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Minutes of December 1958 Meeting 

of Scientific Advisers to Panels 4 and 5 

The Scientific Advisers to Panels 4 and 5 met in Boston, Mass .• on Decem
ber 2-4,1958. Dr. Herbert W. Graham acted as Chairman and Dr. J.L. Hart and Dr. R. 
L. Edwards were appointed reporters. A list of participants is presented in Appendix 1. 

RECENT ADVANCES IN HADDOCK BIOLOGY 

Subarea 5 

John B. Colton reported on the results of the Woods Hole Laboratory' 8 larval 
fish surveys in the general area of the Gulf of Maine and surrmmding banks. The main 
spawning concentrations of haddock (!i!.1!.Jl21F!.~~1!:~~i~.! (L.) in the years 1953,1955. 
and 1956 were in (1) the northeastern part of Georges Bank, (2) on Browns Bank, and (3) in 
South Channel. Northeast Georges larvae tended to drift south and southwest as they grew. 
Browns Bank larvae drifted counter clockwise around the Gulf of Maine. and the fate of the 
South Channel fish was uncertain. Young fish appear to drift in the same manner as drift 
bottles. and even more exactly as transponding buoys which may be followed day after day. 
Colton postulated that in the years of survey Georges Bank fish were recruited from Browns 
Bank. The years of survey were all years of poor recruitment on Georges Bank. Further 
surveys are needed during years of successful recruitment. 

Most surveys were made with Hardy Plankton Recorders towed at the surface 
and at ten meters. In order to increase the depth of sampling in surveys over a large area 
in a limited time. it was necessary to devise new samplers. A new sampler was developed 
and used experimentally in 1958 with several of these samplers being towed simultaneously 
at different depths. The collections so obtained demonstrated that young haddock tend to be 
concentrateabetween 10 and 20 m., day or night. Stratification was relatively marked in 
deeper waters but less so in shoal water perhaps due to differences in turbulence. 

In 1956. extensive mortality of larval silver hake CM~.ht£cius_b..!.I.!!t~.!~ 
(Mitch.)) and yellowtail flounder (~!!!~2.aJ~rE1p-~a (storer» was observed off the south
ern edge of Georges Bank, apparently due to the incursion and mixing of warmer slope water 
with Georges Bank water. This is the first well documented direct observation of larval 
fish mortalities associated with increased water temperature in nature. Because of the 
apparent prevailing drift of larvae of Georges Bank into this area. such phenomena may have 
an important bearing on the success of haddock year classes and requires further study. 

Colton next discussed the results of the trawl surveys of young-of-the-year 
haddock made in the fall seasons of 1953. 1955. 1956. and 1958. The average fish per row 
for each was as follows: 1953--0.7. '55--9.7, '56--1.7. and 1958--14.9. The greatest 
numbers of zero age group fish were found in depths between 60 and 90 fathoms. The con
centrations differed significantly in 1958 when large numbers (up to 300 fish per tow) were 
found off the eastern edge of Georges Bank, off western Browns Bank and east of Cape Cod. 
Previously. zero haddock were usually fOWld in the deeper, more central areas of the Gulf 
of Maine. 

Since at least the first three of these surveys were made of poor year classes 
it is too early to draw any conclusions regarding the :r;elation of the abundance and distribu
tional pattern of YOWlg-of-the-year on the bottom to the eggs and larvae or to the commer
cial yield of the year class. 
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Clark presented evidence to support an hypothesis that haddock of the Gulf of Maine and contiguous waters are separable into three major stocks: (1) Browns Bank, (2) Georges Bank, east; and (3) Georges Bank, west. The haddock in the Bay of Fundy are considered a mixed group. This breakdown was based on vertebral numbers and tagging returns. The Woods Hole staff has tagged over 9.000 fIsh since 1953 in connection with the stock and migration study. 

The St. Andrews staff, in 1957. tagged more than 2,200 haddock in the BrownsLaHave and Bay of Fundy areas. Returns to date suggest that haddock in the Browns-LaHave area are a relatively discrete stock. Haddock from the Bay of Fundy region were retaken in substantial numbers during winter from the southern Gulf of Maine and Channel regions. The results substantiate earlier conclusions of separate haddock stocks in Subareas 4 and 5. 

