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The fishery 

Cod have been fished in ice-free months in the southern Gulf of st. Lawrence 
for more than a century. Up to 1947 the method of fishing was by bait~d hook or 
jigger but at that time a major change took place with th~ introduction of otter 
trawling by Canadians. This change, plus additional fishing by European otter 
trawlers starting in 1952, had a marked effect on the population in the area. 

Tagging experiments reported by McCracken (1959) and Martin and Jean (1964) 
have shown that the Gulf of St. Lawrence cod population is a migratory stock. 
The general pattern of migration is shown diagrammatically in Fig. 1. There are 
two main areas where the fish appear t,) congregate and where the fishery on 
them is concentrated. These are the Magdalen Shallows area between the Magdalen 
Islands and Cape Gaspe-Bay Chaleur area, and secondly, the edge of the Laurentian 
Channel off the northeast coast of Cape Breton. The annual migratolY pattern is 
from the Magdalen Shallows area in the fall to the area of winter concentration 
near Cape Breton and back again to the Magdalen Shallows area in the spring. 

Research vessel surveys using an otter trawl having a small-mesh lining in 
the codend indicate that the migratolY hatit is more pronounced in the older fish. 
This is reflected in differences in size and age composition in the winter and 
summer areas. The samples taken represent both pre-commercial and commercial 
sizes and ages to be found in the ar"a.' The diffprenc8s are represented in 
Fig. 2. The upper part of the figure shows samples taken in the Cape Breton 
area in the winter. When thpy are comp#red with those in the lower part of the 
figure from the southwestern Gulf, it can be seen that the former group is 
composed of longer, older fish. 

Fishing fleets have taken advantage of these migrations and concentratiorw, 
particularly during the last 15 years. The Canadian otter-trawl fleet tends t( 
concentrate its fishing activity on the stock when it is in the Magdalen Shallows 
area whereas other nations fish it when the cod are concentrated along the edg'3 
of the Laurentian Channel north of Cape Breton in the winter. 

The annual landings of cod from this population by Canada and other countries 
are shown in Fig. 3. The early statistics for the years 1936-51 show a wholly' 
Canadian catch, fluctuating between abol1t 20 thousand and 53 thousand metric tons. 
The introduction of otter trawling and the activities of other countries led to 
a rapid rise in landings to a peak in 1956 of 110 thousand metric tons. The 
total has since decreased and seems to be levelling off at somewhere between 
60 and 65 thousand metric tons, partly on account of decreases in landings by 
France, Portugal, and Spain during thb 1960-65 period. 

Canadian landings peaked at about 69 thousand metric tons in 1957, dropped 
fairly rapidly to 40 thousand metric tons in 1960, and increased again to about 
56 thousand metric tons in 1965. Since its introduction, otter trawling has 
become progressively more imnortant, aild this is particular'ly noticeable in the 
figure from 1956 onwards. Since that time, landings by other Canadian gears 
which are mainly various tyoes of line fishing have decreased each year. It 
should be noted in the figure that, although otter tr'awling and Danish seining 
are combined, Danish seining is still a very small part of this, less than 5%. 

1 Fisheries Research Board of Canada, Atlantic Oceanographic Group, 
Bedford Institute of Oceanography, Dartmouth, N. S. 

2 Fisheries Research Board of Canada, Biological Station, St. Andrews, N. B. 

C2 

,., 

INTERN A nONAL COMMISSION FOR 

Serial No. 1906 
(D. c. 9) 

~ ---~--

ANNUAL MEETING 

RESTRICTED 

THE NORTHWEST A TLANnC FISHERIES 

ICNAF Res. Doc. 67(106 

JUNE 1967 

Study of the Southern Gulf of St. Lawrence Cod Population 

By: J. E. paloheimol and A. C. Kohler2 

The fishery 

Cod have been fished in ice-free IDonths in the southern Gulf of st. Lawrence 
for more than a century. Up to 1947 the method of fishing was by bait~d hook or 
jigger but at that time a major change took place with th" introduction of otter 
trawling by Canadians. This change, plus additional fishing by European otter 
trawlers starting in 1952, had a marked effect on the population in the area. 

Tagging experiments reported by McCracken (1959) and Martin and Jean (1964) 
have shown that the Gulf of St. Lawrence cod population is a migratory stock. 
The general pattern of migration is shown diagrammatically in Fig. 1. There are 
two main areas where the fish appear t,) congregate and where the fishery on 
them is concentrated. These are the Magdalen Shallows area between the Magdalen 
Islands and Cape Gaspe-Bay Chaleur area, and secondly, the edge of the Laurentian 
Channel off the northeast coast of Cape Breton. The annual migratory pattern is 
from the Magdalen Shallows area in the fall to the area of winter concentration 
near Cape Breton and back again to the Magdalen Shallows area in the spring. 

Research vessel surveys using an otter trawl having a small-mesh lining in 
the codend indicate that the migratolY hatit is mol''' pronounced in the older fish. 
This is reflected in differences in size and age composition in the winter and 
summer areas. The samples taken represent both pr,,-commercial and commercial 
sizes and ages to be found in the ar"a.' The diffprenc8s are represented in 
Fig. 2. The upper part of the figure shows samples taken in the Cape Breton 
area in the winter. When thpy are comp~red with those in the lower part of the 
figure from the southwestern Gulf, it can be seen that the former group is 
composed of longer, older fish. 

Fishing fleets have taken advantage of these migrations and concentratiorw, 
particularly during the last 15 years. The Canadian otter-trawl fleet tends t( 
concentrate its fishing activity on the stock when it is in the Magdalen Shallows 
area whereas other nations fish it when the cod are concentrated along the edg'3 
of the Laurentian Channel north of Cape Breton in the winter. 

The annual landings of cod from this population by Canada and other countries 
are shown in Fig. 3. The early statistics for the years 1936-51 show a wholly' 
Canadian catch, fluctuating between abol1t 20 thousand and 53 thousand metric tons. 
The introduction of otter trawling and the activities of other countries led to 
a rapid rise in landings to a peak in 1956 of 110 thousand metric tons. The 
total has since decreased and seems to be levelling off at somewhere between 
60 and 65 thousand metric tons, partly on account of decreases in landings by 
France, Portugal, and Spain during thb 1960-65 period. 

Canadian landings peaked at about 69 thousand metric tons in 1957, dropped 
fairly rapidly to 40 thousand metric tons in 1960, and increased again to about 
56 thousand metric tons in 1965. Since its introduction, otter trawling has 
become progressively more imnortant, aild this is particular'ly noticeable in the 
figure from 1956 onwards. Since that time, landings by other Canadian gears 
which are mainly various tyoes of line fishing have decreased each year. It 
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are combined, Danish seining is still a very small part of this, less than 5%. 
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should be noted in the figure that, although otter tr'awling and Danish seining 
are combined, Danish seining is still a very small part of this, less than 5%. 

1 Fisheries Research Board of Canada, Atlantic Oceanographic Group, 
Bedford Institute of Oceanography, Dartmouth, N. S. 

2 Fisheries Res",arch Board of Canada, Biological Station, St. Andrews, N. B. 
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During th" last 15 years ~h"re have been changes in the size and age 
composition of the cod populution. Figure 4 shows size composition of landings 
of cod for the 194;)-51, l'IS6-')7, and 1962-65 periods. In the earlier years, 
1949-51, a group of fish was Leing landed with a peak size at 61 cm. This is 
shown in the top of lh" figure. During 1956-57 the mean size landed was 
particularly high, and as will be shown later, this was a period of accelerated 
growth of these cod. Tile more recent y{.ars are shown in the bottom of the 
figure, with an average for 1962-65. It is apparent that recently the bulk of 
the fish landed are betwe',n 37 arid 70 CM in length, with a usual peak size at 
46 cm. 

Comparable age compositiolls are shown in Fig. 5. For the earlier years 
and during the J'ast-gl <)wtl, ""ri0:i tt", durninant age groun was 7-year-olds. 
Also, there >I.,)'" fail' flUIIlLcl'S of riol) landed that were 10 years of age or 
older, parti~u La dy ill 1 :,1/)-')1. The LLs,;ure shows that during more recent 
years the usu" ll,\' dum}"a'll, CJg'c i'ruul, haJ been 6-year-olds. Data fOI 1965 and 
1966 show the ',fltell lu b·, I !'f)UOil' cnantJy 4-year-olds. The number of fish over 
10 years of age in th" 1,,,,,Hng'i buS decrciased rnark"dly. Both Fig. 4 and 5 
were calculate-d on a numl""l's-of-fish-per-tlip basis for Gloucester-class 
draggers (25-50 tons), 'j'li~ 111,fllbu's ill brackets in Fig. 4 and 5 giving catch 
Del' trio in Ill.l.tnlJeI'S 1'u(' L.Ip-; t,hl"l_;8 periods provide an interesting comparison of 
the smaller nucnllerc; 01 fbT, P'~'" r.rip landed from the years in which the fish 
were larger Hjlt"] CJ 1,rj<> I' :lll~: L-tl'.: l ,:; .. ><d~ ,,!luch larger numbers landed in years in 
which the fit;b are sme:d -! e t' ;.n l\l J,)llJ Ig21 • 

The chang" dl sj~e C'~"flp(j_' il \,,11 .of the catch has affected the numbers of 
fish discarded ,;', 'jeil by l'i"l1~rm,c,'. Te'ips to SGa by staff of the Biological 
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Station have h"lpeci I.e, 1<""1' t.raL" ,~f the changes in discard practices. Data ,~./ 
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Their numbers have decreased ye81'1y since 1956. Initially high discards were 
partially due to th· slIIa11 mlsh b',ir,g used by these draggers, but after 1959 
when mesh re"u:1 aU on r.e,calll" sLr'icUy (nforced, the annual decrease in discards 
continued. This was mi.linl;.' eI,H' Lo a gradual change in acceptable sizes of fish 
at fish plants handling the catch from the 4T cod population. Acceptable si:.;e 
has decreased as the availability of large cod has gone down. Average age 
composition of discards for the years 1949-56 is shown in the bottom panel of 
Table 1. It shows discards to be unde'" age 6 and this has continued to be the 
case in subsequent years. 

Change in availability of fish is reflected in landings-per-unit-"ffor't 
data in Fig. 6. Long-term data for the Canadian otter-trawl fleet are avaiL\ld" 
since the start of dragging by Canadi3ns. The overall trend from 19/.8 to 1)6h 
for Canada is a downward one al t,hough a low was reach"d in 1960 and since ttl"n 
there has been an incI",ase. Catch-per-uni t-p.ffort data for Portugal and Spain 
are also available from lCNAl<' statistics and follow a similar trend from 1954 
to 1960 but take a mdrk,3d npswing flam that time until 1963. This upswing 
arpears to be due to the fact that this fleet now fishes the population only 
when it is denflely concentrated in thE< Cape Br eton ar"a, and this is borne out 
by the total decrease in foreign landings shown in Fig. 3. 
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During th" last 15 years ~h"re have been changes in the size and age 
composition of the cod populution. Figure 4 shows size composition of landings 
of cod for the 194:!-5l, l'IS6-')7, and 1962-65 periods. In the earlier years, 
1949-51, a group of fish was Leing landed with a peak size at 61 cm. This is 
shown in the top of lh" figure. During 1956-57 the mean size landed was 
particularly high, and as will be shown later, this was a period of accelerated 
growth of these cod. Tile more recent y{,ars are shown in the bottom of the 
figure, with an average for 1962-65. It is apparent that recently the bulk of 
the fish landed are betwe',n 37 arid 70 CM in length, with a usual peak size at 
46 cm. 

