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An Evaluation of the Effect of Fishing on the Total Finfish 
Biomass in rcNAF Subarea 5 and Statistical Area 61 

Introduction 

by 
B. E. Brown, J. A. Brennan, E. G. Heyerdah1, 

M. D. Gross1ein and R. C. Hennemuth 

Prior to 1960 almost all of the fishing in ICNAf Subarea 5 and Statistical 
Area 6 was done by United States vessels. This fleet was developed on 
the basis of a coastal fishery and was composed of vessels under 300 GRT. 
Since 1960 the fleets of other countries, such' as U.S.S.R., Poland, West 
Germany, and Japan among others have entered this area. These fleets 
are primarily composed of larger and highly mobile vessels and have 
steadily increased both in number and total tonnage (ICNAF List of Fish
ing Vessels, 1971) while the United States fleet has gradually declined. 
This increase in number of vessels has resulted in enlarging the scope 
of the fishery which previously had concentreted on selected groundfish 
species such that now all of the major species of fish in the entire 
area from Nova Scotia to Cape Hatteras are heavily fished (ICNAF 
Statistical Bulletins 1-20) • 

The Research and Statistics Committee of ICNAF which has been evaluating 
the effects of fishing on stocks in this area (ICNAF Redbooks, Vo1s. 
1953-1972) has from time to time advised the Commission that certain 
stocks (e.g. haddock and herring) were demonstrably overfished; i.e., 
the fishing mortality was at or beyond the level which maximized the 
yield and yie1d-per-recruit. The Commission has set quotas on some 
species, but often only after the stock size had been severely reduced 
to the point requiring large reductions in the catch. The Research and 
Statistics Committee has recognized that the rapid expansion of fishing 
activity almost precludes the ability to assess the effects of fishing 
on each of the many stocks before they are subjected to heavy fishing. 

There is grave doubt that management based on assessing the status of 
each stock, i,s capable of producing a managellent regime that will result 
in obtaining a sustainable yield at or near the maximum for the total 
biomass. This is not only because of the inability of scientists to 
collect the necessary data and make the required assessments in a short 
enough period of time , but because of the mixed nature of the fisheries 
in ICNAF Subarea 5 and Statistical Area 6, and the intricacies of 

Revision of Sp.Mtg.Res.Doo.7:3/a px8sented to Speoial Commission Meeting, FAO, 
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ecological relationships. The mixed nature of the fishery results from 
the economic desirability of harvesting several species at one time, 
the extensive use of otter trawl gear which is quite unse1ective and 
the species composition in this ecosystem in which numerous species 
contribute significantly to the biomass. The latter can be illustrated 

- . 

by the 1971 U.S.A. and U.S.S.R. joint fall groundfish surveys where the mean 
number of species per tow was 12 for the U.S.A. vessel and 11 for the U.S.S.R. 
Incidental catches of regulated species in this situation may be enough to 
harvest tbe total production in the case of those such as haddock which are 
at low abundance levels. The interrelationship of different species is not 
well understood, and considerable research is needed on this subject. However, 
simple basic ecological concepts are enough to underscore the need to examine 
the yield of this total ecosystem as a whole rather than as just the sum of 
individual components. Certain single species regulations may playa vital 
part under a total biomass yield management regime but alone they are un
satisfactory under the heavy fishing pressures existing in the area under 
discussion. 

In this paper the status of the fishery is evaluated in terms of total biomass 
and total fishing intensity. This approach offers a first approximation to 
including interspecific relations in the estimation of sustainable yield. 
They are included implicitly to the extent they have been significant in 
affecting production over the last 10 years. Declines in total stock abundance 
are examined for commercial catch/effort and survey cruise data. A Schaefer 
yield model for total biomass is examined and the relationship of current 
effort levels to those relative to maximum yield are discussed. 

Standardization of Fishing Units 

The diversity of types of vessels, fishing gear and fishing practices has 
always caused problems when commercial fishery data has been used to estimat~ 
fishing mortality. Indeed, only a few of the attempts to define an explicit 
relationship between effort and fishing mortality have been successful. 
However, indices of fishing intensity which purport to measure the relative 
fishing mortality exerted over some time period have commonly been used to 
determine the status of fisheries. In some cases, a single type of gear 
has been used and in other cases the gear has been classified by categories 
of size and type based on factors which are demonstrably related to the rate 
of harvest. We have chosen the latter approach as most applicable to the 
statistics reported to ICNAF. Catch and effort data from 1961-1971 were 
obtained from Tables 4 and 5 of the ICNAF Statistical Bulletins (Nos. 10-21). 
Effort data for the German Democratic Republic was obtained from ICNAF 
Summary Document 73/3 for 1969-1970. 

We chose days fished as reported to ICNAF as the basic unit of effort for 
analysis. This has been reported by member countries more consistently 
than hours fished. We considered days fished to n~re closely relate to 
fishing intensity than days on ground and also to be a more standard measure 
of fishing activity for all types of vessels and gears. 

In order to express total effort on a standardized basis, relative catcha
bi1ity coefficients must be estimated which can be applied to the various 
categories of vessels. Robson (1966) proposed determining relative 
catchabi1ity coefficients using an analysis of variance technique with a 
logarithmic linear hypothesis model. In the present study, the following 
model was utilized: 
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Yijk is the catch per day of all species of fish for the ith country for the 
jtn gear-tonnage class category and for the kth year, that is, the sum of the 
appropriate Table 4 entries for each year, m is the overall mean catch per 
day, ai is the country effect, bi is the gear-tonnage class category effect, 
and eijk is the error of the kth observation at the i-j level such that 
In(eijk) has a N(o, 0 2 ) distribution. Sampling error is measured on a year 
to year basis. 