Subarea 4 

The St. Andrews group started a survey program on Nova Scotian (Sable Island, Western, and Emerald) banks in August and September 1953. By far the most abundant fish was the haddock. Smallest haddock, probably' 57 year class, were found alone in shallow water (14-20 fathoms) ,in reduced numbers at intermediate depths, but occurred agam along with large haddock in the deeper waters (45+ fathoms). Large numbers of baby haddock, probably '56 and ' 55 year classes, were caught along with larger fish on top of the banks in intermediate depths (20-45 fathoms). 

Preliminary conclusions are that none of the year olasses of haddock from' 53-
T 57 are outstanding. Comparative data for other years are lacking, however, and support for this conclusion will have to depend on future measures of recruitment to the commercial fishery. 

The cooperative exchange program was reviewed by Martin and Clark (Appendix IT). It was agreed that satisfactory progress was being made and that any diff1.culties (' that come up could be handled direct. 

Subarea 3 

Hodder reviewed the history of the haddock fishery in recent years in Subarea 3. The 1949 year Class, in the years subsequent to 1953, dominated the fishery, tnfluenced the sizes of fish taken and discarded, and greatly modified Newfoundland's fishing industry. There is no evidence of a good year class in the immediate future on st. Pierre Bank, and, although the 1955 year class is dominant on the Grand Bank, it is actually relatively poor. The dispersal of moderate year classes of haddock in Subarea 3 in the summer months is so extreme as to make fishing unprofitable at this time. 

Management of the Haddock Fisheries 

Subarea 5 

The status of the haddock fishery on Georges Bank is poor. The 1958 year class shows promise but there is no relief in sight until 1960 at the earliest. A Buggestion of a 2-year cycle of abundance was a feature of the haddock fishery from 1947 to 1952. However, this pattern has broken down since then and there has been a series of poor year classes. 

The present poor condition of the Georges Bank haddock fishery led to a discussion of the importance of lmowledge regarding the factors that affect fish populations. For effective management the biologist bas an obligation to do more than study the short-term effects of changes in the rate of fishing, for it is vital that he be able to explain and predict the environmental factors that so drastically affect the populations and the long-term influence of fishing on the biology of the stocks. It was accordingly agreed that we continue special 
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efforts to study the effects of fishing and of the environment on recruitment and availability 
of fishes, especially haddock. It was recommended that an ad hoc committee be set up to 
consider methods of studying the effects of environment and fishing on recruitment especially 
of haddock. Taylor (Chairman), Dickie, Hodder I and Walford were appointed and instructed 
to report back at the June meeting. 

Effects of Regulation 

Taylor presented a paper on TlRecent Variations in Haddock Growth", Appen
dix m, in which it was shown that the increase in average weight of 2- and 3-year-old had
dock following regulation is not due to an increase in growth rate. other aspects of this study 
showed that growth rates did differ significantly from one area to another on Georges Bank. 
It was agreed that growth rate work is basic to the study of the effects of regulation and should 
be continued. 

Taylor presented a paper on a80me Effects of Undetected Trends inEstimating 
Mortality Coefficients, II Taylor and Oberacker, Appendix IV. which assessed the usefulness 
under vartous circumstances of the 2 methods (Beverton and Holt, and Paloheimo) in estima
ting the value. of catchabillty (!I) and mortality (M). 

Dickie reviewed Holt's method (Appendix V) for estimating benefits of a mesh 
regulation and pointed out that the method is not more useful in predicting the benefit than 
methods already being applied because the same assumptions must be made that have already 
been used. 

Dickie presented a paper entitled I IJ Effects of Possible Mistakes in Age De
termination on Age-Composition and Mortality Estimates for Georges Bank Haddock I If Ap
pendix VI. in which he showed that errors in age determination could lead to a levelling of 
apparent year class strength with age, especially in those cases where there are marked 
differences in year class strength. The Georges Bank data demonstrate a loss of dominance 
in strong year classes as the fish become older. This could be caused by differentialemigra
tion of the older fish of strong year classes, by relatively more intensive fishing on the 
stronger year classes, as well as by errors in age determination. A method was described 
for making the necessary adjustments to correct for such errors. Taylor described studies 
establishing the validity of scale readings during the time that haddock were producing al
ternately good and INor year classes. 