Comparable age compositiolls are shown in Fig. 5. For the earlier years 
and during the J'ast-gl <)wtl, ""ri0:i tt", dllrninant age groun was 7-year-olds. 
Also, there >I',)'" fail' flUIIlLu'S of nol) landed that were 10 years of age or 
older, parti~u La dy ill 1 :,1/)-')1. The LLs,;ure shows that during more recent 
years the usua ll,\' dum}"a'il. CJg'c i'ruul. haJ been 6-year-olds. Data fOI 1965 and 
1966 show the "fltell lu 10" I !'f)UOil' ,nantJy 4-year-olds. The number of fish over 
10 years of age in th" 1,,,,,Hng'i buS decrciased rnark"dly. Both Fig. 4 and 5 
were calculate-d on a numh'"l's-of-fish-per-tlip basis for Gloucester-class 
draggers (25-5CJ tOrls). 'j'li~ 111,fllbu's ill brackets in Fig. 4 and 5 giving catch 
Del' trio in Ill.l.tnlJeI'S 1'u(' L.Ip-; t,hl"l_;8 periods provide an interesting comparison of 
the smaller nucnllers 01 fbT, P'~'" Lrip landed from the years in which the fish 
were larger Hjlt"] CJ 1,rj<> I' :lll~: L.,tk l ,:; .. >-;,d~ ,,!luch larger numbers landed in years in 
which the fit;b are sme:d -! e t' ;.n l\l J,)llJ Ig21 • 

The chang" i.e] sj~e c')Inp(j,' il \,,11 ;)1' the catch has affected the numbers of 
fish discarded ,; '. :jeil by l'i"l1~rm,c," Te'ips to SGa by staff of the Biological 
Station have h"lpeci I.e, 1<""1' traLt ,~f the changes in discard practices. Data ,~./ 
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Their numbers have decreased ye81'1y since 1956. Initially high discards were 
partially due to tb, slIIa11 mlsh b',ir,g used by these draggers, but after 1959 
when mesh re"u:1 aU on r.e,calll" ~t,l'ict.ly (nforced, the annual decrease in discards 
continued. This was mi.linl)' eI'H' La a gradual change in acceptable sizes of fish 
at fish plants handling the catch from the 4T cod population. Acceptable si:.;e 
has decreased as the availability of large cod has gone down. Average age 
composition of discards for the years 1949-56 is shown in the bottom panel of 
Table 1. It shows discards to be unde'r age 6 and this has continued to be the 
case in subsequent years. 

Change in availability of fish is reflected in landings-per-unit-8ffor·t 
data in Fig. 6. Long-term data for the Canadian otter-trawl fleet are avaiL\ld" 
since the star~ of dragging by Canadi3ns. The overall trend from 19/.8 to 1)611 
for Canada is a downward one al t,hough a low was reach"d in 1960 and since th"n 
there has been an incr',ase. Catch-per-uni t-p.ffort data for Portugal and Spain 
are also available from lCNAl<' statistics and follow a similar trend from l)i~4 
to 1960 but take a mdrk.3d npswing from that time until 196). This upswing 
arpears to be due to the fact that this fleet now fishes the population only 
when it is denflely concentrated in thE< Cape Br eton ar"a, and this is borne out 
by the total decrease in foreign landings shown in Fig. ). 
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During th" last 15 years ~h"re have been changes in the size and age 
composition of the cod populution. Figure 4 shows size composition of landings 
of cod for the 194:!-5l, l'IS6-')7, and 1962-65 periods. In the earlier years, 
1949-51, a group of fish was Leing landed with a peak size at 61 cm. This is 
shown in the top of lh" figure. During 1956-57 the mean size landed was 
particularly high, and as will be shown later, this was a period of accelerated 
growth of these cod. Tile more recent y{,ars are shown in the bottom of the 
figure, with an average for 1962-65. It is apparent that recently the bulk of 
the fish landed are betwe',n 37 arid 70 CM in length, with a usual peak size at 
46 cm. 

Comparable age compositiolls are shown in Fig. 5. For the earlier years 
and during the J'ast-gl <)wtl, ""ri0:i tt", dllrninant age groun was 7-year-olds. 
Also, there >I',)'" fail' flUIIlLu'S of nol) landed that were 10 years of age or 
older, parti~u La dy ill 1 :,1/)-')1. The LLs,;ure shows that during more recent 
years the usua ll,\' dum}"a'il. CJg'c i'ruul. haJ been 6-year-olds. Data fOI 1965 and 
1966 show the "fltell lu 10" I !'f)UOil' ,nantJy 4-year-olds. The number of fish over 
10 years of age in th" 1,,,,,Hng'i buS decrciased rnark"dly. Both Fig. 4 and 5 
were calculate-d on a numh'"l's-of-fish-per-tlip basis for Gloucester-class 
draggers (25-5CJ tOrls). 'j'li~ 111,fllbu's ill brackets in Fig. 4 and 5 giving catch 
Del' trio in Ill.l.tnlJeI'S 1'u(' L.Ip-; t,hl"l_;8 periods provide an interesting comparison of 
the smaller nucnllers 01 fbT, P'~'" Lrip landed from the years in which the fish 
were larger Hjlt"] CJ 1,rj<> I' :lll~: L.,tk l ,:; .. >-;,d~ ,,!luch larger numbers landed in years in 
which the fit;b are sme:d -! e t' ;.n l\l J,)llJ Ig21 • 

The chang" i.e] sj~e c')Inp(j,' il \,,11 ;)1' the catch has affected the numbers of 
fish discarded ,; '. :jeil by l'i"l1~rm,c," Te'ips to SGa by staff of the Biological 
Station have h"lpeci I.e, 1<""1' traLt ,~f the changes in discard practices. Data ,~./ 
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Their numbers have decreased ye81'1y since 1956. Initially high discards were 
partially due to tb, slIIa11 mlsh b',ir,g used by these draggers, but after 1959 
when mesh re"u:1 aU on r.e,calll" ~t,l'ict.ly (nforced, the annual decrease in discards 
continued. This was mi.linl)' eI'H' La a gradual change in acceptable sizes of fish 
at fish plants handling the catch from the 4T cod population. Acceptable si:.;e 
has decreased as the availability of large cod has gone down. Average age 
composition of discards for the years 1949-56 is shown in the bottom panel of 
Table 1. It shows discards to be unde'r age 6 and this has continued to be the 
case in subsequent years. 

Change in availability of fish is reflected in landings-per-unit-8ffor·t 
data in Fig. 6. Long-term data for the Canadian otter-trawl fleet are avaiL\ld" 
since the star~ of dragging by Canadi3ns. The overall trend from 19/.8 to 1)611 
for Canada is a downward one al t,hough a low was reach"d in 1960 and since th"n 
there has been an incr',ase. Catch-per-uni t-p.ffort data for Portugal and Spain 
are also available from lCNAl<' statistics and follow a similar trend from l)i~4 
to 1960 but take a mdrk.3d npswing from that time until 196). This upswing 
arpears to be due to the fact that this fleet now fishes the population only 
when it is denflely concentrated in thE< Cape Br eton ar"a, and this is borne out 
by the total decrease in foreign landings shown in Fig. ). 
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During th" last 15 years ~h"re have been changes in the size and age 
composition of the cod populution. Figure 4 shows size composition of landings 
of cod for the 194:!-5l, l'IS6-')7, and 1962-65 periods. In the earlier years, 
1949-51, a group of fish was Leing landed with a peak size at 61 cm. This is 
shown in the top of lh" figure. During 1956-57 the mean size landed was 
particularly high, and as will be shown later, this was a period of accelerated 
growth of these cod. Tile more recent y{,ars are shown in the bottom of the 
figure, with an average for 1962-65. It is apparent that recently the bulk of 
the fish landed are betwe',n 37 arid 70 CM in length, with a usual peak size at 
46 cm. 

Comparable age compositiolls are shown in Fig. 5. For the earlier years 
and during the J'ast-gl <)wtl, ""ri0:i tt", dllrninant age groun was 7-year-olds. 
Also, there >I',)'" fail' flUIIlLu'S of nol) landed that were 10 years of age or 
older, parti~u La dy ill 1 :,1/)-')1. The LLs,;ure shows that during more recent 
years the usua ll,\' dum}"a'il. CJg'c i'ruul. haJ been 6-year-olds. Data fOI 1965 and 
1966 show the "fltell lu 10" I !'f)UOil' ,nantJy 4-year-olds. The number of fish over 
10 years of age in th" 1,,,,,Hng'i buS decrciased rnark"dly. Both Fig. 4 and 5 
were calculate-d on a numh'"l's-of-fish-per-tlip basis for Gloucester-class 
draggers (25-5CJ tOrls). 'j'li~ 111,fllbu's ill brackets in Fig. 4 and 5 giving catch 
Del' trio in Ill.l.tnlJeI'S 1'u(' L.Ip-; t,hl"l_;8 periods provide an interesting comparison of 
the smaller nucnllers 01 fbT, P'~'" Lrip landed from the years in which the fish 
were larger Hjlt"] CJ 1,rj<> I' :lll~: L.,tk l ,:; .. >-;,d~ ,,!luch larger numbers landed in years in 
which the fit;b are sme:d -! e t' ;.n l\l J,)llJ Ig21 • 

The chang" i.e] sj~e c')Inp(j,' il \,,11 ;)1' the catch has affected the numbers of 
fish discarded ,; '. :jeil by l'i"l1~rm,c," Te'ips to SGa by staff of the Biological 
Station have h"lpeci I.e, 1<""1' traLt ,~f the changes in discard practices. Data ,~./ 
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Their numbers have decreased ye81'1y since 1956. Initially high discards were 
partially due to tb, slIIa11 mlsh b',ir,g used by these draggers, but after 1959 
when mesh re"u:1 aU on r.e,calll" ~t,l'ict.ly (nforced, the annual decrease in discards 
continued. This was mi.linl)' eI'H' La a gradual change in acceptable sizes of fish 
at fish plants handling the catch from the 4T cod population. Acceptable si:.;e 
has decreased as the availability of large cod has gone down. Average age 
composition of discards for the years 1949-56 is shown in the bottom panel of 
Table 1. It shows discards to be unde'r age 6 and this has continued to be the 
case in subsequent years. 

Change in availability of fish is reflected in landings-per-unit-8ffor·t 
data in Fig. 6. Long-term data for the Canadian otter-trawl fleet are avaiL\ld" 
since the star~ of dragging by Canadi3ns. The overall trend from 19/.8 to 1)611 
for Canada is a downward one al t,hough a low was reach"d in 1960 and since th"n 
there has been an incr',ase. Catch-per-uni t-p.ffort data for Portugal and Spain 
are also available from lCNAl<' statistics and follow a similar trend from l)i~4 
to 1960 but take a mdrk.3d npswing from that time until 196). This upswing 
arpears to be due to the fact that this fleet now fishes the population only 
when it is denflely concentrated in thE< Cape Br eton ar"a, and this is borne out 
by the total decrease in foreign landings shown in Fig. ). 
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During th" last 15 years ~h"re have been changes in the size and age 
composition of the cod populution. Figure 4 shows size composition of landings 
of cod for the 194:!-5l, l'IS6-')7, and 1962-65 periods. In the earlier years, 
1949-51, a group of fish was Leing landed with a peak size at 61 cm. This is 
shown in the top of lh" figure. During 1956-57 the mean size landed was 
particularly high, and as will be shown later, this was a period of accelerated 
growth of these cod. Tile more recent y{,ars are shown in the bottom of the 
figure, with an average for 1962-65. It is apparent that recently the bulk of 
the fish landed are betwe',n 37 arid 70 CM in length, with a usual peak size at 
46 cm. 