A natural logarithmic transformation of the observations was used to achieve 
1 inearity of the model. The coeff1c'ients were then estillAted using the 
analysis of variance procedure outlined by Snedecor and Cochran (1967) for 
a row x column design with unequal frequencies and missing observations. 

This procedure computed fishing relative catchability coefficients aibi in 
relation to the overall mean m. The relative catchability coefficients were 
then expressed for each cell (a country, gear-tonnage class combination) in 
relation to a standard cell by dividing the ratio of aibi for the ith, jth 
cell to the aibi vaJue for the selected standard cell. Since the aibi are 
all estimated by the row and column totals in the analysis, it is immaterial 
whichccell is selected as standard •. The U.S.A. side trawler 0-50 GRT class 
was used in this analysis. 

Gears included in the analysis of variance were stern trawls, side trawls, 
pair and midwater trawls, purse sein~s, drift gill nets, long lines and 
hand lines. The resultant data aCCQ;Jnted for approximately 83% of the total 
catch considered relevant to this stlJdy of the offshore mixed fishery in 
ICNAF Subarea 5 and Statistical Area. 6. The remalnfng 17% of the total 
catch consisted of species caught by other lines and other seines, as well 
as catch data for which days fished '~ere not recorded. Excluded from the 
study were several kinds of catch not concerned with finfish. Catch and 
effort data for lobsters, shrimp, sc,111op and miscellaneous shellfish were 
not considered. In addition, U.S.A. menhaden landings, which are captured 
close to shore, were excluded from the analysis. Eels, white perch and 
large pe1agics, i.e. swordfish, sharks, and tuna were also et1minated. The 
large pelagics contribute minimally to the total catch. Certain small 
effort category entries, e.g. "by hand" were not analyzed. Catch of fixed 
gear along shore, i.e. pound nets, stop seines, etc., were omttted. The 
latter type of gear tends to harvest at a fixed rate as the total number 
of sites are limited. They also are difficult to analyze as equivalent to 
mobile gear. Table 1 lists the catch by country not included in the analysis 
of variance. The bulk of the catch 'for the U.S.A. and the U.S.S.R. in Table 1 
was taken from Statistical Area 6 when there was no required reporting of 
statistics to ICNAF for that area. 

Adjustment for Learning 

It may be expected that the development of fisheries in areas and on stocks 
not previously fished involves a degl"ee of learning.how the fish are distri
buted over the grounds, particularly in relation to seasonal changes, how 
best to deploy the different kinds o'r gear in relation to types of bottom 
or current patterns and how the fish themselves behave and respond to the 
gear. There may be additional reasons involved. We have not attempted to 
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define the learning factors in terms of explicit causes, but have approached 
the problem by assuming that it would be expressed as a consistent increase 
in catch per unit effort through time that is not related to changes in 
stock abundance. 

An exponential learning model was assumed thus, 

!i. = [exp(a(i-l)] ei' where 
Zi 

Zi = Xl 01.) 
VI 

Xi = the observed commercial catch per unit effort 
in the ith year in the fishery after entrance, 

Vi = the stock abundance in the same year, and 

ei = residual error, where In(ei) has a N(o, a2 ) distribution. 

Stock abundance was estimated from the catch per tow of the autumn groundfi sh 
surveys on the U.S.A. research vessel, Albatross IV. Catch per unit effort 
of certain fisheries were selected to estimate the parameter a of the function. 
These fisheries were chosen to reflect. a representative set of the major 
fisheries for which the requisite data were complete: U.S.S.R. 500-900 GRT 
side trawlers in the 5Z silver hake fishery, Spanish pair trawlers in the 
5Z herring fishery, and Romanian 1800+ GRT stern trawlers in the herring 
fishery. The first year of the fisher'y was defined as that year when the 
catch of the defined species in the fleet considered first exceeded 20% of 
its total catch. Where the catch of a given species was between 20 and 80%, 
effort was prorated on the basis of the catch and when the catch exceeded 
80% the entire effort was considered to be directed towards that species. 
The curve was fitted to the log" data by least squares (see Figure 1). It 
is apparent that learning has been completed by the third year in the 
fishery. The parameter a was estiaated from all data combined to be 0.71 
wah an index of determination of 0.80 (proportion of the variation 
accounted for by the model. 

The learning function was applied to each case where new species fisheries 
were developed in the period 1961-1971 (Table 2). Division 5V, 5Z and 
Statistical Area 6 were treated separately. The amount of effort for a 
particular species for a gear-tonnage class-country to be adjusted was 
determined from the proportion of catch of that species to total catch by 
the category. The catch per effort was then adjusted according to model, 
and subsequently divided into the catch of the species to get the adjusted 
effort. This adjusted effort was then substituted in the total effort for 
a particular gear-tonnage class-country combination for the origlinal effort 
before proceeding with the analysis of variance. The adjustment amounted 
to substituting 1/4 of the recorded effort for the first year of a new 
fi shery, and hal vi ng of the recorded fiffort in the second year. Effort 
related to lIS of the total catch was adjusted for learning. 
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Results of Analyses Variance 