The bllbject of a study boat fleet as it. applied to assessment of the mesh regu-
1ation in Subarea 5 was discussed briefly, and it was agreed to leave the matter open for the 
present. 

Administrative Problems 

Medico discussed some of the variations resulting from the use of different 
synthetic yarns. The problems associated with pre-stretched manila cod ends were ex
plained. 

Brackett gave the latest report on the operation of the 10 per cent annual 
exemption (Appendix VTI). 

McCracken presented information that Canadian vessels had become depen
dent on the success of specific year classes for year-round haddock fishing. Recently they 
have been operating principally on the abundant 1952 year class. The' 49 year clas8 was 
also a dominant year class. The 1955 year class is entering the fishery now, but none of 
the year classes subsequent to 195,2 appear to be outstanding. The proportion of discards 
varies greatly. depending upon where the fish are being landed and whether they are lan
ded round or gutted. A general value for discards in the summer of 1958 is 9 percent by 
weight. 
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Mesh selection experiments with a 5-1!S-inch mesh gave a selection factor 
of 3.2. Sea trips on commercial trawlers during the summer of 1958 demonstrated that the 
large mesh nets (4-7/8 11 ) released fish under 30 em. in large numbers. 

Martin reported on enforcement of the mesh regulation in Subarea 4. He 
pointed out the possible administrative needs for a general mesh regulation for haddock for 
all conUguous Canadian waters. 

Subarea 3 

Hodder reported on abundance of haddock on the Grand Bank. Catch per lUlit 
of effort fell 40 to 50 percent between 1957 and 1958 due to the diminished level of the 1949 
year class which was still providing over 50 percent of the landings in 1957. There is wide 
variation in the growth rates of different year classes. The large 1949 year class had. the 
slowest growth rate of all year classes investigated. The growth rate of all year classes in 
1950 was significantly reduced. and this seemed to be due to the unusually low water tem
peratures on the Grand Bank at that time. 

It was noted that some haddock vessels have been fishing in Subarea 3 with 
cod end mesh sizes as large as 4.6 inches. In general J 4-inch mesh sizes are used for 
Newfoundland haddock dragging In Subarea 3. 

RECENT ADVANCES IN COD STUDIES 

Subarea 5 

Wise reported that scrod cod (~aE~~!.I~!..i!.B_L.) landings at Boston and 
New Bedford have shown a marked increase in 1958 and appear to be due to one or more 
successful year classes of fish. The statement was made that Browns Bank and Georges 
Bank. cod are apparently separate stocks. A tagging experiment is planned for March of 
1959 to measure the discreteness of these stocks and to determine the degree of homing 
tendencies. Preliminary work on age of Georges fish shows extremely fast growth and 
agrees with Schroeder's data for southern New England fish. 

Subarea 4 

Powles reported on cod tagging at the Magdalen Islands. In July 1957, 1201 
cod were tagged. Recaptures were made from the western side of the Laurentian Channel 
off Cape Breton during December to April follOWing, while in June to November 1958, 
northeast to Gaspe and the Bay of Chaleur regions. In 1958, 910 cod were tagged earlier I 
in May. The pattern of returns was similar, but cod migrated north during this year of 
tagging. All cod were tagged with Petersen discs and Lea tags attached dorsally. Re
coveries were of the order of 10 percent for both years. 

Size at maturity. spawning season, and fecundity were determined in 1955 
and 1956 for cod from SubdiviSion 4T. In 1955 and 1956, males were 50 percent mature at 
50 and 53 cm •• respectively; females for the same years were 50 percent mature at 52 and 
57 cm. , respectively. The spawning season lasted from May to September, with peak 
spawning at the end of June. The smallest mature cod of 51 cm. produced 200,000 eggs, 
while the largest specimen of 140 cm. in length carried 12 million ripening eggs. 

