 06 ..... 0 .osa .a:w • as) 
10£8 .a-49 .656 .us ..... ."iH .365 .7al ,1.)56 • Get 1.3l1 .83' .<136 1 !)SO .0S1 .369 .343 .au .383 • sta .EO~ .~li 1.'31 1.a ... .8~ .-431 197. .iU!1l .liet .180 .S211 • Sit! .119 .50' • filS .60) 1.a-gS .alt .Gal 1011 .• aa .3(;' .ofl" .S3!l .62a .GG'S .735 .616 .6ea .81£ .816 .&a1 Ina .uo .a16 .1lS .17" 1.t3~ LU .. 1.135 1.161 . os. .gal .Q3j 1.t2S unJ •• 10 .lal .)£1 .619 .e01 .us .118 .121 .17~ .6"8 .13a .7.7 HrH .elS .311 .a38 .132 .... Ot .<l1t ... G5 .lb' .1641 .Hl .134 .,H1 
1Il1S .':)1 • .ell .35' ... a .. .6 .. 0 .1a1 .811 .6.82 .f>11 .182 .Ile .61" 1016 .&38 .60. .36) .31a .-4\)a .684 .6l8 .16S l.tU .au .8341 .!iSS Ion .0.b0 • lilt .2W .3gb .5" .6". .83. .aag • at! 4 .831 .8lt .5'" t 0111 •• 78 • Uti .63'" .~a .316 . 3d. .-46& .616 .'26 i.SGI .~aJ .391 



Table 9. VPA based on 90% ffild 50% cumulative frequency for ages 1-2 and age 3+, respectively. 

't'TQ 

--------------------------------------------------------------------------------------------------AGE 
-----------------------------------------------------------------------------

YE~P 1 G J 4 5 6 7 8 ~ 1e 11 AGE 4" 
-----~--------------------------------------------------------------------------------------------

STOCK 5IZE (MILLIONS) tlUt'lBfRS UfIGHT 
--------------------- ---------------

1~5 651 ..... SH15.7 3~"6." J~"5.J 26e7.l 41SJ.4 la8.1 46. t 1.4 .a .e 7127.7 13"5.6 
i~6 6153.5 Sil1.S 514~.' 23H.Q 2041.1 HIS7.i! 311.7 1S.S 28.0 1.1 .f 7b02.2 IS76.4 
19.)':' ;,t -426.2 488&.0 3UG.3 3181. 3 1782.1 t1l24.3 1331.1 183.8 4a.S at.3 .7 , .. 65.8 1776.4 
1~6 3Se6.1 8££6.3 3t~.4 2236.5 £l184.iI 122~.4 1188.1 £~.1 1H.8 22.6 7.1 1b53.3 1££2.6 
I%g 3686.6 201 •. 5 3683.' iHtl.6 15BlL 1 1113.1 nt-8 417.1 ~2e.1 046.1 S.S 6315.8 1364.4 
1~;O 3388.S 2S6~.5 1691.' i1l4 •. 8 1)92.6 888.9 583.9 32 .... tU.) 66.6 12.3 S58S.1il li8S •• 
1971 14&611. B 2211.3 112£.9 1130.S UH.' £88.1 410.0 261.3 156.1 76.1 2 •• 1 3812.a aSl.S 
lO-:-~ 2223.5 1I2n.9 1262.6 630.6 5"'5.2 04S1.8 303.1 10e.l 113.5 12.2 ~.-4 1!35Lg 511.2 
197'3 256".4 IU1.6 1473.S ga".B 24iL 9 lH.5 116.1 8t.4 53.6 38 .• 25.8 1601.1 33 •• 1 
IS:4 3055.2 2063.7 1101.3 .. lilS.3 388.6 IU.l 53.5 -45.1 33.4 21.5 11.6 4951.1 S91.5 
1975 1138.5 3191.1 11!~2.1 126.1 2325.3 10 .... St.8 27.9 26.3 14.4 11.6 3370.0 678.8 
HOG 2631.S 1317.4 ta2L2 114.1 411. 0 Ulb." ?S.O la.6 1l.9 12.S 8.5 2290.2 4aS.S 
1977 9716. I) at90.1 628.6 1111.5 42S.4 226.8 "63.6 35.4 1.5 3.1 8.2 2282.2 466.1 
t~ia 7375.3 1132.6 411.1 673 •• 232.6 118.4 108.1 15. t 1.2 1.6 1653.1 355.8 