Standardizations of effort were calculated with and without the data adjusted 
for learning. The results of the analyses of variance are presented in 
Table 3. Both vessel class and country effects were significant at the .01 
probability level. The former showed the greatest differences •. With missing 
cells the presence of a s1gn1f1cant interact10n. as 1s the case 1n theory. 
sum of squares invalidates the assumpt10n of add1tivity and the use of the 
row and column coefficients to adjust effort. The cell values were examined 
to determine the source of the interaction. Departures from main effect 
trends could be attributed mainly to the following country and gear-tonnage 
class combinations: drift gill nets. U.S.S.R.; and stern trawls. U.S.A •• 
tonnage class 1800+ GRT. Consider1n~ the relatively minor contribution of 
these categories to the total catch (0.5%) and effort (0.02%). the effect of 
ignoring the interaction would be minimal. and we proceeded with the analysis 
assuming additivity. Relative catchability coefficients are presented in 
Table 4 for all country gear-tonnage categor1es which were present in the 
fishery over the years. It must be understood that these coeffic1ents do not 
measure strict technical f1shing power because they reflect patterns of 
fishing as well as vessel capab111ties. However, they are appropr1ate for 
standardizing the effort as reported to ICNAF so that the change in 
standard effort reflects the change in fish1ng mortality. 

Estimat10n of Total Effort 

Total effort in standard-days-f1shed directed at finfish was estimated for 
each year from 1961 to 1971 by multiplying the raw days fished by the 
relative catchabi11ty coeff1c1ent relative to the standard (U.S.A otter 
trawlers) and summing over all categor1es. Catch per standard day of 
finfish was estimated each year by dividing the total catch represented 
by these categories by the effort thus obtained. The total annual f1nfish 
catch for Subarea 5 and 6. including those catches from gear-country 
combinations d1scussed earlier which were excluded from the analysis of 
variance. was divided by the standardized catch per day to obtain the total 
effort. The only exception to this procedure was data of U.S.A. catches. 
1961-1971. Statistical Area 6. The use of a 1968-1970 average catch per 
standard day was app11ed here because the inshore stocks fished by the U.S. 
in that area are generally separate from stocks in 5Z. and would be lower 'if 
anything than that earlier in the period as overall stock abundance had 
declined based on reported U.S.A. statist1cs and species assessments 
reported in ICNAF Redbooks. This ~rocedure was followed both with and 
without adjustments for learning. The results are presented in Table 5 and 
Figure 2. 

These values clearly illustrate the importance of standardizing effort in 
estimating the relative fishing mortality exerted on the fisheries in a 
particular area. The raw effort a~prox;mately doubled during the period 
1961 to 1971 •. whi1e the standardized effort quadrupled during the same 
period. When the effect of learnir) is considered the standardized effort 
increased by a factor of s1x. 
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Yield-Effort Relations of the Finfish Stocks" 

In calculating a maximum sustained yield for the finfish coomunity as a whole 
(excluding 1arge pelagic species and menhaden), the approach discussed by 
Schaefer (1954) was used. Schaefer's model assumes logistic growth and 
symmetric yield curves with the MSY value occurring at 50% of the maximum 
stock size. Because this model considers only the combined effect of 
recruitment, growth, and natural mortality parameters, only catch and fishing 
effort statistics are needed to make the calculations of MSY. 

The fitted curves purport to represent the equilibrium or long-term average 
expected yields. In the Northwest Atlantic, we have demonstrated a rather 
consistent and rapid increase in effort, particularly in the first part of 
the decade covered. When there are large and consistent increases or 
decreases in fishing effort, the fitted curves tend to overestimate or under
estimate the true situations unless the population reacts instantaneously 
in adjusting its productivity to the new structure. When this is not so, 
the effects of fishing effort in any given year are dependent upon the 
cumulative effect of previous years' effort. Gu11and (1961) suggests that 
in order to account for this effect, the average effort over the previous 
number of years equal to the mean number of years that a year class contri
butes significantly to the catch, taken as the effort applicable to any year. 
The number of years to be averaged is a function of the total mortality rate. 

For the fish stocks of the Northwest Atlantic one might, under normal conditicn~" 
assume that a given year class contributes significantly over a 3-year period. 
However, the period covered by our calculations shows some significant non
normal events. For herring, two very good year classes were spawned in 1960 
and 1961, and these fi sh carr4ed a major share of the fi shery for 5-6 years 
(Schumacher and Anthony (1972);;Anthony and Brown (1972)). Haddock have 
existed virtually without any significant recruitment since the 1962 and 1963 
year classes and thus these year classes contributed significantly over 
7-B years (Hennemuth, 1969). The mackerel fishery has been harvestin9 
principally the same 2-year classes, 1966 and 1967, since the fishery began 
to increase in 1968 and probably will continue to do so in 1972 and 1973 
(U.S.S.R. and Polish Research Report:;, ICNAF Redbook, 1972). Silver hake, 
with a more stable age distribution, shows a 3-4 year pattern of contribution 
(Anderson, 1972), as do yellowtail f"lounder (Brown and Hennemuth, (1971). 
Consequently, running averages of total effort were made over 3, 4, and 
5-year periods to cover the possible range of this effect. 

The parameters of the Schaefer model were estimated by computing least squares 
linear regressions of catch/effort in year i on a running average of effort 
over the previous 2 to 4 years and ill year i. For each method of averaging 
effort, several regression lines were calculated corresponding to data sets 
beginning with 1968-1971 data and successively adding data to earlier years 
back to 1961. In each case the paraneters of the predicted 1 inear equations 
were converted to parameters of the rield versus effort parabolas (Table 6). 

