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Introduction 

There has long been an, interest in possible effects of heavy fishing on 

staui tHy as well as productive capacity of the marine fish community as a 

whole. In fact. effects of f.iehing may extend to other biotic components of the 

marine ecosystem. However, since our understanding of the ecosystem is still 

rudimentary t we can only speculate on the probable nature and magnitude of such 

interactions. Study of the problem for fish populations alone has been hampered 

by the lack of accurate data on the composition and size of the total fish biomass. 

It is true that landings statistics have steadily become more complete and detailed 

as to species composition, but information on the ratio of removals to stock size 

has accumulated slowly and only for a few important commercial species. 

Changes in catch per unit effort alone in relation to removals can provide 

son,e n~ca~t1r~ (If th(~ irTl(Jacl of fishing but commercial :Hati::itkll rllJ nol provjd(~ 

reUable indices of rcl;ltiV(~ .lhundallcl' for tlJlJre than a few ~redeH. A consistent 

measure of relative abundance for all species available to ilny given type of gear 

can only be obtained with a research vessel employing strictly standard fishing 

techniques, recording catches of all species, and sampling throughout the entire 

area of interest as well as locations where priority species are a.ggregaLed. 
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Groundiish surveys of this type have been conducted in New England waters by 

the U. S. A. research vessel Albatross IV ~ince 1963, and t.he lime ~(!riCB re

presented hy Ihese survey~ provides some first approximations to the relative 

changes in slanding crops of all components of the groundfish community. Survey 

data from Division 5Z are briefly reviewed in this paper in an attempt to assess 

the impact of recent fishing on the total groundfish resource, to determine 

whether there has been any significant shift in species composition of the 

groundfish biomass, and to estimate the total sustainable yield of the groundfish 

community as a whole. 

METHODS 

Specifications of the' standard survey trawl and rationitle for the stratified 

random sampling design used in the Albatross IV surveys have already been 

reported (Grosslein, 1968). Also, evidence has been presented for selected 

groWldfish species that abundance indices derived from these surveys are of 

sufficient accuracy to morutor major changes in stock size (Grosslein, 1971; 

Halliday, et. al., 1971). Even in the case of certain pelagic species such as 

sea herring which are relatively unavailable to the standard Yankeee 36 survey 

trawl, there has been a correlation between trends in spring ~urvey catches and 

decline in the Georges Bank stock (Anthony, 1972). Thus it appears that survey 

data can be relied on to in~icate major changes in relative changes in fish biomass 

even when availability coefficients are small. 

Only autumn (Oct. -Nov.) surveys are presented in this paper because 

they represent the longest unbrokl~n time series available. IV~Lativc abundance 

indices are presented for two areas, Georges Bank (sampling strata 13-2~. 2'5) 

and southern New England (sampling strata 1-l2). (see Figure 1). These two 

areas taken together represent a major part of Division 52 and part of 6A, but 

taken separately they do not correspond cLosely with subdiviRions 5Z cast and weal. 

Stratum boundaries do not correspond exactly with statistical boundarieB since 

they were chosen on the basis of biological communities rath(:.l' thf;l,n statistical 
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d.reas, Stratum Bets ('ould be constructed 10 correspond more closely to 

statistical subdiviions but the given sets were available from another analysis, 

and taken together provide a reasonable measure of changes in 5Z. 

Stratified mean catch in pounds per haul for each species was calculated 

for each stratum set for each cruise in the manner described by Grosslein (1971). 

The data are given in terms of catch per standard 30-minute haul. and no 

transformations were used in the computations (Tables 1 and Z). Emphasis is 

given to species in the ICNAF statistical category "groundfish and flounders" 

Bince these make up the bulk of fishes available to the Yankee 36 trawl. However, 

figures for skates, spiny dogfish, and all other finfish (mostly lIp elagic tl species) 

are also listed in Tables 1 &- 2 to give a complete picture of all finfish combined. 

For comparisons of abundance indices with removals, total landings of comparable 

species or species groups from 5Z are given in Table 3 and are shown in Figure 2. 