CATCH AT AGE (t'lILLIO«SI TOTAL -----------------------
1965 218.8 261iHl.l 16Z.1 320.3 163.5 3ti.3 14.5 9.9 .1 .8 .0 541.6 
1966 168.0 12U.8 1&59.1 155.1 531.1 328.1 19.5 21.5 3.7 .2 .0 1125.7 
1967 764.8 1807.6 328.1 466.1 255 .• 4Je.g 1-46.4 54.6 13.6 1 •• 7 .3 1671.6 
1968 161.7 3812.S! 4&a.S ~61.1 68S.7 33$1.4 SS4.S 381.7 4'.-4 14.7 3.1 22B8.6 
Ig6\) 165.1 S3S.SI g11.1) 364.5 459.1 426.8 28 •• 1 al6.l 121.8 211.9 2 •• Bl23.9 
lIne 623.6 tellL B 263.5 191.8 503.9 216.3 235.6 t 18.6 10." 38.S S ... 2&49.5 
UHl a~.1 6ULI Sge.i! "33.1 443.6 291.1 221.2 1l7.9 62.1 36.3 8.9 1620.8 Ina 16 •• 1955.6 143.1 314.7 3-41t.3 291.2 IBIL0 115.& 6t.1 37.4 13.1 1361.6 
1973 40.1 ·W~.1 a.ilL4 403.1 li0.6 12.1 56.S 31.2 25.1 15.1 11.3 131.6 
191 .. "6.1 553.3 un.s 1331.2 131.3 33.6 11.8 11.8 14.5 6.6 1.1 1566.5 uns 51.3 886.$1 291.8 263.0 !:IbO.O 92.9 26.8 12.2 0.8 3.1 S.l 13204.3 
1!:176 76.6 557.9 422.2 111.4 123 •• 130.4 21).0 8.6 6.8 2.5 3.1 1B2.3 
19n 69B.6 6-45.5 115 .• 263.8 1211.$1 75.1 263.1 15.5 3.3 1.6 3.6 694.9 
1S178 136.6 1461). a 362.' 69.' 135.' 38.t 26.' 62.6 .... 2.0 .2 336.2 

FI5HIHG MORTALITV r'l£AN 
-----------------

1965 .04a .31:11 .06Q • iSH .072 .1041 .16e .261) .0B2 .tet .000 .0all 
1%6 .e31 .308 .262 •• ,6 .224 .206 .33t .:n4 .152 .233 .Ut .178 
1!:161 • tin .251 .1i~S .116 .111 .282 .457 • 3gb .432 .853 .65. .2St 
Ig68 .6 .. 8 .655 .187 .139 .421 .361 .111 .94) .576 1.at1 .650 ... 26 
1069 .051 .361) .343 .21a .381 .• 1g8 .584 .11-4 .995 1.1a. .6S6 .126 una .aaG .499 .109 .510 .sa .. .-416 .581 .!iH) .655 • fun .651 .S16 
Inl .iat .361 .61i2 .531 .624 .621 .726 .657 .571 .726 .656 .6ll 
1012 .008 .212 .131 .1U 1.128 1.161 1.115 l.U1 .8"" .829 .6S6 1.601 
1913 .618 .296 .352 .G66 .681 .1~H .1st • .,01 .115 .S7' .6sa .681 
HI 14 .613 .3-48 .i!lS .416 ."'4 .458 .-4S3 .338 .642 .111 .651 ... 23 
1"15 .133 .363 .313 .lbS ."8 .138 .121 .6sa .saa .332 .65' .666 
1976 .e33 .5a4 .294 .118 .306 .604 .561 .164 .li68 .il42 .656 .-411 
11)17 .182 .411 .22S .~a ..... • .. 5. .65. .651 • 653 .639 .65 • ."15 una .ns .a., ... 31 .a ... .24g .11:1a .il16 .4ai .343 1.llt .148 .256 



~.-. ~h 

Table 10. VPA based on 90% and 80% cumulative frequency for ages 1-2 and 
age 3+, respectively. 