Comparable age compositiolls are shown in Fig. 5. For the earlier years 
and during the J'ast-gl <)wtl, ""ri0:i tt", dllrninant age groun was 7-year-olds. 
Also, there >I',)'" fail' flUIIlLu'S of nol) landed that were 10 years of age or 
older, parti~u La dy ill 1 :,1/)-')1. The LLs,;ure shows that during more recent 
years the usua ll,\' dum}"a'il. CJg'c i'ruul. haJ been 6-year-olds. Data fOI 1965 and 
1966 show the "fltell lu 10" I !'f)UOil' ,nantJy 4-year-olds. The number of fish over 
10 years of age in th" 1,,,,,Hng'i buS decrciased rnark"dly. Both Fig. 4 and 5 
were calculate-d on a numh'"l's-of-fish-per-tlip basis for Gloucester-class 
draggers (25-5CJ tOrls). 'j'li~ 111,fllbu's ill brackets in Fig. 4 and 5 giving catch 
Del' trio in Ill.l.tnlJeI'S 1'u(' L.Ip-; t,hl"l_;8 periods provide an interesting comparison of 
the smaller nucnllers 01 fbT, P'~'" Lrip landed from the years in which the fish 
were larger Hjlt"] CJ 1,rj<> I' :lll~: L.,tk l ,:; .. >-;,d~ ,,!luch larger numbers landed in years in 
which the fit;b are sme:d -! e t' ;.n l\l J,)llJ Ig21 • 

The chang" i.e] sj~e c')Inp(j,' il \,,11 ;)1' the catch has affected the numbers of 
fish discarded ,; '. :jeil by l'i"l1~rm,c," Te'ips to SGa by staff of the Biological 
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Their numbers have decreased ye81'1y since 1956. Initially high discards were 
partially due to tb, slIIa11 mlsh b',ir,g used by these draggers, but after 1959 
when mesh re"u:1 aU on r.e,calll" ~t,l'ict.ly (nforced, the annual decrease in discards 
continued. This was mi.linl)' eI'H' La a gradual change in acceptable sizes of fish 
at fish plants handling the catch from the 4T cod population. Acceptable si:.;e 
has decreased as the availability of large cod has gone down. Average age 
composition of discards for the years 1949-56 is shown in the bottom panel of 
Table 1. It shows discards to be unde'r age 6 and this has continued to be the 
case in subsequent years. 

Change in availability of fish is reflected in landings-per-unit-8ffor·t 
data in Fig. 6. Long-term data for the Canadian otter-trawl fleet are avaiL\ld" 
since the star~ of dragging by Canadi3ns. The overall trend from 19/.8 to 1)611 
for Canada is a downward one al t,hough a low was reach"d in 1960 and since th"n 
there has been an incr',ase. Catch-per-uni t-p.ffort data for Portugal and Spain 
are also available from lCNAl<' statistics and follow a similar trend from l)i~4 
to 1960 but take a mdrk.3d npswing from that time until 196). This upswing 
arpears to be due to the fact that this fleet now fishes the population only 
when it is denflely concentrated in thE< Cape Br eton ar"a, and this is borne out 
by the total decrease in foreign landings shown in Fig. ). 
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During th" last 15 years ~h"re have been changes in the size and age 
composition of the cod populution. Figure 4 shows size composition of landings 
of cod for the 194:!-5l, l'IS6-')7, and 1962-65 periods. In the earlier years, 
1949-51, a group of fish was Leing landed with a peak size at 61 cm. This is 
shown in the top of lh" figure. During 1956-57 the mean size landed was 
particularly high, and as will be shown later, this was a period of accelerated 
growth of these cod. Tile more recent y{,ars are shown in the bottom of the 
figure, with an average for 1962-65. It is apparent that recently the bulk of 
the fish landed are betwe',n 37 arid 70 CM in length, with a usual peak size at 
46 cm. 

Comparable age compositiolls are shown in Fig. 5. For the earlier years 
and during the J'ast-gl <)wtl, ""ri0:i tt", dllrninant age groun was 7-year-olds. 
Also, there >I',)'" fail' flUIIlLu'S of nol) landed that were 10 years of age or 
older, parti~u La dy ill 1 :,1/)-')1. The LLs,;ure shows that during more recent 
years the usua ll,\' dum}"a'il. CJg'c i'ruul. haJ been 6-year-olds. Data fOI 1965 and 
1966 show the "fltell lu 10" I !'f)UOil' ,nantJy 4-year-olds. The number of fish over 
10 years of age in th" 1,,,,,Hng'i buS decrciased rnark"dly. Both Fig. 4 and 5 
were calculate-d on a numh'"l's-of-fish-per-tlip basis for Gloucester-class 
draggers (25-5CJ tOrls). 'j'li~ 111,fllbu's ill brackets in Fig. 4 and 5 giving catch 
Del' trio in Ill.l.tnlJeI'S 1'u(' L.Ip-; t,hl"l_;8 periods provide an interesting comparison of 
the smaller nucnllers 01 fbT, P'~'" Lrip landed from the years in which the fish 
were larger Hjlt"] CJ 1,rj<> I' :lll~: L.,tk l ,:; .. >-;,d~ ,,!luch larger numbers landed in years in 
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Their numbers have decreased ye81'1y since 1956. Initially high discards were 
partially due to tb, slIIa11 mlsh b',ir,g used by these draggers, but after 1959 
when mesh re"u:1 aU on r.e,calll" ~t,l'ict.ly (nforced, the annual decrease in discards 
continued. This was mi.linl)' eI'H' La a gradual change in acceptable sizes of fish 
at fish plants handling the catch from the 4T cod population. Acceptable si:.;e 
has decreased as the availability of large cod has gone down. Average age 
composition of discards for the years 1949-56 is shown in the bottom panel of 
Table 1. It shows discards to be unde'r age 6 and this has continued to be the 
case in subsequent years. 

Change in availability of fish is reflected in landings-per-unit-8ffor·t 
data in Fig. 6. Long-term data for the Canadian otter-trawl fleet are avaiL\ld" 
since the star~ of dragging by Canadi3ns. The overall trend from 19/.8 to 1)611 
for Canada is a downward one al t,hough a low was reach"d in 1960 and since th"n 
there has been an incr',ase. Catch-per-uni t-p.ffort data for Portugal and Spain 
are also available from lCNAl<' statistics and follow a similar trend from l)i~4 
to 1960 but take a mdrk.3d npswing from that time until 196). This upswing 
arpears to be due to the fact that this fleet now fishes the population only 
when it is denflely concentrated in thE< Cape Br eton ar"a, and this is borne out 
by the total decrease in foreign landings shown in Fig. ). 
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During th" last 15 years ~h"re have been changes in the size and age 
composition of the cod populution. Figure 4 shows size composition of landings 
of cod for the 194:!-5l, l'IS6-')7, and 1962-65 periods. In the earlier years, 
1949-51, a group of fish was Leing landed with a peak size at 61 cm. This is 
shown in the top of lh" figure. During 1956-57 the mean size landed was 
particularly high, and as will be shown later, this was a period of accelerated 
growth of these cod. Tile more recent y{,ars are shown in the bottom of the 
figure, with an average for 1962-65. It is apparent that recently the bulk of 
the fish landed are betwe',n 37 arid 70 CM in length, with a usual peak size at 
46 cm. 

Comparable age compositiolls are shown in Fig. 5. For the earlier years 
and during the J'ast-gl <)wtl, ""ri0:i tt", dllrninant age groun was 7-year-olds. 
Also, there >I',)'" fail' flUIIlLu'S of nol) landed that were 10 years of age or 
older, parti~u La dy ill 1 :,1/)-')1. The LLs,;ure shows that during more recent 
years the usua ll,\' dum}"a'il. CJg'c i'ruul. haJ been 6-year-olds. Data fOI 1965 and 
1966 show the "fltell lu 10" I !'f)UOil' ,nantJy 4-year-olds. The number of fish over 
10 years of age in th" 1,,,,,Hng'i buS decrciased rnark"dly. Both Fig. 4 and 5 
were calculate-d on a numh'"l's-of-fish-per-tlip basis for Gloucester-class 
draggers (25-5CJ tOrls). 'j'li~ 111,fllbu's ill brackets in Fig. 4 and 5 giving catch 
Del' trio in Ill.l.tnlJeI'S 1'u(' L.Ip-; t,hl"l_;8 periods provide an interesting comparison of 
the smaller nucnllers 01 fbT, P'~'" Lrip landed from the years in which the fish 
were larger Hjlt"] CJ 1,rj<> I' :lll~: L.,tk l ,:; .. >-;,d~ ,,!luch larger numbers landed in years in 
which the fit;b are sme:d -! e t' ;.n l\l J,)llJ Ig21 • 

The chang" i.e] sj~e c')Inp(j,' il \,,11 ;)1' the catch has affected the numbers of 
fish discarded ,; '. :jeil by l'i"l1~rm,c," Te'ips to SGa by staff of the Biological 
Station have h"lpeci I.e, 1<""1' traLt ,~f the changes in discard practices. Data ,~./ 
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The catches per trip for survey cru:'.ses are compared with those for 
commercial vessels in Fig. 7. It is oflnterest to note in Fig. 7 that 
survsys carried out by the st. Andrews Biological Station on an annual basis 
on this ood population wh"n it is in the,Magdalen Shallows area produce 
abundance trends which are very similal' to those taken from commercial otter
trawl landings. The survey is under'taken !;Iaoh fall by a vessel similar in 
size to most of thosa used by the northern New Brunswick ottr;r'-trawl fleot 
and providl'ls II fOI'P.CBst of availability Slid siMS foJ" the following YF.lar. The 
value for 19~7 may be unrealistically high dun 1,0 Ii convllr~ion facto,,' used 
fOl' /lurveys by /I amalleI' hoat dur'ing thn,l. YAM' (AOO Jean, 19611). Howovol', 
trends in availability from 'chebwo SOUl'Clle Sl'fl Vlill'Y similar' from 1958 on. 

As mentioned earlier, II furthel' factor affecting sizes and age of cod 
landings from tho Gulf stock has becm (:hallges in (~l'owth. 'rhis is illustrated 
in Fig. 8 where mean sizes of age gx'oups from 6 to 10 have baen plotted for 
the yeal's 1949-65. ~'he data were taken from oommercial landings. A peak size
at-age is shown in the 1956-$7 pBriocl and has becm mentioned previously; this ~'a6 
due to a marked increase in 1!I'omh. The main 2'eBeon for this increase appeared 
to be a mass herring mortality discussed in an earlier paper (Kohler, 1963). 
More recent age/length data ahow that average size-at-age has been dropping 
steadily since the fast-growth period and the lack of larger fish in the 
landings has made averages for 9- and lO-yeal'-olds less realiable. The figure 
indicates some evidence of levelling off of 6-, '1-, and 8-year olds at their 
present growth, and, although this is not as high a mean langth-at-age as was 
apparent in the 1949-53 period, the sracing of the pOints for the various age 
groups indicates that the rate of gro\\th of commercial size fish is about as 
fast if not faster than in 1949-53. 

Studies carried out during the aforementioned surveys since 1959 have 
indicated some changes in volume and species of food taken by these fish which 
could partially account for growth change. However, details of this analysis 
will be the subject of another paper. In addition, stUdies of average size 
and age at maturity carried out at the same time show fluctuations from year 
to year in these values, with some tendency toward lower values recently. 

Use of data 

In the foregoing section and in the ones that follow, certain statistics 
of the fishery have been used and some explanation of the manipulation of them 
is warranted. The length and age sampling of commercial landings was carried 
out by technicians from the Biological Station. A variety of size categories 
are sorted ·and landed, and these have to be weighted in the samples according 
to the total landings of the size category of that particular gear during the 
year. Data for 1954 commercial landings and some for 1953 were not used in 
this study because of inadequacies in l1eighting except in some time series 
where they were essential and had to be interpolated. Seasonal age and length 
compositions were combined by weighting them according to total landings per 
season to give a yearly frequency to a,rive at an average length composition 
per season. Fish measured for length were then further sampled for age to 
arrive at an age/length key. Application of the age/length key to seasonal 
length frequencies gave us then the age composition of landings per season 
and per year. Table II lists the esti~ated age composition for years from 
1949-65 on a number of fish per trip basis. 