The indices of determination (proportion of total variation accounted for by 
the regress i on 1 i ne) of a 11 data set~ ranged from .64 to .97 for data adjusted 
for learning, and from .39 to .89 fOI data not adjusted for learning. The 
range of the estimates of the parame1-ers on the yield versus effor-t parabolas 
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(MSY, optimum effort, and catch/effort) was smaller for data adjusted for 
learning. This trend, Le. data adjusted for learning determining parametric 
estimates with narrower ranges, seems reasonable; these data, having been 
adjusted for a major source of annual variation - learning, shiuld be more 
consistent over the number of years for which effort is averaged (3-5 years) 
and the number of years included in the regression analysis. 

In both data sets, i.e. where there was a learning adjustment, and where 
there was not, the best fits to thE! Schaefer model occurred when data sets 
for the years 1965-1971 were fit. The years prior to 1965 were those at 
the beginning of the distant water fleet fishery, when statistics were 
perhaps not as complete, e.g. no U.S.S.R. effort in 1962, and also that 
period when the effects of learning would be expected to be greatest as 
entirely new fisheries were being developed by these fleets. The percentage 
reductions in standardized effort from the 1971 levels to reach the MSY 
level resulting from these fits arE, as follows: 

Averaging No L(,arni ng Learning 
Period AdjLlstment Adjustment 

3 years 23% 34% 

4 years 30.5% 40% 

5 years 34.5% 42% 

The average MSY for the three 1965-1971 data sets using the 3-year, 4-year 
and 5-year averaging method for effort was 810,267 MT for data adjusted for 
learning and 823,902 MT for data without adjustment for learning. Both 
these values are close to the 1968 total catch figure of 856,098 MT. The 
corresponding optimum effort values, ranging from 148.624-169.1172 standard 
days fished for data adjusted for learning and 138.410-162.621 standard 
days fished for data without learning adjustment. likewise are in the 
vicinity of the 1968 level. 

Other Estimates of Sustainable Yield 

Data for research surveys and individual species assessments were also used 
to estimate the MSY value for the entire finfish stocks in Subarea 5 alid 6. 
Grosslein (1972) estimated that the MSY for all groundfish (except hakes), 
flounders, dogfish, and skates approximated 200.000 metric tons for Subarea SZ. 
Based on historical catches, a value of 185.000 metric tons does not seem 
unreasonable for the same group of species in Subarea 5Y and Statistical 
Area 6. Anderson (1972) and Anderson and Au (1972) in assessment working 
papers presented at the 1972 ICNAF .. /lnnua1 Meeting indicated a MSY for red 
and silver hake in Divisions 5 and 6 to be around 240,000 metric tons. 
Individual assessments indicated MSY values of 285.000 metric and 300,000 
metric tons for herring and mackerel, respectively. These total to 1.210,000 
metric tons. However. in both cases, the MSY values were each dependent 
upon two extremely good year classes within each fishery during this time. 
Furthermore, herring and mackerel have not maintained a high biomass con
currently. but rather the latter in:reased after the former declined. 
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Consequently. it may be that a more accurate description of the potential 
yield for the two species might be estimated by looking at the average 
combined landings for the two. Table 7 presents the metric tons landed by 
all countries of herring and mackerel over the period of analysis. The 
average annual landings figure for the two species combined over the ll-year 
period (1961-1971) is 303.000 metric tons. Summing all of the above 
estimates of potential MSY values give a total stock of 927.000 metric tons 
which is very close to the estimates calculated from the surplus yield model. 

Decline in Biomass as Estimated from Albatross IV Survey Data Cruise 

Estimates of relative change in biomass for groundfish and flounders on 
Georges Bank and southern New England were calculated by comparing mean 
catch per haul figures for United States autumn surveys in 1963-1965 with 
the mean values for 1969-1971. With few exceptions there were substantial 
declines in the abundance of groundflsh in both areas (Table 8). 

An estimate of the relative change in biomass for the whole of 5Z and 6 was 
made by pooling the survey results fJr southern New England (strata 1-12) 
and Georges Bank (strata 13-23, 25; see Figure 5). This set of sampling 
strata covered only DIV 5Z. but sinc~ the bulk of the major groundfisil stocks 
are found east of Hudson Canyon, the data are considered adequate for a 
first approximation for SA6. The pooled mean catch per haul data shows 
declines ranging from about 20-90% fJr nearly every species or species 
group within the groundfish and flou1der ~ategory. and a decline of 62% for 
skates (Table g). The only excepti01s are white hake and scu1pins. White 
hake showed no change. and longhorn icu1pins showed a 45% increase. In the 
case of sculpins. it seems likely thdt the drastic decline (over 90%) in 
haddock may have contributed to incr,!ased survival of scu1pins since haddock 
prey heavily on sculpin eggs whilih adhere to the sea bed. Cod. silver and 
red hake. and miscellaneous flounder; all declined about 45%. and yellowtail 
and winter flounder dropped about 20', (Table 9). Ocean pout and angler 
showed greater declines of 85 and 65'~, respectively, and miscellaneous 
groundfish declined approximately by one third. 