CHANGES IN RELATIVE BIOMASS OF GROUNDFISH 
IN RELATION TO REMOVALS 

Principal Commercial Species 

Estimates of fishing mortality rate, stock size and/ or sustainable yields 

have been obtained for several of the major groundfish species in 5Z, notably 

cod, haddock, yellowtail flounder, silver and red hake, and these data have been 

summarized in reports of the As'sessment Subcommittee. The survey data 

reported here adds no new information for these species, but the changes in 

survey indices are reviewed briefly to demonstrate that they are consistent with 

changes in stock size inferred from the most accurate commercial abundance 

indices available. 

The precipitous decline in the Georges Bank haddock s:ock following 

heavy fishing in the mid-1960 1 s and poor recruitment since 1963, is illustrated in 

figure 3. Haddock landings tripled from around 50,000 tons in the early 1960 IS 

to 150,000 tons in 1965, and the haddock survey index dropped from a peak of 

nearly 200 lb/haul in 1964 to less than 10 Ib/haul in 1971, suggesting a reduction 
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in total haddock biomass on the order of 15-20 fold (Table 1). The apparent 

magnitude of this decline is cunsiderably greater than indicated by comparisons 

of current estimates of available stock with estimates of stock size prior to onset 

of fishing by countries other than U. S. A. These latter estimates show a decline 

of roughly 7-fold from 145 to 21 million age 2+ haddock (Res. Doc. 72/1). However, 

it must be remembered that the exceptionally strong 1963 year class probably 

was fully available to the Albatross IV survey gear in 1964 when the peak survey 

abundance was recorded. Thus a is-fold decrease in standing crop from 1964 to 

the present may be a fairly reasonable estimate of the actual decline in biomass 

over the last 7 years. The relative decline in haddock survey indices for southern 

New England was even more drastic. with the species all but disappearing from 

catches in that area (,rable 2., Figure 4). 

In the case of red hake there also seems to be a rather clear relation 

between increase in landings and decline in abundance. Landings increased 

from a few thousand tons in the early 1960'5 to over 80 thousand tons in 1966, 

and the catch per haul on Georges Bank surveys dropped from a high in 1963 of 

17 Ib/haul to about 1-1/2 Ib/haul in 1967 (Tables I and 3, Figures 2 and 3). The 

survey indices are rather variable and the c:hanges are not cLoseLy correlated with 

removals for individual years. Nevertheless the downward trend is significant 

suggesting a drop in biomass of at least 5-fold. Estimates of decline in red hake 

biomass in Division 5Z east based on U. S. S. R. data suggest a decline by a 

factor of about 10 (Res. Doc. 72/1). The U. S. S. R. data also showed about the 

same level of removals from Division 52 west and Subarea 6 from 1965 to 1967. 

However, this level of harvest did not appear to reduce stock size nearly aH 

much in the southern New England area, and this result was observed in the 

survey indices as well, with the minimum index in 1967 being little more than 

1/3 the peak index observed in 1963 (Table 2, Figure 4). Removals in 5Z 

dropped to less than 20, 000 tons in 1968, increased again to nearly 50,000 tons in 

1969 and then dropped to only 10, 000 tons in 1970 partly as a result of the closed 

area (Table 3). From 1968-1971, survey abundance indices on both Georges Bank 
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and southern New England were higher than in 1967 suggesting a partial recovery 

in biomass, but the indices in both areas showed declines from 1969 to 1970 

following the fairly heavy removals in 1969 (Tables 1 and 2). 

Landings of yellowtail in 5Z were 15, 000 tons in 1961, and then increased 

to about twice this level by 1963 and remained approximately at that level except 

for 1969 when they increased to 50, 000 tons (Table 3). Survey indices indicated 

a decline in standing crop from 1963 to 1966 on southern New England grounds, 

followed by a recovery to about the same stock level as before (Table Z). However, 

a sharp drop in abundance in southern New England was noted in 1971 following 

continued high removals (,0,000 and 35,000 lons in 1969 and 1970). On Georges 

Bank yellowtail abundance also declined from 19fd to 1966 and then recovered 

but only partially; abundance appears to be significantly lower now than in the 

early '60 IS (Table 1). Since yellowtail landings have been fairly stable, the 

apparent changes in relative stock size probably reflect changes in recruitment. 