Because of the migration pattern shown in Fig. 1 landings from the Cape 
Breton area had to be included in order to show a picture of the take from the 
total population after otter trawling started (Fig. 3). This was done by 
adding landings for ICNAF Div. 4v for 1952-53, by adding first quarter 4Vn and 
4v (4vs was not included) for 1958-59, and by adding first quarter 4Vn only 
from 1960 on. These were added to all liT annual landings. This last break
down is given for the 1960 onwards period only because prior to that 4Vn was 
not available separately in ICNAF statistics. 

Catch-per-unit-effort data for Canadian otter trawlers were obtained from 
a log and interview system carried out by technicians of the ,Biological Station. 
Most of the Canadian boats fishing the Gulf area and landing in the past years 
in the Maritime Provinces are between 25 and 75 gross tons. Furthermore, the 
pattern of fishing has been fairly similar from year to year. Studies have 
shown that the length of their trips is usually a week and that this varie~ 
little over the course of the fishing season. Since there has been no 
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adding landings for ICNAF Div. 4v for 1952-53, by adding first quarter 4Vn and 
4v (4vs was not included) for 1958-59, and by adding first quarter 4Vn only 
from 1960 on. These were added to all liT annual landings. This last break
down is given for the 1960 onwards period only because prior to that 4Vn was 
not available separately in ICNAF statistics. 

Catch-per-unit-effort data for Canadian otter trawlers were obtained from 
a log and interview system carried out by technicians of the ,Biological Station. 
Most of the Canadian boats fishing the Gulf area and landing in the past years 
in the Maritime Provinces are between 25 and 75 gross tons. Furthermore, the 
pattern of fishing has been fairly similar from year to year. Studies have 
shown that the length of their trips is usually a week and that this varie~ 
little over the course of the fishing season. Since there has been no 
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The catches per trip for survey cru:'.ses are compared with those for 
commercial vessels in Fig. 7. It is of interest to note in Fig. 7 that 
survsys carried out by the st. Andrews Biological Station on an annual basis 
on this ood population wh"n it is in the,Magdalen Shallows area produce 
abundance trends which are very similal' to those taken from commercial otter
trawl landings. The survey is under'taken !;Iaoh fall by a vessel similar in 
size to most of thosa used by the northern New Brunswick ottr;r'-trawl fleot 
and providl'ls II fOI'p.cast of availability Slid siMS foJ" the following YF.lar. The 
value for 19~7 may be unrealistically high dun 1,0 Ii convllr~ion facto,,' used 
fOl' /lurveys by /I amalleI' hoat dur'ing thn,l. YAM' (AOO Jean, 19611). Howovol', 
trends in availability from 'chebwo SOUl'Clle Sl'fl VOI'Y similar from 1958 on. 

As mentioned earlier, II furthel' factor affecting sizes and age of cod 
landings from tho Qulf stock has becm (:hallges in (~l'owth. 'rhis is illustrated 
in Fig. 8 where mean sizes of age gx'oups from 6 to 10 have baen plotted for 
the yeal's 1949-65. ~'he data were taken from oommercial landings. A peak size
at-age is shown in the 1956-$7 pBriocl and has beel1 mentioned previously; this ~'a6 
due to a marked increase in IP'omh. The main 2'BBeon for this increase appeared 
to be a mass herring mortality discussed in an earlier paper (Kohler, 1963). 
More recent age/length data ahow that average size-at-age has been dropping 
steadily since the fast-growth period and the lack of larger fish in the 
landings has made averages for 9- and lO-yeal'-olds less realiable. The figure 
indicates some evidence of levelling off of 6-, '1-, and 8-year olds at their 
present growth, and, although this is not as high a mean length-at-age as was 
apparent in the 1949-53 period, the sracing of the pOints for the various age 
groups indicates that the rate of gro\\th of commercial size fish is about as 
fast if not faster than in 1949-53. 

Studies carried out during the aforementioned surveys since 1959 have 
indicated some changes in volume and species of food taken by these fish which 
could partially account for growth change. However, details of this analysis 
will be the subject of another paper. In addition, stUdies of average size 
and age at maturity carried out at the same time show fluctuations from year 
to year in these values, with some tendency toward lower values recently. 

Use of data 

In the foregoing section and in the ones that follow, certain statistics 
of the fishery have been used and some explanation of the manipulation of them 
is warranted. The length and age sampling of commercial landings was carried 
out by technicians from the Biological Station. A variety of size categories 
are sorted ·and landed, and these have to be weighted in the samples according 
to the total landings of the size category of that particular gear during the 
year. Data for 1954 commercial landings and some for 1953 were not used in 
this study because of inadequacies in l1eighting except in some time series 
where they were essential and had to be interpolated. Seasonal age and length 
compositions were combined by weighting them according to total landings per 
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appreciable change in the average length of time of a trip, we have taken number 
of trips as our measure of effort for the Gloucester-class boats. 

The catch per trip for Gloucester-class boats has been tabulated in Table III, 
column 5. The total la.,dings from the stock .havethen been divided by the catch 
per trip figure for Gloucester-class boats to arrive at an estimated number of 
.trips per year as if all the landings had been made by boats in this class. 
Details of the calculations are shown ir, Table III. 

Mortality rates 

Catches per effort at age (Table II) and estimated total efforts (Table III) 
may be used to calculate mortality rates. For that purpose we put 

i subncl':ipL 1'flferl'ing to age 

j subscript referring to year 

i Cj catch 

f. relative effort 
J , 
q catchabiliLy coeffici<mt 

M illstalltaneous naLu"al mortality rate 

Fj instantaneous fishing mortality rate 

i Z j total instantaneous mortality rate 

Making the customary assumpl,iotls that the instantaneous fishing mortality 
rate is proportional to eff01·1:., i.e., 

F j = qf j 

and that the natural mortality ·rate is constant, we may put (Paloheimo, 1961) 

. C./f. 
(1) 'Z' = log l J J = q(~) (f .+f '+1) + M 

l J i+l Gj +l /f;j+l J J . 

Table IV gives the value)s oj" 1.oLal ·morLality rates ~Z j for pairs of age 
groups 6/7, 7/8, 8/9, and 9/10 as well as the mean efforts ~(fj+fj+l) = f

j
• 

To determine whether Lhe instant mortality rate is depimdent on effort f j 
as suggested by equation (1), a covariance analysis has been carried out on 
values given in Table IV. The results are exhibited in Table V. The table 
shows that the regression of . Z. on f .. is not significant for any of the pairs 
of age groups, and, in fact, th~ valu~ of the regression coefficient, q in 
equation (1), has a negative sign for afes 7/6 although it is not significantly 
different from zero. . ' 

To confirm the results of the covariance analysis the data in Table III 
were divided into three groups: the earlier years from 1949-52 when total 
fishing effort was less than three"thc,·USIl:1d unitts; the transitory period 
1954-55; and the later years fvom1956-65 when the effort was mostly above 
six thousand units. Mortality data pertaining to the first and third groups 
were then subjected to analysis of variance to see if data would indi~ate anY 
significance between the two groups, one· representing a period of low and the 
other a period of high fishing effort. The results are shown in the bottom 
panel of Table VI and do not show staLioUcally significant differences betw""', 
the mortal:i,ty rates betwGen the two pGriods. 

Although statistically not different, the mean values Z = 0.J2 and Z = 0.<;1 
for 19[19-52 and 1?5.S-65 differ appreciably. Using these average values of Z 
and mean effort figures for the same per:j.od in equation (1) we get 

0.3;' }l+q 2809 
0.51 M+q 6799 

Solving the above for q alHl M \,8 get M 0.19 and q .000048 and hence 
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appreciable change in the average length of time of a trip, we have taken number 
of trips as our measure of effort for the Gloucester-class boats. 

The catch per trip for Gloucester-class boats has been tabulated in Table III, 
column 5. The total la.,dings from the stock ,have then been divided by the catch 
per trip figure for Gloucester-class boats to arrive at an estimated number of 
,trips per year as if all the landings had been made by boats in this class. 
Details of the calculations are shown ir, Table III. 

Mortality rates 

Catches per effort at age (Table II) and estimated total efforts (Table III) 
may be used to calculate mortality rates. For that purpose we put 
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Table IV gives the value)s oj" toLal 'mortality rates ~Zj for pairs of age 
groups 6/7, 7/8, 8/9, and 9/10 as well as the mean efforts ~(fj+fj+l) = f

j
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To determine whether the instant mortality rate is depimdent on effort f j 
as suggested by equation (1), a covariance analysis has been carried ont on 
values given in Table IV. The results are exhibited in Table V. The table 
shows that the regression of . Z. on f " is not significant for any of the pairs 
of age groups, and, in fact, th~ valu~ of the regression coefficient, q in 
equation (1), has a negative sign for afes 7/6 although it is not significantly 
different from zero. . ' 

To confirm the results of the covariance analysis the data in Table III 
were divided into three groups: the earlier years from 1949-52 when total 
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1954-55; and the later years fvom1956-65 when the effort was mostly above 
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were then subjected to analysis of variance to see if data would indic,ate any 
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other a period of high fishing effort. The results are shown in the bottom 
panel of Table VI and do not show stat:iotically significant differences betw"e" 
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F = 0.13 ( = qf) for 1949-<)2 alld F = 0.32 for 1~51;-6S. These values for fishing 
mortality rate are somewhat too low to be consistent with the appreciable 
differences in the age and length compositions observed since the introduction 
of trawl fishing. 

Estimates. of total mortality rates by use of equation (1) and Table IV may 
be contrasted with the estimates of total mortality rates from the catch curve. 
By calculating an average number of fish caught per trip at age for the periods 
1949-52 and 1955-65 and estimating the :werage decline of the abundance at age, 
we get the estimates of the total morta:_ity shown at the bottom of Table V. 
The estimates are obtained from the slope of line giving best fit to logarithms 
of the average catches per trip at age, 

While the total mortality figure 1: based on a catch curve are rather 
unrealiablw since they reflect not only the mortality rate but also any trend 
or fluctuation in the recruitment, yet the contrast between the two sets of 
mortality figures, one showing a marked influence of fishing on the stock and 
the other a less evident effect, calls for an explanation. 

Returning to mortality estimates based on catch and effort data, we recall 
the analysis of Varia!lCe of total mortality rates shown in Table VI. While the 
covariance analysis failed to show a significant regression of total mortality 
on effort, yet the analysis of variance indicates significant differences betw'3en 
years. We thus conclude that there are year-to-year variations in the catch
ability, q, or natural mortality, M, which are greater than trends in the total 

.mortality due to increased fishing. 

Table VI also shows that there are significant differences between pairs of 
age groups in the total apparent mortality rate. This could be attributable 
either to changes in q or M with age. Assuming different q and M at each age, 
equation (1) now takes the following form: 

(2) iZj = log 4/qi+l + tqifj + !qi+lfj+l + !(Mi+~+l)' 

Summing (2) over all years i and putting approximately 

we get 
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The last two terms represent the average mortality at ages i and i+l and the 
first term, log qi/qi+l represents Ii bias in the estimate. 

If the catchability is increasing with age, i.e., if q. qi+l as suggested 
by figures in Table IV, then the bias term log qi/qt+l take§ a negative value 
and we thus get an underestimate of the. mean mortalJ.ty rate for tue age groups. 
This could account for some of the d:ifferellces in the mortality estimates based 
on catch-effort on one hand and catch-curve on the other. 

~ t • 

Since our studies have indicated that the catch-ability coefficient q and 
possibly the natural mortality rate M, change both with age of fish and year, a 
more specific model than equation (1) 'incorporating these changes was developed. 
Let 

a, = relative catchability of the ith age group 

q. c catchability in the year j 
.J 

where we may take, say a9 c 1 as a base line, then equation (1). may be written as 

(3) iZj = log a.q./a. lq· 1 + M + !aiq·f j + !a. lqj If. l' J. J J.+ J+ J - J.+ + J+ 

The parameters ai' q.i' and M in (3) could be estimated by first obtaining approximate 
values for them and then calculating least squares corrections for the initial 
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The estimates are obtained from the slope of line giving best fit to logarithms 
of the average catches per trip at age, 

While the total mortality figure 1: based on a catch curve are rather 
unrealiablw since they reflect not only the mortality rate but also any trend 
or fluctuation in the recruitment, yet the contrast between the two sets of 
mortality figures, one showing a marked influence of fishing on the stock and 
the other a less evident effect, calls for an explanation. 