Ie '(TJ1E 
--------------------------------------------------------------------------------------------------

ftG£ 
-----------------------------------------------------------------------------V[HP' 1 a 1 -4 5 ti 1 a g u 11 AG£ ... 

-----~~--------------------------------------------------------------------------------------------

STOCK SIZE (nILLIOHS) tu1»ERS UflGHT 
-~------------------ ---------------

19';5 65f:lil •• ~0!i18.a 30i!6.t 3!i1i!5.1 ~\i}6.1 114.1 166.a +4.1 l.a •• •• 7U6.g 1331.5 
t9tili 61H.6 S1e~ .• 503 .... 8 2331.l ~as .• lIna. t 366.3 73.0 al.2 .0 •• 76 .. a.6 1"6.' 19ti7 11"lil.1 "a78.1 3616.8 l16~.7 1168 ... 1 gtl • 1 132-4.3 11'0.4 41.2 1(U~ .S 8413.5 1764.1 
1~o3 3802.2 86sa.1 JUIl.6 2222.0 iH1S.1 12ta.a 1171.2 684 •• 01.0 a1.i 6 .• '1Ul.' .6St.6 
1"6') 3680.0 eon.l 3676.6 2606.1 1582.8 1166.' ~~.6 468.8 alS.a 4-4.' 4.6 lint.a usa.' 
197~ 33Gti.l 2864.8 '671.0 213S.1 1388.1 883.8 5n.6 312.0 113.2 b2.1 1'.4 55-44.' 117 .... 
1911 13822.8 219 .... 9 1422 •• tl31.) 1.J~.1 695.' 4?'5.8 262.2 lSi.' n.o 11.l 3831.5 a-u.G 
HI?': 2G7!.111079.6 U47.S S36." 543." 454 •. 2 JH.t 186.7 ltlLl 67.3 25.7 2323. t 521.1 
1913 'Hea.7 lGa1.9 1311. 1 SQa.4 a ...... 143.1 111.8 18.fI 5~.C 34.6 21.8 1575.0 la2.0 
191-4 3561 .... 1016.1 U~2.4 "'112.1 31 •• 5 oa .• sa." 1'!' 8 31.. lIL2 H.g 4801.0 lUia.1l 
1915 15-48.6 2S14.1 1084.1 6 .. 6.6 2211.' 185.1 56.1 a6.9 2 .... 12.8 0.8 3173 ... 638.1 
1076 aaa~.s 12at.1 IS51.S 625.5 346.5 ~a.l 60.2 11.2 1 t,1 11.2 7.1 2636.2 H1.' 1971 fl79SL 5 11g8.' 562.' 8~.' lSa.g 173.5 392.8 ~.O 6 •• 3.1 6.0 1860.7 lal.4 
1078 7:)85.4 Bfll.8 3.'.S 400.8 113.4 74.0 139.9 ".1 2.l 1.1 1206.8 as8.S 