For example, the recovery in abundance in southern New England after 1966 

probably was due to the better than average recruitment of the 1965 y.ear class 

as indicated by a high pre-recruit (1+) index in 1966 (Res. Doc. 72/1). In general, 

biomass of yellowtail in both areas has exhibited much less drastic change than 

either haddock or red hake, which indicates t.hat the average level of removals 

in the last decade was more in line with the productive capacity of this flounder 

species than was the case for the two gatEd species. Howevpr, the current 

assessment of the southern New England yellowtail population indicates that 

removals must be reduced because of low recruitment and excessive fishing 

(Res. Doc. 72/1). 

Cod abundance indices on Georges Bank have shown no definite trend since 

1963 even though 5Z cod landings doubled from 1963 to 1966, and thereafter 

remained at a level about 1-1/2 times that of 1963 (Tables 1, 3). The current 

assessment for Subarea 5 cod indicates that the 1970 level of removals is about 

the maximum sustainable yield for this stock (Res. Doc. 72/1). Thus for cod 

E6 



b 

;\5 for yellowtail, GiOl1li\S8 a.ppe-ars to have been maintained in spite of increased 

fishing. but in the {:ase of both species rernovals have been near levels of 

maximum yield per recruit. It might be noted however that in southern New 

England cod abundance dropped to its lowest recorded level in the 1971 survey 

suggesting that there is little basis for optimism (Table 2). 

Of all the major groundfish species I silver hake show the least reLationship 

between survey indices and renlOvals. For example. Georges Bank indices 

were remarkably similar from 1964 to 1967 and yet landings in 1965 were more 

than double what they were in 1963. Survey abundance indices did recover 

somewhat in 1968 and 1969 on Georges Bank, after 5Z landings dropped off rapidly 

following the peak removals in 1965. but then catch per haul declined again in 

1970 and 1971 (Table I, Figures 2. 3). Variable recruitment and/or availability 

may be involved as well as above average sampling errors, and these factors 

have yet to be analyzed in detail. 

In southern New England survey indices for silver hake showed a substantial 

drop in 1966 after the peak removals of 1965, then increased slightly in 1967 and 

1968, and then dropped to their lowest levels in 1969 and 1970 - to about half the 

level of the period 1963-1965 (Table 2, Figure 4). Abundance appeared to increase 

slightly in 1971. However the average abundance in the last 3 years has been 

roughly half that observed in the ,period 1963-1965, suggesting that relative 

biOlnass of silver hake in southern New England has dropped 50 percent. That 

abundance must have declined is intuitively obvious in view of the substantial 

drop in landings at a time when total fishing effort remained at a high level. 

Other Groundfish Species 

I turn now to groundfish or flounder species which are intentionally fished 

by only a small portion of the total fishing fleet in 5Z, and are taken incidentally 

by the remainder of the vessels. Among this group are included white hake, 

winter flounder and other flounders (exclusive of yellowtail and winter flounder). 
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Hl'corripd annll.:\l 1;u1dinqs o( whitp hal~c' W{'n~ smn.ll (less tlli\n 1,(H)() tons) 

throughout the decade and survey abundance indices on both Georges Bank 

and in southern New England were fairly stable although there is some 

indication of a decline in the latter area since 1968 (Tables 1-3). 

Winter flounder landings increased significan".::ly after 1963, and in the 

latter part of the period were about twice as large as at the bee]inning. 

The relative abundance of winter flounder showed no consistent trend 

on Georges Bank but agam the average catch per haul in southern New 

England was noticeably lower (about 50 percent lower) in later years. 

In the case of "other flounders, II landin(IS increased in about the same 

pattern as for winter flounder, and abundance indices declined in the 

later years to about 50 percent and 60 percent of the earlier levels in 

southern New England and Georges Bank respectively. 

Other groundfish species for which there is relatively little inten

tional fishing are sculpins (chiefly longhorn sculpin), ocean pout and 

angler, which were lumped into the miscellaneous category of landings 

statistics until the mid-1960's (Table 3). These three species undoubtedly 

made up a significant proportion of the category "other groundfish ll in 

the period 1961-65 but the actual quantity is unknown, and presumably 

even now there is someunknown quantity of discard. In any case there 

has been a major increase in -the removals during the last decade, parti

cularly for ocean pout and scu1pins. 