Returning to mortality estimates based on catch and effort data, we recall 
the analysis of Varia!lCe of total mortality rates shown in Table VI. While the 
covariance analysis failed to show a significant regression of total mortality 
on effort, yet the analysis of variance indicates significant differences betw'3en 
years. We thus conclude that there are year-to-year variations in the catch
ability, q, or natural mortality, M, which are greater than trends in the total 

.mortality due to increased fishing. 

Table VI also shows that there are significant differences between pairs of 
age groups in the total apparent mortality rate. This could be attributable 
either to changes in q or M with age. Assuming different q and M at each age, 
equation (1) now takes the following form: 

(2) = 

Summing (2) over all years i and putting approximately 

we get 

1 l:,ZJ' 
n-l J. 

n-l 
.L f j+l 
1 

The last two terms represent the average mortality at ages i and i+l and the 
first term, log qi/qi+l represents Ii bias in the estimate. 

If the catchability is increasing with age, i.e., if q. q'+l as suggested 
by figures in Table IV, then the bias term log qi/qt+l take§ a n§gative value 
and we thus get an underestimate of the, mean mortalJ.ty rate for tue age groups. 
This could account for some of the d:ifferellces in the mortality estimates based 
on catch-effort on one hand and catch-curve on the other. 

~ t • 

Since our studies have indicated that the catch-ability coefficient q and 
possibly the natural mortality rate M, change both with age of fish and year, a 
more specific model than equation (1) 'incorporating these changes was developed. 
Let 

= relative catchability of the ith age group 

q. = catchability in the year j 
.J 

where we may take, say a9 = 1 as a base line, then equation (1), may be written as 

(3) iZj = log aiq/ai+lqj+l + M + !ai
q/ j + !ai+lqj+lfj+l' 

The parameters ai' q.i' and M in (3) could be estimated by first obtaining approximate 
values for them and then calculating least squares corrections for the initial 

.... ... /6 

C6 

- ) -

F = 0.13 ( = qf) for 1949-<)2 alld F = 0.32 for 1~51;-6S. These values for fishing 
mortality rate are somewhat too low to be consistent, with the appreciable 
differences in the age and length compositions observed since the introduction 
of trawl fishing. 

Estimates of total mortality rates by use of equation (1) and Table IV may 
be contrasted with the estimates of total mortality rates from the catch curve. 
By calculating an average number of fish caught per trip at age for the periods 
1949-52 and 1955-65 and estimating the :werage decline of the abundance at age, 
we get the estimates of the total mOrta~_ity shown at the bottom of Table V. 
The estimates are obtained from the slope of line giving best fit to logarithms 
of the average catches per trip at age, 

While the total mortality figure 1: based on a catch curve are rather 
unrealiablw since they reflect not only the mortality rate but also any trend 
or fluctuation in the recruitment, yet the contrast between the two sets of 
mortality figures, one showing a marked influence of fishing on the stock and 
the other a less evident effect, calls for an explanation. 

Returning to mortality estimates based on catch and effort data, we recall 
the analysis of Varia!lCe of total mortality rates shown in Table VI. While the 
covariance analysis failed to show a significant regression of total mortality 
on effort, yet the analysis of variance indicates significant differences betw'3en 
years. We thus conclude that there are year-to-year variations in the catch
ability, q, or natural mortality, M, which are greater than trends in the total 

.mortality due to increased fishing. 

Table VI also shows that there are significant differences between pairs of 
age groups in the total apparent mortality rate. This could be attributable 
either to changes in q or M with age. Assuming different q and M at each age, 
equation (1) now takes the following form: 

(2) = 

Summing (2) over all years i and putting approximately 

we get 

1 l:,ZJ' 
n-l J. 

n-l 
.L f j+l 
1 

The last two terms represent the average mortality at ages i and i+l and the 
first term, log qi/qi+l represents Ii bias in the estimate. 

If the catchability is increasing with age, i.e., if q. q'+l as suggested 
by figures in Table IV, then the bias term log qi/qt+l take§ a n§gative value 
and we thus get an underestimate of the, mean mortalJ.ty rate for tue age groups. 
This could account for some of the d:ifferellces in the mortality estimates based 
on catch-effort on one hand and catch-curve on the other. 

~ t • 

Since our studies have indicated that the catch-ability coefficient q and 
possibly the natural mortality rate M, change both with age of fish and year, a 
more specific model than equation (1) 'incorporating these changes was developed. 
Let 

= relative catchability of the ith age group 

q. = catchability in the year j 
.J 
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F = 0.13 ( = qf) for 1949-<)2 alld F = 0.32 for 1~51;-6S. These values for fishing 
mortality rate are somewhat too low to be consistent, with the appreciable 
differences in the age and length compositions observed since the introduction 
of trawl fishing. 

Estimates of total mortality rates by use of equation (1) and Table IV may 
be contrasted with the estimates of total mortality rates from the catch curve. 
By calculating an average number of fish caught per trip at age for the periods 
1949-52 and 1955-65 and estimating the :werage decline of the abundance at age, 
we get the estimates of the total mOrta~_ity shown at the bottom of Table V. 
The estimates are obtained from the slope of line giving best fit to logarithms 
of the average catches per trip at age, 

While the total mortality figure 1: based on a catch curve are rather 
unrealiablw since they reflect not only the mortality rate but also any trend 
or fluctuation in the recruitment, yet the contrast between the two sets of 
mortality figures, one showing a marked influence of fishing on the stock and 
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on effort, yet the analysis of variance indicates significant differences betw'3en 
years. We thus conclude that there are year-to-year variations in the catch
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age groups in the total apparent mortality rate. This could be attributable 
either to changes in q or M with age. Assuming different q and M at each age, 
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estimates by linearizing equation (3) for the corrections. To obtain meaningf'cU 
values it would be essential that most ~orrelation coefficients between, say, 
iZj and kZj over years j, and iZj and iZe over ages i are significant. Some 
sample values are listed below. The listed values of the correlation coefficient 
fluctuate widely; hence no further attempts to arrive at specific values of 
q and M were made. 

Correlation coefficients between years and ages: Between years: 
and 50-51 marked as 1950, etc. 

1950 51 

I' = .80 -.88 

Between ages: 

I' 

52 53 

.14 -.79 

7/6 & 8/7 

.60 

54 

.22 

55 

.41 

56 57 

.94 .94 

8/7 & 9/8 

,,57 

58 59 

.91 .26 

60 61 

.l12 .48 

9/8 & 10/9 

.18 

62 

-.80 

Years 1949-50 

63 64 

.16 .22 

It is rather surprising that the effect of a twofold increase in effort 
cannot be demonstrated in our mortality estimates. While the 'samplih~ error is 
probably quite large, one suspects that it does not account for all the variability 
in the data. We expect in fact that as an important addition to sampling error, 
our failure to estimate the components of the total mortality arises from 
deviations from the basic equations (1) or (3) and possibly also from compensation, 
by the fish stock to changes in the amount of fishing effort. These are examined 
in more detail in the next sections. 

Changes in fish stock 

Recruitment 

The increased fishing on the Gulf of St. Lawrence cod stock has resulted in 
increased landings and apparently in concommittant changes in ages and lengths 
landed. Such changes in ages and lengths landed are expected on the basis of 
catch-per-recruit models. However, there have been other changes in this fish 
population which are not so readily predictable. 

In Fig. 9 we have plotted the catch per trip of 6- and 7-year-old cod. The 
figures given are three-year running averages with mid points ranging from 1950-64. 
Regarding the catch per unit of effort of 6-year-olds as indicative of their 
abundance, Fig. 9 suggests that recruitment to the fishery at age 6 has increased 
since about 1959, that is, that 1953+ year-classes have in general been more 
abundant than year-classes prior to 1953. 

The abundance of a year-class at age 6 not only reflects the initial 
abundance of the year-class but also tQe amount of fish taken from it at earlier 
ages. Since prior to the introduction of a larger mesh size in 1957-58 more 
fish were presumably taken at younger ages and discarded than after the change, 
the trend in the recruitment observed in Fig. 9 might be an artifact or at least 
somewhat exaggerated. Because of lack of information on the mortality rates at 
younger ages, we cannot estimate the effect of removal of younger fish by the 
fishery on the abundance figures at age 6. However, to som'! degree the effect 
would be minimized if we calculate the average catch per trip at ages ii, 5, aud 6, 
and average them for each year-class. ,This has been do"" by using discard 
information for 1956, increasing the figures giving the numbers at each age 
landed proportionately, dividing them 'by numbers of effort units, and totalling 
the resulting figures by year-classes. 

The average catches per trip for combined ages 4, 5, and 6 by year-classes 
have been plotted in Fig. 9 as well. 

Each line in Fig. 9 demonstrates an upward trend in recruitment. Since the 
graphs are based on average catch-per-effort figures, we expect the.actual upward 
trend to be even greater than shown in the figure; that is, to relate catch-per
effort figures to the abundance the figures should be multiplied by a factor 
iZj/(l-exp-iZj)' This multiplier increases with the fishing mortality or effort. 
Hence application of this correction would make the upward trend even more 
pronow1ced than shown in Fig. 9. 
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It is rather surprising that the effect of a twofold increase in effort 
cannot be demonstrated in our mortality estimates. While the 'samplih~ error is 
probably quite large, one suspects that it does not account for all the variability 
in the data. We expect in fact that as an important addition to sampling error, 
our failure to estimate the components of the total mortality arises from 
deviations from the basic equations (1) or (3) and possibly also from compensation, 
by the fish stock to changes in the amount of fishing effort. These are examined 
in more detail in the next sections. 

Changes in fish stock 

Recruitment 

The increased fishing on the Gulf of St. Lawrence cod stock has resulted in 
increased landings and apparently in concommittant changes in ages and lengths 
landed. Such changes in ages and lengths landed are expected on the basis of 
catch-per-recruit models. However, there have been other changes in this fish 
population which are not so readily predictable. 

In Fig. 9 we have plot ted the catch per trip of 6- and 7 -year-old cod. The 
figures given are three-year running averages with mid points ranging from 1950-64. 
Regarding the catch per unit of effort of 6-year-olds as indicative of their 
abundance, Fig. 9 suggests that recruitment to the fishery at age 6 has increased 
since about 1959, that is, that 1953+ year-classes have in general been more 
abundant than year-classes prior to 1953. 

The abundance of a year-class at age 6 not only reflects the initial 
abundance of the year-class but also tQe amount of fish taken from it at earlier 
ages. Since prior to the introduction of a larger mesh size in 1957-58 more 
fish were presumably taken at younger ages and discarded than after the change, 
the trend in the recruitment observed in Fig. 9 might be an artifact or at least 
somewhat exaggerated. Because of lack of information on the mortality rates at 
younger ages, we cannot estimate the effect of removal of younger fish by the 
fishery on the abundance figures at age 6. However, to som'! degree the effect 
would be minimized if we calculate the average catch per trip at ages ii, 5, aud 6, 
and average them for each year-class. ,This has been do"" by using discard 
information for 1956, increasing the figures giving the numbers at each age 
landed proportionately, dividing them 'by numbers of effort units, and totalling 
the resulting figures by year-classes. 

The average catches per trip for combined ages 4, 5, and 6 by year-classes 
have been plotted in Fig. 9 as well. 