CATCH AT AGE (nILLIOHS) TOTAL 
-----------------------

1~65 a18.8 ~~a.l 162.1 J2e.) 163.5 36.3 1-4.5 9.1) .1 •• •• 5H.6 
1966 168.& la40.8 16S!Lt 1SS.4 531 •• 3ea •• 79.5 l!t.5 3.1 .2 •• 1125.7 
1~G1 164.8 1661.' 328.1 ~.1 C55.' 43 •• 0 H6.4 54.6 13.6 It.1 .3 Isn.6 
1068 UH.7 l:81a.~ 4Ba.S 263.1 685.1 330.4 554.5 la1.7 4'.4 14.1 3.1 22a8.6 
ISl60 t 65.1 835.~ g13.~ 36".5 459.1 "'21.8 284.1 i!)6.l 121.8 as.\) 2.4 11123.9 
H~U £23.6 U3i.a 263.5 191.8 S'3.0 276.3 2lS.6 U8.6 7f1." 38.S S.4 2'''0.S 1071 US.? 612.' sO •• a .. 33.1 -443.6 291.1 221.2 117.~ 62.1 36.3 B.O 162'.8 If172 t6.a 1955.6 143.1 314.1 341.3 iHIt.2 188.' 115.' Sl.7 37.4 13.3 1361.6 
1973 .. 6.4 422.4 a619." "'3.1 11'.6 12.7 56.5 31.2 25.1 15.1 11.1 131.6 
t074 -46.1 553.3 103.5 1331.2 llL3 33.6 17.1 11.8 14.5 6.6 7.7 15GB.5 un!) SLl SB6.\) 20La 2'3.0 060.g ga.9 26.8 12.2 IL8 3.1 5.1 132 .... 3 
1076 76.6 551.9 42a.2 111.4 123.' .. 3t." 20.0 B.' 6.B a.s 3.1 182.3 
1S1n 6gS.S 645.S 115 •• ~l.8 taB.O 15.1 2803.1 IS.5 3.l loS 3.6 69 ... 9 
Ifl7B 136.' 1418 •• 381 •• 19 •• 1S4 .• .. 5 •• 26.' " .. 4.6 a., .2 376.2 

fI&HING MORTALITY HEliN 
-----------------

1%5 .'Hi .3W .&61 .aSH ."'t! .1ea .163 .2U .ag3 .... .eN .eag 
Hi6G .a31 .31g .U3 .U6 .~6 .281 .336 .)8" .162 .211 .t" .1711 
1061 .in .as7 .125 .116 .113 .294 ... 61 • .c.o ..... 0 .~a .e3t .253 
UI6S .'48 .658 • 1 III .1'" .42" .3£5 .121 .US6 .'&1 1.337 .836 .4:lt 
1060 .iSI .lb9 .343 .ala .383 .saa .S~ .71)6 1.'33 i.a4' .8Jt .... 31 
1016 .228 .SM .1" .52, .US .410 .&~8 .535 .601 1.tgs .836 .S21 
191t .122 .ltlS .u ... .5~ .62a .~i .13(; .£1S .61.\2 .81i .131 .621 
1012 .i6~ .il' .11S .n4 1.134 1.184 1.1lS 1.U1 .fiGt .Da7 .83' l.ta6 
1013 .'tD .3al .lil .611) .'01 .a~ .11i .7iH .112 .64' .836 .7.7 
llil14 .tts .3TI .2'lt .4la .4~l . ..,. .<tf>6 . lb. .1" .411 .ut .4 .. 1 
11m; .U1 .413 .~ ."'H .6 .. 0 .181 .111 .Ga,a .\)11 .38a .I:H .614 
1~6 •• 38 ."0 .3fil .J1a .... 1Hl • liB:) .il8 .781 1.88-4 .au .81. .656 
1917 • till} .400 .aoe .~ • lilt .6 ... . all .U9 .lliH .831 .Ilf ., ... 
U18 • 611 • ill? ., ... .331 .415 .335 .41'11 .122 .6a, a.su .Ul .4a1 



( t.../ Table II. VPA based on 90% cumulative frequency. , 

I( "THE _____ 0 _____________________________________________________________________________________________ 

AUf: 
-----------------------------------------------------------------------------\,[.:.r. 1 l 1 .. 5 Ii 1 B i it 11 AGE ... 