Recorded landings of ocean pout first became substantial in 1966, 

and they reached a peak of 25,000 tons in 1969 (Table 3). On Georges 

Bank there was a very prominent decline in survey abundance of ocean 

pout from an initial index of about 4-1/2 lb/haul in 1963 to 1/10 Ih/ 

haul by 1969, an apparent reduction on the order of 40-50 fold, and 

catch per haul remained a,t this very low level in 1970 and 
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1971 (Table 1). In southern New England decline in ocean pout survey indices was 

much less drastic but it was at least 50 percent (Table 2). 

Sculpin landings were first recorded separately in 1966 and reached 

a peak of 10,000 tons in 1969 (Table 3). Catch per haul of longhorn sculpin 

on Georges Bank surveys fluctuated from year to year but there is indication 

of a modest upward trend, with average catch per haul in the last three years 

(1968-1971) nearly twice that observed in the first three years (1963-1965, Table 1). 

In southern New England, scuLpin abundance indices increased from 1963 to 1966 

and then leveled off (Table 2). In the case of Angler, recorded landings were 

negligible but survey indiciea on Georges Rank indicate about a four-fold decline 

in biomass from 1963 to 1971, and a 50 percent decline in southern New England 

(Tables 1-3). 

The remainder of groundfish species are lwnped into the category !lather 

groundfish ll and the landings statistics imply a very large proportional increase 

in 5Z removals of lIather groundfish" since 1961 assuming that in the earlier 

years, Bculpins, pout and angler were caught in about the same relative proportion 

to other groundfish as in later years (Table 3). Whether or not this is true it 

is difficult to relate landings of such a conglomerate of species to relative 

abundance changes. In any case Georges Bank survey abundance indices for 

the category "other groundfish ll were about 50 percent lower in the latter half 

as compared with the first half of the period 1963-1971 (Table 1). In southern 

New England the decline was about 25 percent (Table 2). 

Other Species 

Among the species not included in the category IIgroundfish and flounders. II 

skates and spiny dogfish are nlost available to the Yankee 31) trawl. Recorded 

landings of skates suggest a low rate of removal relative to what undoubtedly is 

a sizeable biomass, but discards may amount to considerably greater tonnage 

than the recorded landings. Survey abundance indices for all skate species 

combined show considerable year to year fluctuations on Georges Bank 

(attributable mainly to chance variation in catches of large individuals of harndoor 
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skalt-'s) but IJwn~ js a definite downward tn'lld and average catch per haul jn 

the last 4 yl'.lr~ of Ihe linl(' St'rips was SO percent lower than in the first 4 YC'ilrs 

(Table 1). The apparent decline was even greater in southern New England where 

abundance indices in the Latter part of the period were only 1/4 as high as in the 

early years (Table 2, Figure 4). Although the actual total removals of skates 

is unknown the decline in relative biomass of skates is not at all surprising in 

view of the tremendous increase in bottom trawling activity and the relatively 

low reproductive potential of these species. 

Dogfish are essentially unexploited in ICNAF waters so far, and survey 

indices provicif' no evidcnc£' of any significant change in SZ. On Georgf'H Bank 

where dogfish ar,,· relatively Iic,lrn' in autUllln, the ('.tlt:h per haul figures were 

quite stable throughout the entire time series (Table 1. Figure 3). In southern 

New England where dogfish are concentrated in autumn, catch per haul values 

are highly variable because dogfish form such dense schools. No definite trend 

either up or down has yet been established even though three of the lowest values 

m"l"urred sjncc 19hH ('1'ablt· 2. Figure 4), 

The final group "all other finfish" shown in tables I 'lncl 2 rp.presents 

mostly so-called pelagic species such as sea herring, round herring, alewives, 

mackerel, butterfish, etc., for which the survey trawl has very low efficiency. 