Each line in Fig. 9 demonstrates an upward trend in recruitment. Since the 
graphs are based on average catch-per-effort figures, we expect the.actual upward 
trend to be even greater than shown in the figure; that is, to relate catch-per
effort figures to the abundance the figures should be multiplied by a factor 
iZj/(l-exp-.z.). This multiplier increases with the fishing mortality or effort. 
Hence appli~ation of this correction would make the upward trend even more 
pronow1ced than shown in Fig. 9. 
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Since the catch-per-effort figures are subject to year-to-year variations 
in catchability and to sampling errors, we have also calculated virtual population 
size estimates following the method of Paloheimo (1958). This method assumes 
that we know the catches and both fishing and natural mortalities. The method 
is simple and based on the catch equation written in the following form: 

F·+M 
--=-.L..:..: C. 

F. J 
J 

li"j-Nj +l 

where Nj' N.+
l 

is the population size of a year-class at the beginning of the 
year j, j+l~ and Cj is the catch from it. Hence by adding up all the annual 
catches multiplied by the correction factor from a year-class at and after age 6 
we thus arrive at the estimated population size at the beginning of age 6. The 
correction factor with which catches are to be multiplied is the inverse of the 
fraction the fishing mortality is of the total. 

The virtual population estimates have been calculated using M = 0.17 and 
q = 0.000048. Table VII gives the values of the population size estimates ald 
the three-year running averages have been plotted in Fig. 10. They confirm 
the general upward trend in the recruitment. We note that the last value for 
1961 given in Table VII is· based on catches of fish between ages 6-10 only; 
however as shown in the 4th C01Urul age groups older than 10 contribute very 
little to the estimate. 

For the 1949-55 year-classes we may also plot estimated "virtual population" 
abundance against the estimated ab'mdance of their parental stock, the latter. 
being simply the catch-per-effort figure in weight of mature fish landed. This 
results in a stock recruitment relationship shown in Fig. 11. While it is ba~ed 
on data for a few years only the plot :en Fig. 11 supports our conclusion based 
on Fig. 10 suggesting that recruitment has gone up or that at the past levels 
of fish stocks in the Gulf there is an inverse relationship between the size 
of the stock and its filial population. 

Growth and production 

In assessing the production from.a stock of fish the rate of growth is of 
primary importance. In Table VIII we have given the estimated average weights 
of cod at age for the years 1949-52 and 1955-65. From these figures average 
growth rates may be obtained. These have been calculated for age zero to age 
six and between ages 6 to 10 for each year-class. The average growth up to 
age 6 has been calculated by taking the natural logarithm of the weight of f~sh 
at age 6 and dividing the logarithm by 6. The average growth between ages 6 
to 10 is calculated from 

.en W9 +,(n WIO -_Cn W6 -~n W
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where~n W9 is the natural logarithm of the average weight at age 9. This mEthod 
of averaging gives the average exponential rate of growth per year. It amounts 
to the same as plotting the log weights against age and then calculating the 
slope of the line of best fit to the points; the fitting of the line to arrive 
at the slope is termed non-parametric (Madansky, 1959). 

The resulting average growth rates have been plotted against estimated 
population densities in Fig. 12 and 13. All points given are three-year 
running averages. As the index of the population density, the catch per effort 
in weight at age 6 and at ages 6 to 16 has been used in comparison with rates 
of growth up to age 6 and rates of growth between ages 6 to 10 respectively. 

Both Fig. 12 and 13 suggest an inverse relationship between rate of growth 
and density of stock. The correlation coeffiuiF.mts are r ~ -.623 and r = -.558. 
At 9 degrees of freedom the 5% significance point is at r ~ + .602; that is, 
one of th'l correlation coefficients is significant, the other just below the 
significance level. 

It is of interest that the growth rates up to age 6 and between ages 6 to 10 
are not necessarily correlated. This is in keeping with the suggested inverse 
dependence of growth on the population density; that is, at the high level of 
recruitment observed in the few recent years, the growth up to age 6 has been 
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Since the catch-per-effort figures are subject to year-to-year variations 
in catchability and to sampling errors, we have also calculated virtual population 
size estimates following the method of Paloheimo (1958). This method assumes 
that we know the catches and both fishing and natural mortalities. The method 
is simple and based on the catch equation written in the following form: 

where N., N. 1 is the population size of a year-class at the beginning of the 
. J J~ year J, j~l, and Cj is the catch from it. Hence by adding up all the annual 

catches multiplied by the correction factor from a year-class at and after age 6 
we thus arrive at the estimated population size at the beginning of age 6. The 
correction factor with which catches are to be multiplied is the inverse of the 
fraction the fishing mortality is of the total. 

The virtual population estimates have been calculated using M = 0.17 and 
q = 0.000048. Table VII gives the values of the population size estimates ald 
the three-year running averages have been plotted in Fig. 10. They confirm 
the general upward trend in the recruitment. We note that the last value for 
1961 given in Table VII is' based on catches of fish between ages 6-10 only; 
however as shown in the 4th column age groups older than 10 contribute very 
little to the estimate. 

For the 1949-55 year-classes we may also plot estimated "virtual population" 
abundance against the estimated ab'mdance of their parental stock, the latter. 
being simply the catch-per-effort figure in weight of mature fish landed. This 
results in a stock recruitment relationship shown in Fig. 11. While it is ba~ed 
on data for a few years only the plot :en Fig. 11 supports our conclusion based 
on Fig. 10 suggesting that recruitment has gone up or that at the past levels 
of fish stocks in the Gulf there is an inverse relationship between the size 
of the stock and its filial population. 

Growth and production 

In assessing the production from,a stock of fish the rate of growth is of 
primary importance. In Table VIII we have given the estimated average weights 
of cod at age for the years 1949-52 and 1955-65. From these figures average 
growth rates may be obtained. These have been calculated for age zero to age 
six and between ages 6to 10 for each year-class. The average growth up to 
age 6 has been calculated by taking the natural logarithm of the weight of f~sh 
at age 6 and dividing the logarithm by 6. The average growth between ages 6 
to 10 is calculated from 
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slow. After age 6 fish have been subject to intensive fishing which has 
reduced the population density and resulted in faster rates of growth. This 
suggests at least a partial independence of trophic or other population 
interraction between large and small fish. 

To assess the effects of changes in rate of growth and recruitment on the 
yield from the stock and on its production, we have calculated the biomass 
elaborated by the stock. Had there been no changes in these parameters, the 
biomass elaborated by the stock, or wha.t is termed production from the stock, 
should be reduced proportionately with the reduction in the population size by 
the fishery. Our calculations show, however, that the production has in fact 
increased. 

The production has been estimated ty multiplying the catch per effort in 
numbers at age for ages 6 and up each year by the estimated rate of growth 
(in weight at age) from that year to the next. The three-year running averages 
of the resulting estimates are shown pe]ow in Tablo 9. 

Table 9. Three year running averages of the relative biomass elaborated 
(i.e. production) per year 

Mid point 

1950 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 

Production,relative increase 
in weight 

2450 
3382 
2793 
2830 
3177 
3285 
2631 
3998 
4110 

The above production figures show tha t the combined effect of changes in growth 
and recruitment have resulted in an increase in the production of the area. 

Discussion 

The foregoing stUdies may be reviewed in the light of the ICNAF Mesh 
Assessment Report published in 1962 (Be'verton et a1., 1962). This report 
evaluated changes expected in the yield from fish stocks in the ICNAF area and 
in the Gulf of St. Lawrence cod stock in particular with reference to change in 
mesh size from the existing 4l inches to 4 or to 5, 5! and 6 inches. Minor 
benefits varying between 1 and 3% were 'predicted by an increase in mesh size while 
a small loss of about 6% was predicted if the mesh size were to be reduced to 
4 inches. These predicted changes were based on calculations which assumed that 
a change in mesh size will not have an;r effect on the recruitment, growth, or 
natural mortality rate. 

I 

In the Gulf of st. Lawrence cod fishery the mesh size was changed in 1957. 
Just prior to that there had been an iIlcrease in the level of· fishing effort due 
to a gradual build-up in the Canadian fleet and in fishing of the stock by 
European countries beginning about 1952. An increase in the mesh size has a 
tendency to reduce the effect of fishing on the stock by delaying the average 
age of first capture. In a sense, it is comparable to a reduction in the fishing 
effort on fish near the average age of first capture. This effect of th8 increase 
in the mesh siz,e was more. than counterbalanced by increases in the fishing effort. 
In fact, even the average age at first; capture in the landings S8ems to have 
declined. Henc" the pr[]riominant featul'0 of tile fishery since 191~'( has be'", a 
steadily increased fishing at earlier ages notwithstanding the mrjsh siz" increa3Q. 

In reviewing the earlier assessment, it is important to compar" the actual 
population changes with the premise on which that assessment was based, i.e. fixed 
rates of recruitment, growth and natural mortality. No new data are available on 
natural mortality rate. 

There is little doubt that the recruitment has bec.m progressively higher ill 
the more recent years and is generally higher than in the earlier years. Fig. 11 
suggests in fact that the higher population densities in the earlier years 1949-)3 
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In fact, even the average age at first; capture in the landings S8ems to have 
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may have had a depressing effect on the recruitment and that the increased 
recruitment in recent years may have been related to the reduction of the cod 
stock, concurrent with and apparently resulting from the increased fishing. 
There has also been a gradual cooling of the average water temperature during 
mach of this same period which might 'in turn be expected to contribute to increase 
in cod production (Martin & Kohler, 196~~). However, the hydrographic change has 
been slight and does not appear to be related directly to the growth rate changes 
which are known to have been responsive to food abundance changes. It is 
reasonable to suppose that at least pari. of this recruitment effect may similarly 
have resulted from food and population density interactions and thus be related 
to the fishery effects. 

In general, it is expected tha t, a lower population density would give riSE' 
to increased growth and vice versa. Our observations of the Gulf cod stock 
appear to confirm this. A higher rate of' recruitment in the recent years seems 
to have resulted in a lower rate of growth up to age 6 while the increased fishing 
and concommittant lower population densities at fishable sizes seems to have 
resulted in an accelerated rate of growth of older fishes sustaining the fishery 
Le. between ages 6 to 10. The overall effect of these changes appears to havo 
led to an increased production and yield from the stock. 

We can only speculate on the reasons for the recruitment changes and its 
implications for management of the 4T cod stock. It is not without importance 
to note two features. First, the large fish which formerly sustained the fishery 
were to a large extent fish (herring) ~eeders. These have now been virtually 
eliminated from the population, at no apparent sacrifice to overall yield. The 
second feature about food relations is chat the large cod diet also consisted of 
SUbstantial amounts of the same crustacean food which is the prinCipal food of 
the smaller fish. Paloheimo & Dickie (1965) suggested that small fish are more 
efficient grazers of food and use it r,1Qre efficiently for growth as well. It is 
tempting to speculate that the population response, resulting in larger total 
production & yields has been partly a result of the sharp decrease in the average 
fish sizes, due to fishing, involving changes in the utilization of the basic 
food supply. 

In conclusion we may state w1eguivocally that the benefits of past and future 
mesh increases, predicted by the yield per recruit calculations, could not have 
been realized if the growth responses and recruitment changes observed in the 4T 
cod stock had also occurred. As noted earJier, the predominant feature of this 
fishery has been increased fishing and an effective drop in age at first capture. 
In such a situation the yield-per-recru:Lt model suggests a possible decline in 
p~oductivity. In fact productivity of the stock appears to have increased, 
attributable in large part to an increased recruitment. But concurrent with 
changes in recruitment and in fishing there were also changes in rates of growth 
possibly related to abundance and food interractions. These other changes were 
such that had the recruitment been stable their effects would still have resuL:.ed 
in increased production per recruit for increased fishing and effective lowering 
of the age of first capture. These trends are apposite to those predicted by the 
model. Our study therefore suggests the increase in the mesh size in 'the Gulf. 
fishery effected in 1957 was justified 9nly on account of the elimination of the 
high discards of smaller cod. It cannot be justified on biological grounds nor on 
the basis of a simple "savings effect". 