An estimate of the decline for sea h,~rring was made using herring abundance 
indices for 1968-1971 based on U.S.A. spring surveys (Figure 6). Spring 
surveys are conducted in March when :;ea herri ng are concentra ted south of 
Cape Cod. and the abundance indices :;hown in Figure 6 represent sampling 
strata 1-12 and 61-76 combined (area south of Cape Hatteras). The extra
polated loge value for 1964 is 2.7 (I/S 0.3 for 1971) which corresponds 
to a decline of about 90%. This vahle corresponds well with the estimated 
reduction in the sea herring stock bi:sed on assessment studies (ICNAF 
Redbook. 1972). A first approximation to the decline in total biomass of 
finfish in Divisions 5Z and 6A was calculated by weighting the decline 
of each species (or group) shown in "~able 8, in proportion to the cumulative 
landings of that species over tile decade 1962-1971. The resulting weighted 
change indicates about a 65% drop ift total biomass of the principal finfish 
species under exploitation the last elecade; if we exclude sea herring from 
consideration the weighted mean dec1"ine of groundfish alone is 49% (Table 9). 
This estimate is based on the assump':ion that landings are approximatt:!ly 
proportional to size of the biomass of each species. The decline including 
sea sea herring is plotted in Figure 3 through the mean of catch/effort and 
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effort for the decade. The average ~ffort of the starting and ending three 
year periods were used as the beginn-ing and ending points for the line 
representing this decline. The MSY for this curve is 860,000 MT at 120,000 
days fished. 

The estimate of the decline may be 011 the 60nservative side because landings 
of some miscellaneous groundfish spedes (particularly pout, angler and 
skates) were not adequately reported in earlier years, and these species 
showed average declines. Significant known biomass components not included 
in these calculations are dogfish and mackerel. In the case of dogfisl1, 
there has been no abundance trend observed and there is essentially no 
exploitation of this reseurce. With respect to mackerel, no trends have 
been observed in the overall survey ilbundance indices_ (computed overall 
strata on a weight basis). Signif1cimt removals did not begin until 1968. 

It should be noted that the percentane declines are taken from a point of 
time (1963-1965) when most of the stocks concerned had already been harvested 
to some significant degree. Thus, thl! decline from unfished abundance levels 
is greater than indicated, and if one accepts that the maximum yields that 
can be sustained occur at stock sizer. about one-half the maximum, the 
decline of 64% implies a significant degree of overfishing. This decline 
is plotted in Figure 3. The average efforts for 1963-1965 and 1969-1971 
were used to position the decline on the x-axis, and a line was fitted 
through thel mean of corrmercia1 catch/effort and effort for the decade to 
represent a 65% decline in catch/effort between the two end points on the 
x-axis. 

Considering this information along w"ith current assessment studies (ICNAF 
Redbook. 1972) it is logical to assume that the current sustainable yield 
is considerably less than the maximum values estimated in this paper. A 
value of 650,000 MT does not seem um'easonab1e as a first approximation. 
This is approximately 55% of the highest MSY estimate (the sum of 
individual species or species group ilssessments) and 80% of the average 
of the production curves (adjusted for learning). 
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Table 3. Analysis of variance of In (catch/effort) data for ICNAF 
Subareas 5 plus 6. No learning adjustment. 

Source of Sums of Degrees of Mean 
variation squares freedom square F 

Total 474.14 261 

Country 
(unadjusted) 97.49 8 

Gear-tonnage class 
(unadjusted) 371.14 16 

Country 
(adjusted) 12.38 8 1.547 4.05** 

Gear-tonnage class 
(adjusted) 286.03 16 17.876 46.80** 

Interaction 51.95 23 2.26 

Error 38.67 214 .181 

Interaction 
plus error 90.62 237 .382 

**Significant at 0.01 level. 

C 14 
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Table 3 (contd) • Analysis of varian,;e of In (catch/effort) data for 
ICNAF Subareas 5 p.lus 6, adjusted for learning. 

Source of Sums of Degrees of Mean 
variation squares freedom square F 

Total 546.65 261 

Country 
(unadjusted) 146.91 8 

Gear-tonnage class 
(unadjusted) 415.40 16 

Country 
(adjusted) 19.05 8 2.381 5.03** 

Gear-tonnage class 
(adjusted) 287.54 16 17.97 37.99** 

Interaction 57.74 23 2.51 

Error 54.46 214 .254 

Interaction 
plus error 112.20 237 .473 

**Significant at 0.01 level. 
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Table 6. Estimates of optimum effort~ MSY, catch/effort and coefficient determination 
for ICNAF Subarea 5 and Statiscal Area 6 catch and effort data applied to 
the Shaefer model. Gulland's averaging method to determine effort in year i 
was used on the basic data. 

No 1eamins adjuatment Data adjusted for 1eamins 
Averasins 2eriod Averasins 2eriod 

OPTIMUM EFFORT· 3 years 4 years 5 years 3 years 4 years 5 years 
1963-1971 215,083 189,879 
1964-1971 174,072 173,066 192,966 194,079 
1965-1971 162,621 146,841 138,410 169,572 154,753 148,624 
1966-1971 182,548 161,479 141,552 182,871 164,010 147,921 
1967-1971 207,849 181,598 153,213 191,395 166,687 146,283 
1968-1971 315,046 269,094 201,190 226,136 194,066 156,937 

MSY 

1963-·1971 940,885 858,148 
1964-1971 870,448 842,355 861,785 835,073 
1965-1971 863,015 822,634 786,058 851,039 809,570 770,192 
1966-1971 874,999 823,188 784,983 850,532 804,845 770,648 
1967-1971 899,851 836,255 781,923 846,778 803,415 772,953 
19b8-1971 1,106,334 986,029 832,619 869,515 804,076 761,363 