Since these are schooling species J trawl catches are extremely variable and 

hence the survey abundance indices vary widely from year to year. Not 

surprisingly there are no trends revealed either on Georges Bank or in southern 

New England for the 1Iall other finfish ll category, but it may be noted that 

relative abundance of the category is significantly higher in southern New England 

than on Georges Bank (Tables I and 2). It should be noted that the category 

"miscellaneous" shown in figures 3 and 4 includes all other finfish not listed in 

the figures. Landings of the major pelagic species are reviewed in Part II. 
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SUMMARY OF CHANGES IN RELATIVE COMPOSITION 
OF GROUNDFISH COMMUNITY 

Of the major groundfish and flounder species which were the object of 

directed fisheries by one or more ICNAF countries in Division 5Z in the Last 

decade, it appears that only two species, cod and yellowtail, have maintained 

a fairly stable biomass. The biomass of haddock appears to have declined to 

only 5-10 percent of its size 8 years ago, following heavy fishing and subsequent 

poor recruitment. Red hake and silver hake biomass declined at least by 

80 percent and 50 percent respectively immediately after heavy removals in the 

middle 1960's, but then recovered partially with subsequent recruitment. No 

trend was observed for the standing crop of wintcr flounder on Georges Bank but 

biomass of this species appeared to drop about 50 percent in southern New England. 

Abundance of other flounders as a group (exclusive of winter flounder and yellowtail) 

apparently declined by 50 percent in both areas. 

Among species taken incidentally by most vessels of ICNAF countries, 

ocean pout showed the most dramatic decline on Georges Bank to less than 

5 percent of its abundance at the beginning of the survey series, a reduction of 

only 1/2 was indicated for southern New England. Skate biomas s dropped by 

50 to 75 percent on Georges Bank and in southern New England respectively, 

and angler abundance declined about the same degree but in the reverse order 

relative to area. Abundance of the miscellaneous category Ilother groundfish l1 

also appeared to drop 50 and 25 percent on Georges and in southern New England. 

White hake biomass appeared to remain stable but recorded removals were 

minimal. Sculpin abundance appeared to increase throughout the decade and this 

was the only species for which biomass appeared to increase. Dogfish abundance 

showed no trend;:; and there was no fishery for this species. 

In a general sense then, the most obvious changes in the composition of 

the groundfish community have been the drastic reductions in haddock, ocean pout, 

and skates, moderate reductions in most of the other components, but relatively 

little change in cod, yellowtail, dogfish and sculpins. 
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There:' it; 110 evidenu' of .llly spedcH tlr group filling ecological nid\(-'.!i 

opened up by reduction in biomass of major species. This is perhaps nol 

surprising. Even if inter-specific competitive or prey-predator interactions 

did serve to help limit populations of certain species, these effects very likely 

would take more than a few years to manifest themselves because most major 

species are relatively long-lived. Furthermore, such effects could very well be 

masked by the over-riding effects of heavy fishing. In any casc, the general 

picture is that the standing crop of most species in the groundfish community 

has been reduced by at least 50 percent over the last 10 years, chiefly as a 

result of fishing. 

MAXIMuM SUSTAINABLE YIELD OF TOTAL GROUNDFISH RESOURCE 

It is obvious that the groundfish resource as a whole cannot sustain 

harvests at the peak levels recorded in the mid-1960's. Ten years after the 

onset of major increases in fishing effort and landings in SZ, the total landings 

of groundfish and flounders had dropped back apprOximately to the same level as 

in 1961 when the U. S. was virtually the only country fishing for groundfish in 5Z 

(Figure 2). Since total effort has remained at a high level or even increased 

in the latter half of the 1960's, the reduction in landings occurred as a result of 

significant reduction in the biomass of most groundfish species and there is little 

doubt that the reduction in biorpass can be attributed largely to heavy fiShing. 

Furthermore, there are no alternative groundfish stocks which could provide 

sustainable yields comparable to those obtained in the mid-1960's. The many 

species making up the miscellaneous groundfish category are not very abundant 

even taken collectively, as indicated by the fact that relatively low levels of 

incidental catches generated significant declines in abundance. Other species 

which represent a sizeable biomass such as skates and dogfish (excluded from 

the statistical category groundfish) appear not to offer any major alternative 

from the standpOint of tonnage, because of low reproductive capacity. For all 

these reasons it seems quite clear that maximum sustainable yield (MSY) of 
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groundfish must be substantially less than the peak landings recorded in 1965 and 

1966. 