--------------------------------------------------------------------------------------------------
STOCK SIZE (nlllIONS) tu1IERS UEIGKT 
--------------------- ---------------

1~';5 cSSS.1i g0g1. 7 lliH7.1 lIH1.J i!1i!H.6 "lB •• US ... "1.1 1.a •• •• 111'.7 llJ".l l~ii& 61llUi 5115.1 6a~ ... 2le".3 2918.5 t01".6 l~",S 11.a e6.5 .9 •• 1GU.5 1"1.8 1~o7 11"05.1 "87'S.! lG7J.l 3165.1 t'tGa.g t~.1 1:121.3 u11.g .... 1 sa.4 .5 &31)2.? 1166.1 
l~6S )eoo.Il 86 ... a.g 30IlS •• 2221l.' 2111.6 12ll.'I 111a.9 41tll.6 li6.1 aLl 6.5 7SaJ.2 l64S.8 
HIIi~ 3sn.l 206i.t 3613.8 leO).' 1SU.J 11£2.9 690 •• "6S.l 213.:1 "1 •• ".3 '~ .. l3"a.a 1~';'~ 115i.~ 286l.? u~n.~ iHl3.1 lJa6.a 8tH.I 575.2 31 ••• 17'.3 61.2 g.1 5Sl'n." libO.6 19i1 1 J'i2S.1 2187.1 l42Q.l 1l:16.S 1631." GBl.S "·H.t 2£ •• 2 1·41.6 Ga.' 15.0 3B23.1 U8.1 1912 2(1'13.1 1l(,)~.1 12-41.2 636 •• s .. a.l "52.1 2011.Q 186.4 101.1 65.3 23.8 2311.5 S19.fi Ig7~ 1:321 •• 1683.3 1iH6.1 881.3 239.a 142.5 HiL1 18.6 4g.8 l3.3 26.2 156l.' ltSl.S l~N ).(b~.ii 1864.6 9911.1 ·4120.' 366 ... ~.1 SLO ·H.g 36.6 lB." 13.8 "",(0.6 8S1.5 I?~ 1"b3.~ a7~." lela. 1 6H.b ill1 .... U2.3 .. IL4 il6.S ill.? tiL 1 9.1 J12~.8 G21.7 1976 2280.S l1S6.a 1403.a 581." JH.e g13.3 GS.5 16.6 16.8 ,'.6 6.6 1949.9 415.) 1n;- n76.~ 119a. t 44B.S 8-43.5 316.8 111.6 361.6 27.7 G.g 2.8 6.4 1738.2 3S6.3 
1~7a 1l15.3 a~)3.9 264.a "S3.g 1 ..... 1 13.3 111 •• B.O 1.9 ,9 1064.1 aa'1.1 

CATCH AT AG[ ClHlLlOHS' TOTAL 
-----------------------

1965 278.8 aSS/i. 1 16iL 1 lat.l 163.5 :wi.l 14.5 1UJ .1 •• • • 5 ..... 6 19G& 168 •• 12<16 •• 1159.1 ISS." 531 ... lla.' 10.S i!l.S 3.1 • 2 •• 11i!5.? 1961 16".a lCG1 •• 32B.1 .. SO. 1 ass.' ":M.Q ""6.4 5 ... 8 11.i ".7 .3 1677.6 106ft 161.1 38UL~ "86.S iHi3.1 US.1 3")g.4 65".5 381.1 4a." 14.1 1.1 22B!.S 106g 165.1 835.0 913.0 36".S .. 50.1 4a6.a rul4.1 2lC.l la1.a 28." 2 ... I02l.g 
107~ £,23.6 103a.8 263.5 1111.B S63.0 276.) 235.6 11B.6 7~.4 3B.S 5.4 ee .. o.s 1011 266.7 61a •• soa.a Hl.1 .... 3.6 201.1 U1.2 tt1.0 62.1 36.3 8.9 1628.8 Hl1a lG.i UlS5.6 lU.1 3'''.1 3 ..... 3 201.2 188.' US •• St.1 31." 13.3 1361.6 urn ..e ... 1aa." ~lO." "'3.1 116.6 1a.'1 £6.S 31.2 25.1 15.1 11.3 731.6 101 .. "6.1 553.3 103.5 1331.2 11L3 33.6 11.8 11.8 11.5 '.6 1.1 lSGt.S HI15 51.1 886.9 201.8 2el.0 ~g.o 02.0 26.8 12.2 g.8 1.1 5.1 132".3 urn 76.6 551.0 422.2 111.4 lal.' 4)1." 20.0 8.6 6.8 2.5 3.1 1S2.l lon 608.' '''5.5 115 •• 263.8 12fl.1i 75.1 at3.1 15.5 3.l 1.6 3.6 60".0 l07t 136.' 1"'0.' 30 .... 15.' 151. •. "1.' 21.' G3.0 4.' loS .a 36a.1 