CATCH/EFFORT 

196)-1971 4.37 4.52 
1964-1971 5.00 4.87 4.47 4.30 
1965-1971 5.31 5.60 5.68 5.02 5.23 5.18 
196b-1971 4.79 5.10 5.55 4.65 4.91 5.21 
1967-1971 4.33 4.60 5.10 4.42 4.82 5.28 
1968-1971 3.51 3.66 4.14 3.85 4.14 4.85 

COEFFICIENT OF DETERMINATION 

1963-1971 .54 .81 
1964-1971 .69 .66 .80 .64 
196>-1971 .71 .77 .89 .83 .88 .97 
1966-1971 .62 .69 .81 .77 .83 .94 
1967-1971 .58 .60 .75 .77 .78 .93 
1968-1971 .39 .39 .51 .77 .78 .86 

iThe term optimum effort is used in association with MSY catch levels. 
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Year 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

- 19 -

Table 7. Total annual landings from ICNAF Subareas 5 and 6 
for herring and mackerel, 1961-1971, in metric tons 
x10- 3 (all countriQs). 

Herring Mackerel Total 

94 1 95 

224 1 225 

167 2 169 

159 2 161 

74 5 79 

172 9 181 

257 23 280 

436 60 496 

361 113 474 

303 210 513 

314 349 663 

Average 233 70 303 
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Table 8. Mean catch per haul (lb) on Albatross IV Autumn surveys 
for 1963-65 and 1969-71 and p,ncentage chanae from 
1963-65 to 1969-71.1/ 

Species 
Geora8s Bank.Y 

1963-65 1969-71 
mean mean % change 

Haddock 

Cod 

Silver Hake 

Red Hak.e 

White Hake 

Yellowtail 
flounder 

Winter 
flounder 

Other 

147.6 11. 3 

16.0 9.6 

4.7 3.1 

9.2 3.6 

1.5 2.3 

19.5 10.7 

5.1 6.4 

flounders 5.0 3.8 

Longhorn sculpin 4.7 8.4 

Ocean Pout 3.1 0.1 

Angler 8.4 2.0 

Other 
Groundfish 7.5 4.3 

Totsl - all 
gndfish & fldrs 232.4 65.5 

Skates 54.5 23.5 

-92 

-40 

-34 

-61 

+53 

-45 

+26 

-24 

+79 

-97 

-76 

-43 

-72 

-57 

Southern New Englandl! 
1963-65 1969-71 

mean mean % ehange 

8.8 

4.3 

13.6 

12.9 

1.6 

24.4 

6.7 

8.1 

2.1 

1.0 

11.8 

8.4 

103.8 

26.0 

0.5 

1.7 

7.0 

8.8 

1.1 

24.7 

3.4 

3.4 

1.9 

0.4 

4.9 

6.1 

63.9 

8.0 

-94 

-60 

-48 

-32 

-31 

+01 

-49 

-58 

-10 

-60 

-58 

-27 

-38 

-69 

11 The mean catch per haul figures in this table represent simple averagea 
of the stratified mean values for individual years presented in Tables 
1 and 2 of Res. Doc. 72/119 by Gross1ein (1972). 

~/(Strata 13-23,25) 

l/(Strata 1-12) 
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Table 9. Comparison of mean catch psr haul (lb) on Albatross IV autumn surveys 
in Divisions 5Z and 6A for the two periods 1963-1965 and 1969-1971, 
the percentage change relative to the earlier period, and cumulative 
landings from 1962-1971, for groundfish, skates and sea herring. 

Species 

Haddock 

Cod 

Silver hake 

Red hake 

White hake 

Yellowtail 

Wincer fldr. 

Other fldr. 

Sculpin 

Ocean pout 

Angler 

All other 
groundfish 

Total groundfish 
and flounders 

Skates 

Sea herring 

63-65.Y 
Mean 

catch/haul 

72.0 

9.6 

9.5 

11.2 

1.6 

22.2 

6.0 

6.7 

3.3 

2.0 

10.2 

8.0 

162.3 

39.0 

69-711/ 
Mean 

catch/haul 

5.4 

5.3 

5.2 

6.4 

1.6 

18.3 

4.8 

3.6 

4.8 

0.3 

3.6 

5.3 

64.4 

15.0 

Weighted mean2/ 
percentage change 

% 
change 

- 92 

- 45 

- 45 

- 43 

o 

- 18 

- 20 

- 46 

+ 45 

- 85 

- 65 

- 34 

- 60 

- 62 

"_ 90" 
- 64 

Cumulative ·landings for 
1962-71 

(metric tons xlO-3) 

581 

336 

1,151 

347 

6 

324 

110 

64 

36 

74 

10 

182 

3,220 

37 

1,666 

1/ Calculated by pooling the means shown in Table 8 for Georges Bank and southern 
New England into a single stratified mean representing Divisions 5Z and 6A. 

l/ Weights equivalent to cumulative landings in 1962-71; weighted mean includes 
skates and sea herring as well as ground fish species indicated (but does not 
include percentage for total groundfish and flounders). 

D8 



T
ab

1
" 

10
. 