A first approximation to the MSY for the total groundfish stock in 5Z 

has been made by combining estimates of maximum yield for major species 

based on available assessments, with first approximations of sustainable 

yield for most remaining groundfish species. The latter estimates are based 

on an assumed relationship between maximum yield and the ratio of the stock 

size at the MSY level to the original stock size prior to exploitation. I have 

generally assumed that the MSY is equivalent to that level of harvest which 

reduced the relative biomass by 50 percent from the levels of stock size present 

at the beginning of the last del'ade. whic"h for purposes of a first approximation 

may be considered as nearly virgin stock levels. 

FollOwing through with this reasoning the estimated long term MSY fS 

for the major groundfish species are as follows: 

Species 

Cod 

Haddock 

Yellowtail 

Red Hake 

Silver Hake 

Winter Flounder 

Other Flounder 

Sculpin 

Other groundfish 

All groundfish and 
flounders 

Division 5Z 
MSY in tons x 10- 3 

35 

50 

30 

50 

100 

LO 

10 

10 

20 

315 

Thus the long term maximum sustainable yield of groundfish might be on 

the order of 300,000 tons, and if skates and dogfish were exploited fully and 

included with the groundfish. this might raise the totaito 350,000 tons. Note, 
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however, that this level of yield depends upon maintenance of average recruitm ent. 

The possibility that stocks may be fished down to levels where recruitment is 

impaired, as may now be the case with Georges Bank haddock, of course may 

prevent realization of the MSY for that species. There appears to be real 

danger that other stocks besides haddock may soon reach this stage in ICNAF 

areas, and that the productive capacity of the groundfish resource as a whole 

may be depressed. Therefore, it will become more and more important to assess 

the fisheries as a total resource. Use of research vessel data such as that 

reviewed here will be essential to help monitor changes in the total fish biomass. 

It is hoped that the preliminary analysis presented here will stimulate work in 

other areas. 
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Table 1 -- Mean catch per haul (lb) of groundfish and flounders, and other species, on 
Georges Bank (sampling strata 13-23, 25) on ~lbatross IV autumn surveys. 

Species 1963 1964 1965 1966 1967 1968 1969 1970 1971 

Haddock 118.6 193.6 131.0 50.8 43.7 19.2 5.6 22.0 6.3 
Cod 25.1 15.6 7.5 8.8 20.0 10.8 7.5 13.3 8.0 
Silver hake 7.9 2.8 3.3 3.3 2.3 5.5 3.7 2.8 2.7 
Red hake 17.3 5.8 4.6 3.1 1.4 2.9 4.0 2.2 4.5 
White hake 2.0 1.2 1.4 5.6 3.2 2.0 2.2 3.8 1.0 
Yellowtail flounder 21.6 22.3 14.7 6.5 11.7 17.7 14.4 8.0 9.7 
Winter flounder 4.8 5.5 5.0 9.5 3.4 3.7 4.4 12.3 2.6 
Other flounders 7.6 4.8 2.6 8.0 4.8 2.8 5.1 3.4 2.8 
Longhorn Sculpin 5.4 2.9 5.9 7.2 3.8 8.7 7.0 10.5 7.6 
Ocean Pout 4.4 2.7 2.3 2.4 0.5 0.3 0.1 0.2 0.1 
Angler 8.2 5.7 11.3 14.5 1.0 5.0 2.8 1.5 1.6 
Other Groundfish 7.6 8.6 6.4 10.9 5.9 3.6 4.0 4.2 4.7 

." Total (all groundfish 230.5 271.5 196.0 130.6 101.7 82.2 60.8 84.2 51.6 .. and flounders) ::: 

Skates 76.9 33.8 52.9 37.8 27.4 25.7 19.6 33.0 17.9 
Spiny dogfish 7.4 7.4 9.1 4.5 4.2 11.6 5.2 8.1 7.7 
All other finfish 5.5 4.9 3.4 5.6 4.7 4.7 3.4 1.5 5.1 

(pelagics) 