Were the compensatory changes observed in the Gulf cod stock a result of the 
fishery effects, as we suggest here, a~ future increase in the mesh size would 
tend to lead to lowering of the production from the stock and to losses for the 
fishery. On the other hand whether an actual decrease in the mesh size or an 
increase in the effective effort could give even large compensatory production 
changes favourable to the fishery cannot be well established without further 
research. The implications of such a possibility are, however, of sufficient 
general importance to suggest that such study should be an important feature of 
any future research program. 
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Table IV. Estimated mortality rates at age and mean efforts 

Mo "tali t)r at age 

7/6 7/8 8/9 9/10 Mean 
Year Relati'Te 

xl x x3 x
4 

Effort 
2 

1949-50 + .1757 - .8209 - .1347 - .5727 2949 
50-51 - .2268 - .5225 - .2869 - .7403 2769 
51-52 - .4573 + .0048 - .2692 - .0212 2708 
52-53 - .6235 - .5605 - .4004 - .5310 4200 
53-54 + .1458 - .5024 -1.2379 + .3088 5629 
54-55 - .8096 - .9707 - .5413 - .2194 6007 
55-56 + .2611 + .0184 + .2438 - .1064 7233 
56-57 + .0928 - .31-124 - .1720 - .7074 7312 
57-58 - .0693 - .3886 - .6367 -1.1647 747';. 
58-59 + .1112 - .1603 - .6275 - .4568 7307 
59-60 -1.1147 -1.6095 -1.2837 -1.4398 7624 
60-61 - .0090 - .5726 -1.0051 - .6387 7902 
61-62 - .4861 - .9088 - .7424 - .1~893 6180 
62-63 - .4732 - .1531 - .4232 - .9365 5595 
63-64 - .4976 - .6180 - .6033 - .6311 5608 
64-65 - .3369 - .3638 - .5126 - .3355 5750 

Table V. Analysis of covariance of mortalities against mean fishing efforts 

Data from Table IV 

Mortality Cross EUort Regression 
Age sum of product sum of coefficient 

squares squares q 

7/6 2.34970 + 7.96926 4688.6828 - .001699 
8/7 2.54741 -13.01654 h688.6828 + .002776 
9/8 2.h0373 -39.028h3 4688.6828 + .008324 

10/9 2.77592 -32.95006 4688.6828 + .007027 
10/6 . 1. 4197h -19.25932 4688.6828 + .004108 

Mean total mortality rates: 1949-51 
Based on Table IV 

Z = .39 
Age 6-10 1949-52 

1955-65 
1962-65 

Z = .32 
Z = .51 

Sum of 
squares Residual 
due to sum of 

regression squares 

.005881 1.014581 

.015692 1.090633 

.lhl086 .902839 

.100563 1.105004 

.034359 .582228 

Based on catch curve 
Z = .12 
Z = .12 
Z = .59 
Z = .67 

Table VI. Analysis of variance of mortality rates given in Table IV. 

Total 
Years 
Ages 
Within 

Years 
Total 

Between 
1949-52 
1955-65 

Within 

Sum 
of 

squares 

8.884 
5.466 
1.095 
2.323 

5.466 

.315 

5.151 

1£ significance at 5% 

d.,f. 

51 
12 

3 
36, 

12 

1 

11 

C 14 

Mean 
sum of 
squares 

.h55 

.365 

.065 

.315 

.468 

F 

7.001£ 
5.62 1£ 

.67 

•..•.. /14 
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50-51 - .2268 - .5225 - .2869 - .7403 2769 
51-52 - .4573 + .0048 - .2692 - .0212 2708 
52-53 - .6235 - .5605 - .4004 - .5310 4200 
53-54 + .1458 - .5024 -1.2379 + .3088 5629 
54-55 .8096 - .9707 - .5413 - .2194 6007 
55-56 + .2611 + .0184 + .2438 - .1064 7233 
56-57 + .0928 - .31-124 - .1720 - .7074 7312 
57-58 - .0693 - .3886 - .6367 -1.1647 747';. 
58-59 + .1112 - .1603 - .6275 - .4568 7307 
59-60 -1.1147 -1.6095 -1.2837 -1.4398 7624 
60-61 .0090 - .5726 -1.0051 - .6387 7902 
61-62 .4861 - .9088 - .7424 - .1~893 6180 
62-63 .4732 - .1531 - .4232 - .9365 5595 
63-64 - .4976 - .6180 - .6033 - .6311 5608 
64-65 .3369 - .3638 - .5126 - .3355 5750 

Table V. Analysis of covariance of mortalities against mean fishing efforts 

Data from Table IV 

Mortality Cross EUort Regression 
Age sum of product sum of coefficient 

squares squares q 

7/6 2.34970 + 7.96926 4688.6828 - .001699 
8/7 2.54741 -13.01654 h688.6828 + .002776 
9/8 2.h0373 -39.028h3 4688.6828 + .008324 

10/9 2.77592 -32.95006 4688.6828 + .007027 
10/6 .1.4197h -19.25932 4688.6828 + .004108 

Mean total mortality rates: 1949-51 
Based on Table IV 

Z = .39 
Age 6-10 1949-52 

1955-65 
1962-65 

Z == .32 
Z = .51 

Sum of 
squares Residual 
due to sum of 

regression squares 

.005881 1.014581 

.015692 1.090633 

.lhl086 .902.839 

.100563 1.105004 

.034359 .582228 

Based on catch curve 
Z =:: .12 
Z = .12 
Z = .59 
z == .67 

Table VI. Analysis of variance of mortality rates given in Table IV. 

Total 
Years 
Ages 
Within 

Years 
Total 

Between 
1949-52 
1955-65 

Within 

Sum 
of 

squares 

8.884 
5.466 
1.095 
2.323 

5.466 

.315 

5.151 

1£ significance at 5% 

d.,f. 

51 
12 

3 
36, 

12 

1 

11 

C 14 

Mean 
sum of 
squares 

.h55 

.365 

.065 

.315 

.468 

F 

7.001£ 
5.62 1£ 

.67 

•..•.. /14 
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Table IV. Estimated mortality rates at age and mean efforts 

Mo "tali t)r at age 

7/6 7/8 8/9 9/10 Mean 
Year Relati'Te 

xl x x3 x4 Effort 
2 

1949-50 + .1757 - .8209 - .1347 - .5727 2949 
50-51 - .2268 - .5225 - .2869 - .7403 2769 
51-52 - .4573 + .0048 - .2692 - .0212 2708 
52-53 - .6235 - .5605 - .4004 - .5310 4200 
53-54 + .1458 - .5024 -1.2379 + .3088 5629 
54-55 .8096 - .9707 - .5413 - .2194 6007 
55-56 + .2611 + .0184 + .2438 - .1064 7233 
56-57 + .0928 - .31-124 - .1720 - .7074 7312 
57-58 - .0693 - .3886 - .6367 -1.1647 747';. 
58-59 + .1112 - .1603 - .6275 - .4568 7307 
59-60 -1.1147 -1.6095 -1.2837 -1.4398 7624 
60-61 .0090 - .5726 -1.0051 - .6387 7902 
61-62 .4861 - .9088 - .7424 - .1~893 6180 
62-63 .4732 - .1531 - .4232 - .9365 5595 
63-64 - .4976 - .6180 - .6033 - .6311 5608 
64-65 .3369 - .3638 - .5126 - .3355 5750 

Table V. Analysis of covariance of mortalities against mean fishing efforts 

Data from Table IV 

Mortality Cross EUort Regression 
Age sum of product sum of coefficient 

squares squares q 

7/6 2.34970 + 7.96926 4688.6828 - .001699 
8/7 2.54741 -13.01654 h688.6828 + .002776 
9/8 2.h0373 -39.028h3 4688.6828 + .008324 

10/9 2.77592 -32.95006 4688.6828 + .007027 
10/6 .1.4197h -19.25932 4688.6828 + .004108 

Mean total mortality rates: 1949-51 
Based on Table IV 

Z = .39 
Age 6-10 1949-52 

1955-65 
1962-65 

Z == .32 
Z = .51 

Sum of 
squares Residual 
due to sum of 

regression squares 

.005881 1.014581 

.015692 1.090633 

.lhl086 .902.839 

.100563 1.105004 

.034359 .582228 

Based on catch curve 
Z =:: .12 
Z = .12 
Z = .59 
z == .67 

Table VI. Analysis of variance of mortality rates given in Table IV. 

Total 
Years 
Ages 
Within 

Years 
Total 

Between 
1949-52 
1955-65 

Within 

Sum 
of 

squares 

8.884 
5.466 
1.095 
2.323 

5.466 

.315 

5.151 

1£ significance at 5% 

d.,f. 

51 
12 

3 
36, 

12 

1 

11 

C 14 

Mean 
sum of 
squares 

.h55 

.365 

.065 

.315 

.468 

F 

7.001£ 
5.62 1£ 

.67 
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Table IV. Estimated mortality rates at age and mean efforts 

Mo "tali t)r at age 

7/6 7/8 8/9 9/10 Mean 
Year Relati'Te 

xl x x3 x4 Effort 
2 

1949-50 + .1757 - .8209 - .1347 - .5727 2949 
50-51 - .2268 - .5225 - .2869 - .7403 2769 
51-52 - .4573 + .0048 - .2692 - .0212 2708 
52-53 - .6235 - .5605 - .4004 - .5310 4200 
53-54 + .1458 - .5024 -1.2379 + .3088 5629 
54-55 .8096 - .9707 - .5413 - .2194 6007 
55-56 + .2611 + .0184 + .2438 - .1064 7233 
56-57 + .0928 - .31-124 - .1720 - .7074 7312 
57-58 - .0693 - .3886 - .6367 -1.1647 747';. 
58-59 + .1112 - .1603 - .6275 - .4568 7307 
59-60 -1.1147 -1.6095 -1.2837 -1.4398 7624 
60-61 .0090 - .5726 -1.0051 - .6387 7902 
61-62 .4861 - .9088 - .7424 - .1~893 6180 
62-63 .4732 - .1531 - .4232 - .9365 5595 
63-64 - .4976 - .6180 - .6033 - .6311 5608 
64-65 .3369 - .3638 - .5126 - .3355 5750 

Table V. Analysis of covariance of mortalities against mean fishing efforts 

Data from Table IV 

Mortality Cross EUort Regression 
Age sum of product sum of coefficient 

squares squares q 

7/6 2.34970 + 7.96926 4688.6828 - .001699 
8/7 2.54741 -13.01654 h688.6828 + .002776 
9/8 2.h0373 -39.028h3 4688.6828 + .008324 

10/9 2.77592 -32.95006 4688.6828 + .007027 
10/6 .1.4197h -19.25932 4688.6828 + .004108 

Mean total mortality rates: 1949-51 
Based on Table IV 

Z = .39 
Age 6-10 1949-52 

1955-65 
1962-65 

Z == .32 
Z = .51 

Sum of 
squares Residual 
due to sum of 

regression squares 

.005881 1.014581 

.015692 1.090633 

.lhl086 .902.839 

.100563 1.105004 

.034359 .582228 

Based on catch curve 
Z =:: .12 
Z = .12 
Z = .59 
z == .67 

Table VI. Analysis of variance of mortality rates given in Table IV. 

Total 
Years 
Ages 
Within 

Years 
Total 

Between 
1949-52 
1955-65 

Within 

Sum 
of 

squares 

8.884 
5.466 
1.095 
2.323 

5.466 

.315 

5.151 

1£ significance at 5% 

d.,f. 