E
st

im
a
te

s 
o

f 
re

la
ti

v
e
 c

a
tc

h
a
b

il
it

y
 c

o
e
ff

ic
ie

n
ts

 f
o

r 
g

iv
e
n

 c
o

u
n

tr
y

 a
n

d
 g

e
a
r-

to
n

n
a
g

e
 

c
o

m
b

in
a
ti

o
n

s 
fo

r 
IC

N
A

F
 S

ub
al

:"
ea

 5
 a

n
d

 S
ta

ti
st

ic
a
l 

A
re

a
 

6
, 

w
it

h
 a

d
ju

st
m

e
n

ts
 f

o
r 

le
a
rn

in
g

 a
n

d
 s

ta
n

d
a
rd

 v
e
ss

e
l 

U
S

S
R

 O
T

 S
T

, 
1

8
0

1
+

M
T

. 

G
e
a
r 

U
S

A
 

C
A

N
A

D
A

 
U

S
S

R
 

S
P

A
IN

 
P

O
L

A
N

D
 

G
E

R
M

A
N

Y
(F

R
) 

N
O

N
M

A
 

R
O

M
A

N
IA

 
B

U
L

G
A

R
IA

 

O
T

-S
I 

<
5

0
 M

T
 

. 1
29

 
.0

8
5

 
5

1
-1

5
0

 M
T

 
.1

6
3

 
.1

0
7

 
1

5
1

-5
0

0
 M

T
 

.2
0

5
 

.1
3

5
 

5
0

1
-9

0
0

 M
T

 
.1

5
5

 
9

0
1

-1
8

0
0

 M
T

 

O
T

-S
I 

"" 
5

0
 M

T
 

.4
3

7
 

.2
8

8
 

5
1

-f
5

0
 M

T
 

.. 
1

0
4

 
.0

6
8

 
1

!)
1

-5
M

 M
T

 
.2

2
1

 
. 1

46
 

5
0

1
-9

0
0

 M
T

 
.2

0
5

 
.....

... 
....

....
....

 ..
 ~

 ....
. 

'j
U

1
.-

L
t,

)V
V

 
lV

.1
.l

 

18
00

+
 M

T
 

.8
4

2
 

P
. 

S
E

IN
E

 
0

-5
0

 M
T

 
.2

5
1

 
5

l+
M

T
 

2.
 0

4
0

 
1.

 3
4

3
 

P
. 

T
R

A
W

L
 

A
ll

 

L
IN

E
 T

R
A

W
L

S
 

A
L

L
 

.
0

5
9

.
0

3
9

 

H
A

N
D

 L
IN

E
S

 
A

ll
 

D
. 

G
IL

L
N

E
T

S
 

A
ll

 

c \I
) 

.0
1

7
 

.0
1

4
 

.1
3

2
 

.2
4

4
 

.3
9

7
 

.1
51

 
.2

8
0

 
.2

8
1

 
.4

5
5

 
.4

6
1

 
.7

5
0

 

.3
7

0
 

.6
0

2
 

.2
0

0
 

. 
S9

b 
.8

9
8

 
1.

 4
5

6
 

.4
B

4
 

*'
1.

00
0>

 
1.

 0
0

0
 

1.
 6

2
5

 
.5

-4
0 

.0
4

9
 

.8
5

7
 

2
.4

2
3

 

.2
2

0
 

.4
9

2
 

.0
1

6
 

N
 

N
 



- 23 -

Table 11. Estimates of standardized effort with learning (standard= 
USSR, OT ST, 1801+ MT) and catch/standardized effort for 
years 1961-1971, ICHAP Subarea 5 and Statistical Area 6. 

Standardized Effort 
Catch Learn:1.ng Adjustment Catch/Effort 

1961 342,913 5,607 61.16 
1962 536,841 13,146 40.84 
1963 649,586 11,617 55.92 
1964 782,519 17,633 44.38 
1965 946,060 18,046 52.42 
1966 949,017 20,631 46.00 
1967 723,702 15,504 46.68 
1968 856,098 20,268 42.24 
1969 943,866 26,353 35.82 
1970 773,818 21,620 35.79 
1971 1,082,913 33,209 32.61 
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Table 12. Estimates of optimum effort', MSY, catch/effort and coefficient of 
determination for ICNAF Subarea 5 aQd ~tatistical Area 6 catch and 
effort data applied to the Schaefer model. Gu11and's averaging method 
to determine effort in year i was used on the basic data. Standard = 
USSR OTST, 1801+MT. 

Data adjusted ror learninG 
AveraGinG Eeriod-

OPTIMUM EFFORT* 3 ~ears 4 ~ears 5 ~ears 
1963-1971 24,582 
1964-1971 24,982 25,126 
1965-1971 21,953 20,035 19,241 
1966-1971 23,675 21,233 19,150 
1967-1971 24,779 21,580 18,938 
1968-1971 29,276 25,124 20,318 

MSY 
1963-1971 858,148 
1964-1971 861,785 835,073 
1965-1971 851,039 809,570 770,192 
1966-1971 850,532 804,845 770,648 
1967-1971 846,778 803,415 772,953 
1968-1971 869,515 804,076 761,363 

CATCH/EFFORT 
1963-1971 34.91 
1964-1971 34.53 33.21 
1965-1971 38.78 40.40 40.01 
1966-1971 35.92 37.93 40.24 
1967-1971 34.14 37.23 40.78 
1968-1971 29.74 31.98 37.46 

COEFFICIENT OF DETERMINATION 
1963-1971 .81 
1964-1971 .80 .64 
1965-1971 .83 .88 
1966-1971 .77 .83 
1967-1971 .77 .78 
1968-1971 .77 .78 

*Optimum effort is defined as that corresponding to the MSY 

Percentage reduction in standardized effort to achieve MSY. 
Standardized effort adjusted for learning. 