Total all finfish.!! 320.0 317.5 261.0 178.0 137.5 123.6 87.8 126.4 82.3 

1/ Exclusive of invertebrates. 
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A Preliminary Evaluation of the Effect of Total Fishing 

Effort on the Total Fish Biomass and First Approximation 

of Maximum Sustainable Yield for Finfishes in ICNAF 

Division 52 and Subarea 6 

Part II. Estimates of total fishing effort and its 

relation to sustainable yield of finfish 

B. E. Brown and J. A. Brennan 

INTRODUCTION 

In the decade 1960 to 1970 fishing effort greatly 

increased in ICNAF Division SZ and Subarea 6 with the entry of 

several countries into the fisheries. In order to make a 

preliminary evaluation of the effects of the fishing on the total 

biomass, it is necessary to establish a meaSU~ of total effort 

that enables the effort to be related to fishing mortality, so 

that F = qf where F is the instantaneous rate of fishing mortal i ty .. 

q is the catchability coefficient and f is the amount of fish-inq 

effort. In this pap(:>r jishing pow('r coefficipnts i"lre cstjmated 

for various categories of fishing units based on total cateh per 

day of all species. Using these coefficient, effort through 

the decade has been expressed in standardized units. Fishing 

effort is then examined relative to trends in catch and estimates 

of total sustainable yield for finfish. 

MEn10DS 

Robson (1966) proposed determining fishing power coefficients 

using an analysis of variance technique for a logarithmic linear 

model. In the present study the following model waS utilized: 

Fa 
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Y i j k = m a i b j e i j k 

where Y. k is the catch per day of all species, for the ith , j 

country, for the jth gear-tonnage class category and for 1i1 e 

kth year, m is the overall mean, 

a. is the country factor, , 
b

j 
is the gear-tonnage class category factor, and 

ei j k is the error of the kth observation at the i-j level 

assumed to follow a N (), rS 2) distribution. 

A natural logarithmic transformation of the observations is 

used to achieve linearity of the model. The coefficients were then 

estimated using the analysis of variance procedure outlined by 

Snedecar and Cochran (1967) for a row x column deSign with unequal 

cell frequencies and missing obersvations. 

Fishing power estimates are determined for each cell by the 

ratio of a i b j for ith, jth cell to the a i b j vnlue for a 

selected standard cell. 

The catch and effort data used in this analysis were obtained 

from Tables 4 and 5 of ICNAF Statistical Bulletins 10 through 20 

(for years 1960-1969). The data were not complete and estimates 

were used for some entrips. 

In 1962 USSR P f fort W,\S not n'ported in termS o.f days fishes, 

although hours fished and days on grounds were given. The numbers 

of days fished for the USSR otter trawl fleet waS estimated from a 

linear relationship of hours fished to days fished, and hours fished 

to days on ground which were determined for each category over all 

other years of USSR data. For USSR drift-gill netters, 1961 WaS the 

only year with complete effort data, therefore, entries from that 

year were used to estimate effort for all other years. Missing 

effort for other entries in Table 4 were estimated by dividing the 

total catch for that entry by the catch per day for all other 

years for that country t (Jear-tonll;\(!p (' 1 ass <'atpqory. Dan i ~h '.f·i nC"', 

were eliminated because of their minor contribution to effort and 

catch total!i. 

F9 
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The category U. S. side otter trawlers in the 0-50 MT class was selected 

as the standard cell as this was a very consistent entry. 

Division 5Z and Subarea 6 were combined for this study. Prior to 1966 

when ICNAF statistics for 6 were not reported, catches were determined from 

fishery statistics of the U.S. for 1960-1965, and from previous correspondence 

with USSR scientists. U. S. menhaden landings, which are captured close to 

shore, and miscellaneous shellfish were excluded from the analysis. 

RESULTS OF THE ANALYSIS OF VARIANCE 

The results of this analysis of variance are presented in Table 1. Both 

vessel class differences and country differences were significant at the..:.:t:.. ::; .01 

level. The former showed the greatest differences. With missing cells, the 

presencl.· of all inlcr.u:lion HUll' of squares illvalidates the analysis. Since larg(~ 

F values for interaction were obtained, the cell values were examined to determine 

its source (Table 2). The interaction sum of squares could be attributed mainly 

to the following gear-tonnage class levels: stern otter trawler, tonnage classes 

0-50 MT and 51-150 MT, each for Canada and U. S.; dredge, tonnage class 0-50 MT 

for U. S. and Canada; and purse seines, tonnage class 151-500 MT for country 

combinations involving USSR. 