FISHING noRlALITV n£AH 
-----------------

HI65 .IHI .:wa .t61 .6Q4 •• 12 .1ea .t64 • aag ,.OB .N' .... .100 1066 .131 .311 .aGl .In .ea6 .2-ta .ll1 .3S8 .161 .aao .tH .18' 1067 .in .2S1 . las .In .113 .285 ... 62 ..... .456 .g~. .01" • as .. HISS .1)"" .6SS .188 .14' ... as .366 .n .. .\,/ila .6t6 1.~a .1"13-4 ..33 
lO6~ .'51 .ne .3·H .al2 .313 .se4 .6~ .e.s 1.6"0 l.~l .~J-4 .0433 lin. .2aa .St1 .IW .5al .6n •• 21 ,1;93 .S4a .11" LHS .1)3" .62-4 1011 .a2a .3U ."6 .530 .629 .621 .13g .fii2 .iiUi .86a .03" .6a" 1012 .6&0 .211 .1~ .nl 1.131 l.illl 1.""" 1.lIS .nl .sna .filH l.ell 1013 .110 .3.aa .3GS .U-4 • 7~a .Ut ,1~. .13-4 .?Iin .Gaa ,034 .116 1914 .t15 .3\13 .a3l) ... 30 ,.0108 .-416 • ·411 .:n • • 'laS ... 1>0 .03-4 ..... 8 lil/Ii ,ilil .... 21 .312 ... 26 .6ti1 .8.0 .lhl2 .6~6 .ii.a .... 6 • fill .. .~ lfil1G .638 .1 .. 6 .311 ."11 .100 • 'lal .615 .832 1.H$ .2f>O .034 .S" tn1 .ii2 ... ~ .311 •• at .saa .656 .03-4 .Ul8 .034 .IHO .03" .fi03 tina .ns .an .6S' .nl ... Ill .314 .61' . all .61-4 1.816 .18t .418 



Table 12. Catch and stock size projections for 1979 for analysis based on 20% 
cumulative frequency of relative F's. Stock biomass (age 4+) at 
beginning of 1979- - 1,109 thousand tons. 

1979 F 
Fully Recruited 

0.2 
0.4 
0.6 
0.8 
1.0 
1.5 
2.0 
3.0 
4.0 
5.0 
6~0 

1979 Catch 
Age 3+ 

(Thousands of Tons) 

357 
680 
974 

1241 
1485 
2008 
2429 
3053 
3477 
3771 
3979 

1980 Stock Biomass 
Age 4+ 

(Thousands of Tons) 

5517 
5084 
4688 
4327 
3997 
3286 
2710 
1857 
1282 
888 
617 



Table 13. Catch and stock size projections for 1979 for analysis based on 
50% cumulative frequency of relative F's. Stock biomass (age 4+) 
at beginning of 1979 - 358 thousand tons. 

1979 F 
Fully Recruited 

0.2 
0.4 
0.6 
0.8 
1.0 
1.5 
2.0 
3.0 
4.0 
5.0 
6.0 

1979 Catch 
Age 3+ 

(Thousands of Tons) 

123 
235 
338 
431 
517 
701 
850 

1074 
1226 
1333 
1408 

1980 Stock Biomass 
Age 4+ 

(Thousands of Tons) 

1981 
1828 
1689 
1561 
1443 
1189 
983 
676 
467 
324 
225 



Table 14. Catch and stock size projections for 1979 for analysis based on 
80% cumulative frequency of relative F's. Stock biomass (age 4+) 
at beginning of 1979 - 227 thousand tons. 