Efrort AveraGinG Period 
3 years 4 years 5 years 

Reduction 34% 40% 42% 

011 

.97 

.94 

.93 

.86 

catch level. 



- 25 -

Table 13. Results of Analysis of Variance of In (catch/effort) data of 
ICNAF Subarea 5 and Statistical Area 6. Data adjusted for learning. 
Gear-tonnage class was the only factor considered. Catch and effort 
data were summed over countries within a year. Observations were 
annual catch/annual effort logged to the base e. ** = significant 
at 0.01 level. 

Source of 
variation d.f. Mean Square F 

Between S.S. 268.2 16 16.766 37.94** 
Wi thin S. S. 56.6 128 .442 

Total S.S. 324.8 144 

Table 14. Estimated Relative Catchability Coefficients of Gear-Tonnage Class 
combinations ~lative to OTSr. 0-50 MT for ICNAF Subarea 5 and 
Statistical Area 6. Effort data adjusted for learning. 

Gear - Tonnage Class 
OTSI 

0-50 MT 
51-150 MT 

151-500 MT 
501-900 MT 
901-1800 MT 

OTST 
0-50 MT 

51-150 MT 
151-500 MT 
501-900 MT 
901-1800 MT 
1801"MT 

PURSE SEINE 
0-50 MT 

51+MT 

PAIR TRAWL 
ALL 

LINE TRAWL 
ALL 

HAND TRAWLS 
ALL 

D. GILL NETS 
ALL 

012 

Coefficient 

1.00 
1.157 
1.432 
:Z.911 
2.471 

3.767 
1.181 
1. 367 
1. 812 
7.944 
7.331 

1.825 
14.002 

3.306 

.383 

.126 

.119 
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Table 15. Estimates of Optimum Effort*, MSY, Catch/Effort and Coefficient 
of Determination for ICNAF Subarea 5 and Statistical Area 6 Catch 
and effort data applied to the Schaefer model. Gulland's averag
ing method to determine effort in year i was used on the basic 
data. Standardized effort based on relative catchability 
coefficients without country factor. 

OPTIMUM EFFORT* 
1961-1971 
1962-1971 
1963-1971 
1964-1971 
1965-1971 
1966-1971 
1967-1971 
1968-1971 

MSY 
-1961-1971 

1962-1971 
1963-1971 
1964-1971 
1965-1971 
1966-1971 
1967-1971 
1968-1971 

CATCH/EFFORT 
1961-1971 
1962-1971 
1963-1971 
1964-1971 
1965-1971 
1966-1971 
1967-1971 
1968-1971 

3 years 

164,592 
167,702 
162,597 
173,463 
178,004 
216,356 

843,548 
844,113 
842,625 
844,531 
843,743 
869,612 

5.13 
5.03 
5.18 
4.87 
4.74 
4.02 

COEFFICIENT OF DETERMINATION 
1961-1971 
1962-1971 
1963-1971 .94 
1964-1971 .88 
1965-1971 .86 
1966-1971 .79 
1967-1971 .75 
1968-1971 .79 

Learning adjustment 
Averaging period 

4 years 5 years 

163,170 
150,716 
159,603 
156,744 
186,121 

804,553 
799,286 
798,327 
799,270 
803,943 

4.93 
5.30 
5.00 
5.10 
4.32 

.88 

.89 

.84 

.81 

.79 

144,704 
145,719 
140,792 
153,752 

759,401 
759,226 
763,946 
754,556 

5.25 
5.21 
5.43 
4.91 

.97 

.95 

.95 

.92 

*Optimum effort is defined as that corre~ponding to the MSY catch level. 
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Table 16. Percentage reduction in standardized effort to achieve MSY. 
Standardized effol:t adjuste.d for learning. 

Effort 
Averaging period 

3 years 4 years 5 years 

Reduction 32% 38\ 40\ 

014 
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INTRODUCTION 

ICNAF Ree.Doc.73!a 
Appendix 

A t the January 1973 ICNAF Aeeeeement Subcommittee Meeti~g several 

suggestions were made relative to the analysee u.ed in Doc,<_73/8 entitled 

"An Evaluation of the Effect of Fi8hing on the Total Finfish Biomall8 in 

ICNAF Subarea 5 and Statietical Area 6." An attempt was made -to investi-

gate these suggestione and the results are reported here. 

I. Expression of effort in different standard units. 

The estimation of relative catchabHities, yearly effort values, 

and Schaefer yield-effort curves were ealculated as in the original paper, 

· . , ... 

using USSR stern trawler tonnage class 1801+ MT as a standard. This procedure 

does not produce changee in the maximum yield or in the relative changes in 

fishing effort. Tables 10-12 present these results. 

II. Evaluation of Catch-Effort Relationships 

Eliminating Country Factors 

The analysis of variance used in Brown et a1. (1973) considered country 

and vessel (gear-tonnage cla8s) category. The mean square for the country 

factor was considerably smaller than that for vessel category. Therefore 

it was suggested that a one way analysis of variance using vessel factors only 

be tried. Adjustment for learrling was utilized in this analysis. The apprc;:>-

riate data tabulations are pre8ented in TaDle 13 to 16. The conclusions a8 to 

the MSY catch. the level of effort associated with it, and the extent the 1971 

eli0rt exceeds that level are essentiall~! the same as in the earlier analysis. 
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