Considering the relatively minor contribution of these categories to the 

total catch and effort it was decided to ignor the interaction and proceed with 

the analysis. Fishing power coefficients are presented in Table 3 for all country J 

gear tonnage cate~1;ories which were present on the fishery. 

ESTIMATION OF TOTAL EFFORT 

Total effort in standard days fished directed at finfish was estimated for 

each year from 1960 to 1970 by multiplying the unadjusted days fished by the 

fishing power coefficient relative to the standard (U. S. otter trawlers) and summing 

over all categories. Catch per day of finfish was estimated for each year from 

the above effort and the sum of the catch for that effort. The total estimated annual 

finfish catch for Division 5Z and Subarea 6 (minus menhaden) was divided by these 

F 10 
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values to obtain the total effort. The results are presented in Table 4. 

These values clearly illustrate the importance of a standardization 

procedure in assessing the effort exerted on the fisheries in a particular area. 

According to the unadjusted effort figures. the effort approximately doubled 

during the period 1960-1970 for both regions, while according to the standardized 

effort figures. that effort tripled during the same period. 

The catch per day peaked in 1966 for the unadjusted efforts and in 1965 

for the standardized effort. The standardized values also have lesser 

fluctuations from year to year than the unadjusted ones, The initial increase 

may be at least partially the result of a learning factor which might be expected 

for those countries initiating new fisheries during this period. Such a factor 

would cause a more rapid rise in standard days fished than estimated here. 

RELATIONSIDP TO MAXIMUM SUSTAINABLE YIELD VALUES 

Gro8s1ein (Fart I) has estimated that the 5 Z area has a maximum 

sustainable yield of all groundfish. (except hakes}, flounders, dogfish and skates 

of 200. 000 MT. 

Anderson (1972) and Anderson and Au, 1972) indicate a maximum sustained 

yield of about 200, 000 MT for hakes in 5Z-6. Anthony (1972) has estimated MSY 

for the 5Z-6 stocks of herring to be between 225, 000 and 325, 000 MT. For the 

purposes of this document, a MSY value of 250,000 MT is used. In view of 

the historic catches in the a rea, a value of 100, 000 MT for the numerous 

miscellaneous species with small individual catches does not seem unreasonable 

and perhaps even on the high side. Since 1967 considerable effort has been 

directed toward the mackerel fishery. The mackerel catch in 5Z-6 increased 

from 20,000 MT in 1967 to almost 200, 000 MT in 1970. How long this and 

higher levels can be sustained is questionable given the past history of fluctuations 

in that fishery. However, an estimate of MSY of 100, 000 MT does not appear 

unreasonable. 

The total estimated yield for all three species is thus 850,000 MT in 

the total region. 
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Landings of 8~O. 000 MT (Table 4) were slightly exceeded in 1965 with 

an effort of 97.000 days fished. However, mackerel were not being harvested 

at that time. If mackerel are not considered landings of other species almost 

reached maximum sustainable yields in 1964 at 87, 000 days fished. (At the 

1964 catch per day of 8.0, an additional 100, 000 MT of mackerel could have 

been taken with 12,500 days fished giving a total 99.500 days fished.) The peak 

effort level of 1970 was 136 percent of the above level. In 1971 effort was still 

117 percent of the estimated maximum value. However, the catch per day in 

1971 is only 74 percent of the peak 1965 value indicating an overall de~rea8e 

in the exploited biomass. If effort in 1971 had been reduced by the same proportions 

as catch per day. then there would have been only 87,000 days fished rather than 

118.000. It is likely that effort would have to be reduced even further than this 

figure to allow for recovery of the overall biomass of finfish in this region. 

All of the estimates in this paper are first approximations, however. it 

is hoped that they willllimulate further discussion and research so that the question 

of total effort-total biomass removals can be more adequately addressed. 
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