1979 F 
Fully Recruited 

0.2 
0.4 
0.6 
0.8 
1.0 
1.5 
2.0 
3.0 
4.0 
4.6 

1979 Catch 
Age 3+ 

(Thousands of Tons) 

70 
134 
191 
144 
292 
396 
479 
603 
688 
726 

1980 Stock Biomass 
Age 4+ 

(Thousands of Tons) 

1092 
1006 

928 
857 
792 
651 
537 
368 
254 
203 



Table 15. Catch and stock size projections for 1979 for analysis based 
on 90% cumulative frequency of relative F's for agel and 2 
and 50% for age 3+'3 Stock biomass (age 4+) at the beginning 
of 1979 - 358 x 10- MT . 

197:9 F 
fu11y recruited 

Q.2 
0.4 
0.6 
0.8 
1.0 
1.5 
2.0 
3.0 
4.0 

1979 catch 
age 3+ 

no.,.3 MT·· 

72 
136 
193 
245 
291 
389 
465 
574 
645 

1980 stock biomass 
aqe 4+ 

XlO-3MT 

907 
828 
757 
693 
635 
513 
417 
279 
189 



Table 16. Catch and stock size projections for 1979 for analysis based on 
90% cumulative frequency of relative F's. Stock biomass (age 4+) 
at beginning of 1979 - 196 thousand tons. 

1979 F 
Fully Recrui ted 

0.2 
0.4 
0.6 
0.8 
1.0 
1.6 
2.0 
3.0 
3.6 

1979 Catch 
Age 3+ 

(Thousands of Tons) 

52 
99 

142 
180 
216 
305 
353 
442 
481 

1980 Stock Biomass 
Age 4+ 

(Thousands of Tons) 

778 
716 
659 
608 
561 
442 
378 
258 
206 



Table 17. Catch in thousands of tons of Age 3+. 

AREA 

SA 5 SA 5 
Year Adult Juvenile SA 5Z+6* Pt. Judith** SA 4WX SA 4Xb 

1967 7.8 21. 6 , 221. 9 0.2 133.1 27.9 

1968 31. 2 9.0 390.5 0.2 136.6 24.1 

1969 30.9 17.1 328.0 1.0 111. 8 24.2 

1970 39.6 8.8 244.0 1.4 143.6 6.6 

1971 37.7 7.6 256.5 1.4 71. 4 7.7 

1972 41. 2 2.1 167.1 2.3 91. 3 9.9 

1973 16.0 8.2 226.1 4.2 111. 2 15.9 

1974 17.5 9.5 135.9 2.8 179.4 12.1 

1975 21. 0 4.8 141.1 4.4 180.3 13.2 

1976 20.2 16.4 42.9 0.2 69.8 22.4 

1977 :::17)800 12.5 0.2 0.3 

% of total 
catch 6.7 2.7 55.0 0.5 31. 4 4.2 

1967-1976 

*Including Point Judith 

**Inshore domestic winter fishery by vessels from Point Judith 



Table 18. Gulf of Maine adult herring fishery monthly landings, tons, 1967-78. 

1978 1977 1976 1975 ·1974 1973 1972 1971 1970 1969 1968 1967 

Jan. 2884.0 2640.2 1020.9 35.7 1.0 0.1 332 354.0 1561. 0 355.3 

Feb. 4402.2 3419.0 880.7 366.0 544.0 1.0 0.5 213.4 301.4 90.1 

Mar. 3073.1 3055.1 2926.5 3434.3 979.0 1780.4 1.6 1 139 1192.7 

Apr. 189.4 2779.7 3674.2 1469.2 3994.0 3106.4 2243.4 515 144 1075.8 2172.3 990.6 

May 443.0 1076.9 226.6 134.1 180.0 1887.4 3611.4 567 540.8 603.9 700.2 284.8 

June 495.9 1.9 3.3 71.1 183.0 2132.0 2899.5 1612 367 67.9 2730.2 108.0 

July 40.8 146.3 1297.3 2G16.9 358.9 427.1 4782.5 2963 3335.3 2327 .1 7423.8 290.9 

Aug. 240.4 1807.9 2795.3 1727.3 3856.0 1420.1 11007.1 7917 6797.0 5335.0 8299.3 392.1 