51 
12 

3 
36, 

12 

1 

11 

C 14 

Mean 
sum of 
squares 

.h55 

.365 

.065 

.315 

.468 

F 

7.001£ 
5.62 1£ 

.67 
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Table IV. Estimated mortality rates at age and mean efforts 

Mo "tali t)r at age 

7/6 7/8 8/9 9/10 Mean 
Year Relati'Te 

xl x x3 x4 Effort 
2 

1949-50 + .1757 - .8209 - .1347 - .5727 2949 
50-51 - .2268 - .5225 - .2869 - .7403 2769 
51-52 - .4573 + .0048 - .2692 - .0212 2708 
52-53 - .6235 - .5605 - .4004 - .5310 4200 
53-54 + .1458 - .5024 -1.2379 + .3088 5629 
54-55 .8096 - .9707 - .5413 - .2194 6007 
55-56 + .2611 + .0184 + .2438 - .1064 7233 
56-57 + .0928 - .31-124 - .1720 - .7074 7312 
57-58 - .0693 - .3886 - .6367 -1.1647 747';. 
58-59 + .1112 - .1603 - .6275 - .4568 7307 
59-60 -1.1147 -1.6095 -1.2837 -1.4398 7624 
60-61 .0090 - .5726 -1.0051 - .6387 7902 
61-62 .4861 - .9088 - .7424 - .1~893 6180 
62-63 .4732 - .1531 - .4232 - .9365 5595 
63-64 - .4976 - .6180 - .6033 - .6311 5608 
64-65 .3369 - .3638 - .5126 - .3355 5750 

Table V. Analysis of covariance of mortalities against mean fishing efforts 

Data from Table IV 

Mortality Cross EUort Regression 
Age sum of product sum of coefficient 

squares squares q 

7/6 2.34970 + 7.96926 4688.6828 - .001699 
8/7 2.54741 -13.01654 h688.6828 + .002776 
9/8 2.h0373 -39.028h3 4688.6828 + .008324 

10/9 2.77592 -32.95006 4688.6828 + .007027 
10/6 .1.4197h -19.25932 4688.6828 + .004108 

Mean total mortality rates: 1949-51 
Based on Table IV 

Z = .39 
Age 6-10 1949-52 

1955-65 
1962-65 

Z == .32 
Z = .51 

Sum of 
squares Residual 
due to sum of 

regression squares 

.005881 1.014581 

.015692 1.090633 

.lhl086 .902.839 

.100563 1.105004 

.034359 .582228 

Based on catch curve 
Z =:: .12 
Z = .12 
Z = .59 
z == .67 

Table VI. Analysis of variance of mortality rates given in Table IV. 

Total 
Years 
Ages 
Within 

Years 
Total 

Between 
1949-52 
1955-65 

Within 

Sum 
of 

squares 

8.884 
5.466 
1.095 
2.323 

5.466 

.315 

5.151 

1£ significance at 5% 

d.,f. 

51 
12 

3 
36, 

12 

1 

11 

C 14 

Mean 
sum of 
squares 

.h55 

.365 

.065 

.315 

.468 

F 

7.001£ 
5.62 1£ 

.67 
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Table IV. Estimated mortality rates at age and mean efforts 

Mo "tali t)r at age 

7/6 7/8 8/9 9/10 Mean 
Year Relati'Te 

xl x x3 x4 Effort 
2 

1949-50 + .1757 - .8209 - .1347 - .5727 2949 
50-51 - .2268 - .5225 - .2869 - .7403 2769 
51-52 - .4573 + .0048 - .2692 - .0212 2708 
52-53 - .6235 - .5605 - .4004 - .5310 4200 
53-54 + .1458 - .5024 -1.2379 + .3088 5629 
54-55 .8096 - .9707 - .5413 - .2194 6007 
55-56 + .2611 + .0184 + .2438 - .1064 7233 
56-57 + .0928 - .31-124 - .1720 - .7074 7312 
57-58 - .0693 - .3886 - .6367 -1.1647 747';. 
58-59 + .1112 - .1603 - .6275 - .4568 7307 
59-60 -1.1147 -1.6095 -1.2837 -1.4398 7624 
60-61 .0090 - .5726 -1.0051 - .6387 7902 
61-62 .4861 - .9088 - .7424 - .1~893 6180 
62-63 .4732 - .1531 - .4232 - .9365 5595 
63-64 - .4976 - .6180 - .6033 - .6311 5608 
64-65 .3369 - .3638 - .5126 - .3355 5750 

Table V. Analysis of covariance of mortalities against mean fishing efforts 

Data from Table IV 

Mortality Cross EUort Regression 
Age sum of product sum of coefficient 

squares squares q 

7/6 2.34970 + 7.96926 4688.6828 - .001699 
8/7 2.54741 -13.01654 h688.6828 + .002776 
9/8 2.h0373 -39.028h3 4688.6828 + .008324 

10/9 2.77592 -32.95006 4688.6828 + .007027 
10/6 .1.4197h -19.25932 4688.6828 + .004108 

Mean total mortality rates: 1949-51 
Based on Table IV 

Z = .39 
Age 6-10 1949-52 

1955-65 
1962-65 

Z == .32 
Z = .51 

Sum of 
squares Residual 
due to sum of 

regression squares 

.005881 1.014581 

.015692 1.090633 

.lhl086 .902.839 

.100563 1.105004 

.034359 .582228 

Based on catch curve 
Z =:: .12 
Z = .12 
Z = .59 
z == .67 

Table VI. Analysis of variance of mortality rates given in Table IV. 

Total 
Years 
Ages 
Within 

Years 
Total 

Between 
1949-52 
1955-65 

Within 

Sum 
of 

squares 

8.884 
5.466 
1.095 
2.323 

5.466 

.315 

5.151 

1£ significance at 5% 

d.,f. 

51 
12 

3 
36, 

12 

1 

11 

C 14 

Mean 
sum of 
squares 

.h55 

.365 

.065 

.315 

.468 

F 

7.001£ 
5.62 1£ 

.67 
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Table IV. Estimated mortality rates at age and mean efforts 

Mo "tali t)r at age 

7/6 7/8 8/9 9/10 Mean 
Year Relati'Te 

xl x x3 x4 Effort 
2 

1949-50 + .1757 - .8209 - .1347 - .5727 2949 
50-51 - .2268 - .5225 - .2869 - .7403 2769 
51-52 - .4573 + .0048 - .2692 - .0212 2708 
52-53 - .6235 - .5605 - .4004 - .5310 4200 
53-54 + .1458 - .5024 -1.2379 + .3088 5629 
54-55 .8096 - .9707 - .5413 - .2194 6007 
55-56 + .2611 + .0184 + .2438 - .1064 7233 
56-57 + .0928 - .31-124 - .1720 - .7074 7312 
57-58 - .0693 - .3886 - .6367 -1.1647 747';. 
58-59 + .1112 - .1603 - .6275 - .4568 7307 
59-60 -1.1147 -1.6095 -1.2837 -1.4398 7624 
60-61 .0090 - .5726 -1.0051 - .6387 7902 
61-62 .4861 - .9088 - .7424 - .1~893 6180 
62-63 .4732 - .1531 - .4232 - .9365 5595 
63-64 - .4976 - .6180 - .6033 - .6311 5608 
64-65 .3369 - .3638 - .5126 - .3355 5750 

Table V. Analysis of covariance of mortalities against mean fishing efforts 

Data from Table IV 

Mortality Cross EUort Regression 
Age sum of product sum of coefficient 

squares squares q 

7/6 2.34970 + 7.96926 4688.6828 - .001699 
8/7 2.54741 -13.01654 h688.6828 + .002776 
9/8 2.h0373 -39.028h3 4688.6828 + .008324 

10/9 2.77592 -32.95006 4688.6828 + .007027 
10/6 .1.4197h -19.25932 4688.6828 + .004108 

Mean total mortality rates: 1949-51 
Based on Table IV 

Z = .39 
Age 6-10 1949-52 

1955-65 
1962-65 

Z == .32 
Z = .51 

Sum of 
squares Residual 
due to sum of 

regression squares 

.005881 1.014581 

.015692 1.090633 

.lhl086 .902.839 

.100563 1.105004 

.034359 .582228 

Based on catch curve 
Z =:: .12 
Z = .12 
Z = .59 
z == .67 

Table VI. Analysis of variance of mortality rates given in Table IV. 

Total 
Years 
Ages 
Within 

Years 
Total 

Between 
1949-52 
1955-65 

Within 

Sum 
of 

squares 

8.884 
5.466 
1.095 
2.323 

5.466 

.315 

5.151 

1£ significance at 5% 

d.,f. 

51 
12 

3 
36, 

12 

1 

11 

C 14 

Mean 
sum of 
squares 

.h55 

.365 

.065 

.315 

.468 

F 

7.001£ 
5.62 1£ 

.67 
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Table IV. Estimated mortality rates at age and mean efforts 

Mo "tali t)r at age 

7/6 7/8 8/9 9/10 Mean 
Year Relati'Te 

xl x x3 x4 Effort 
2 

1949-50 + .1757 - .8209 - .1347 - .5727 2949 
50-51 - .2268 - .5225 - .2869 - .7403 2769 
51-52 - .4573 + .0048 - .2692 - .0212 2708 
52-53 - .6235 - .5605 - .4004 - .5310 4200 
53-54 + .1458 - .5024 -1.2379 + .3088 5629 
54-55 .8096 - .9707 - .5413 - .2194 6007 
55-56 + .2611 + .0184 + .2438 - .1064 7233 
56-57 + .0928 - .31-124 - .1720 - .7074 7312 
57-58 - .0693 - .3886 - .6367 -1.1647 747';. 
58-59 + .1112 - .1603 - .6275 - .4568 7307 
59-60 -1.1147 -1.6095 -1.2837 -1.4398 7624 
60-61 .0090 - .5726 -1.0051 - .6387 7902 
61-62 .4861 - .9088 - .7424 - .1~893 6180 
62-63 .4732 - .1531 - .4232 - .9365 5595 
63-64 - .4976 - .6180 - .6033 - .6311 5608 
64-65 .3369 - .3638 - .5126 - .3355 5750 

Table V. Analysis of covariance of mortalities against mean fishing efforts 

Data from Table IV 

Mortality Cross EUort Regression 
Age sum of product sum of coefficient 

squares squares q 

7/6 2.34970 + 7.96926 4688.6828 - .001699 
8/7 2.54741 -13.01654 h688.6828 + .002776 
9/8 2.h0373 -39.028h3 4688.6828 + .008324 

10/9 2.77592 -32.95006 4688.6828 + .007027 
10/6 .1.4197h -19.25932 4688.6828 + .004108 

Mean total mortality rates: 1949-51 
Based on Table IV 

Z = .39 
Age 6-10 1949-52 

1955-65 
1962-65 

Z == .32 
Z = .51 

Sum of 
squares Residual 
due to sum of 

regression squares 

.005881 1.014581 

.015692 1.090633 

.lhl086 .902.839 

.100563 1.105004 

.034359 .582228 

Based on catch curve 
Z =:: .12 
Z = .12 
Z = .59 
z == .67 

Table VI. Analysis of variance of mortality rates given in Table IV. 

Total 
Years 
Ages 
Within 

Years 
Total 

Between 
1949-52 
1955-65 

Within 

Sum 
of 

squares 

8.884 
5.466 
1.095 
2.323 

5.466 

.315 

5.151 

1£ significance at 5% 

d.,f. 

51 
12 

3 
36, 

12 

1 

11 

C 14 

Mean 
sum of 
squares 

.h55 

.365 

.065 

.315 

.468 

F 

7.001£ 
5.62 1£ 

.67 

•..•.. /14 
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Table VII. Virtual population siz" estimates at age 6 

Year . Summa t i on for Summation up y/x 
6 and over to age 10 -, ;'0 

X Y 

1949 7609.31 
1950 7081.23 
1951 5!~47. 22 
1952 9001+.37 
1953 270;';1 •• 88 
195L~ 26939.81 26004.15 96.5 
1955 11762 .I~II 11181.17 95.0 
1956 26962.21 26146.95 97.0 
1957 60[13.58 5859.28 96.9 
1958 111540.80 13952./.1.3 96.0 
1959 25390.17 24520.45 96.6 
1960 27Ij.J2.59 26645.65 97.1 
1961 29775.65 29775.65 100.0 
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