Sept. 2141.4 1270.2 2895.2 2794.4 2851. 0 452.9 6115.8 16694 8213.4 11013.3 7068.4 1410.9 

Oct. 1462.4 671.1 2334.5 3165.6 1429.0 4000.7 10472.9 5192 8422.7 4332.3 6138.2 1487.1 

Nov. 2442.4 653.5 1956.9 3659.3 1470.0 459.0 1859.4 1410 4812.1 905.5 2856.2 1119.3 

Dec. 1002.6 369.2 113.4 1602.1 2253.0 528.0 145.9 1373 7913.7 4555.7 777 .8 85.2 

Total 18817.6 17891.0 20124.5 21706.4 18097.9 16196.0 42918.2 38576 41039.0 31992.6 32705.0 7308.0 
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Year 

L961 

1962 

1963 

',964 

965 

966 

967 

968 

969 

970 

)71 

}]2 

)73 

174 

175 

176 

Table 2Q. 
Ca tch of herd ng in the· Georges Bank herri ng fi shery (NT). 

January February March April t1ay June, July August September October November December 

29 

54 

45 

762 

519 

1,179 

56 

187 

6,908 

7,455 

4,630 

1,607 

5,350 

1,799 

2,546 

239 

33,365 

2085.3 

1. 21 

19 

5,799 

217 

114 

53 

1,470 

199 

9,712 

13,143 

10,811 

10,357 

4,262 

10,313 

2,314 

2,639 

250 

71 ,673 

4479.5 

2.59 

20 

2,199 

254 

221 

1,089 

3,089 

4,869 

28,050 

9,468 

16,410 

8,085 

5.,132 

9,645 

3,694 

2,220 

221 

23 

7,118 

357 

1,562 

5,796 

1,643 

13,949 

37,806 

27,735 

10,972 

10,306 

5,708 

12,348 

4,232 

4,914 

1,127 

11 

19,853 

283 

9,961 

8;641 

8,206 

27,004 

24,374 

20,859 

9,849 

15,956 

5,603 

12,700 

16,154 

5,804 

1,196 

1 

24,669 

3,059 

15,006 

7,078 

28,498 

27,182 

17 ,386 

23,952 

14,887 

19,215 

10,434 

11 ,033 

12,689 

5,270 

1,031 

2,984 12,611 16,375 15,719 15,318 

26,142 

28,569 

19,583 

1,311 

36,446 

33,801 

33,006 

30,434 

14,048 

22,873 

9,608 

9,566 

10,373 

7,316 

78 

22,644 

24,560 

25,566 

1,342 

28,079 

29,643 

47,650 

11,496 

20,286 31,136 

26,318 34,016 

54,543 108,997 

43,649 71,343 

11,182 

9,160 

8,721 

1,999 

7,190 

23,265 

38,075 

39,401 

18,280 74,051 39,591 

30,155 69,001· 54,948 

23,940 56,588 

31,103 58,065 

19,840 37,887 

15,837 52,902 

5,811 24,248 

37,931 

38,289 

32,479 

31,046 

7,238 

3,219 

512 

1,725 

910 

403 

12,534 

14,355 

15,945 

14,752 

13,402 

6,325 

2,468 

7,137 

6,988 

1,926 

94,666 145,596 186,454 221,390 286,128 376,485 751~478 396,234 117,919 

5916.6 9099.8 11653.9 13836.9 17883.0 23530.3 46967.3 24764.6 7369.9 

3.42 5.26 6.74 8.0 10.4 13.6 27.15 14.32 4.26 

4,545 

1,284 

1,309 

567 

2,648 

3,158 

15,550 

7,107 

7,921 

16,182 

8,446 

7,052 

1,455 

912 

8,614 

139 

86,898 

5431.1 

3.14 

I: 

67,655 

152,242 

97,968 

131,438 

42,882 

142,704 

218,743 

_ 373,598 

310 ,758 

247,294 

267,374 

174,190 

203,335 

149,510 

146,096 

43,502 

2,768,289 

173018 

100.0 