In feeding studies, it was found that small cod selected a diet of pelagic crus
taceans, namely mysids. euphausiids J and amphipods. Wi th increase in size J cod adopted 
a more varied diet, in which fish and benthic invertebrates became increasingly important. 
At lengths over 70 cm. pelagic and benthic invertebrates were taken in approximately equal 
volumes. Herring was the most important fish in the diet of a large cod. 
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Marcotte reported on the continuation of the survey in the Bay of Chaleur 
and environs. The survey consisted of 9 stations (3 transects) in the Bay and 6 stations 
(2 transects) off the tip of Ga8p~ (Grand River). During the first survey small numbers 
of cod were rather evenly distributed over the area. Catches close inshore in July were 
mostly small fish. At the beginning of August cod were abundant at all stations, especially 
along the northern shore. In October, codfish were still abundant although emigration had 
begun. Cod move into the Bay as water temperatures rise in late spring. Cod in spawning 
condition were found throughout the summer. with a maximum in July. 

Small codfish were less abundant in 1958 than in 1957. Lower temperatures 
were observed in 1958 as well as fewer small cod relative to large. 

The catches taken with *14 and #17 hooks did not obviously differ 10 length 
composition, although these data need further analysis. To this end. it was recommended 
that Clark and McCracken cooperate with Marcotte in applying an analysis similar to that 
used in mesh selection experiments. 

A detailed survey was made of the mesh sizes used in 85 codfish traps as a 
beginning of mesh selection experiments. 

Lacroix presented the results of nine 24-hour cruises made near Grand
Riviere, GasP~-Sud. Canada, to study daily vertical migrations of euphausiids. 

A general pattern of migrations was described, consisting of (a) a dawn des
cending movement, (h) an absence in the upper 60 meters at mid-day. (c) an evening ascen
ding movement, and (d) a scattering distribution at midnight leading to a stair distribution 
with a maximum concentration near the surface. 

Physical factors causing or modifying migrations are light. temperature. 
and the state of sea surface. High thermal gredients (at least 1°C. 1m.) were found to stop 
the animals 10 their migrations upwards. 

Poulsen presented a report of the cod data recently supplied by Ruivo and 
Quartin (Appendix VIII). These data include age and size compositions as well as sex ratio 
information. A dominant 1950 year class appeared in recent Portuguese catches. The 
group expressed it6 appreciation for this useful and needed report. 

Martin discussed the work (of Yves Jean) carried out in the Gulf of St. Law
rence. Sizes and ages of cod caught and landed by Canada from the northern part of Sub
division 4T have been studied in varied. ways. Commercial dragger studies during the 
period 1948-58 have shown increased landings. decreased catch per unit effort. decreased 
average age, and increased growth rate. The effects of changes in fishing and in the en
vironment are being assessed. These draggers are now USing cod end manila mesh sizes 
of 4-1/2 to 5 inches. Nine trips to sea on these boats in 1958 have shown that large quan
tities of smaIl cod. which are observed in survey studies to be present in the area, are 
escaping from the net. However, discards at sea still amount to about 15 percent by num
ber. A mesh selection experiment with a 5-3/4-inch manila cod end gave a selection 
factor of 3.3 for cod and 2.1 for plaice. 

It was concluded that a 5-1/2-inch mesh would reduce discards to a minimum 
and that the variability of selection factor experiments makes it difficult to assess effects 
on the numbers and sizes of cod now landed. With such a mesh size, plaice discards would 
be greatly reduced with no immediate effect on sizes landed. 
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It was proposed by Martin that 5-1/2 inoh neta be supplied to a few commer
cial draggers in 1959 in order to measure relative efficiency of various mesh sizes and to 
gain base-line experience with the use of larger mesh nets. Martin then asked the group 
for their ideas on a study boat program and the proposed program was discussed. The 
group endorsed the study boat program and suggested that more than one experimental 
mesh size be used if the practical difficulties !nvcl ved could be met. 

Subarea 3 

Squires presented a prel1mtnary study of the lower landings of cod in 1958 in 
the trap fishery of Newfoundland. which appeared to be related to hydrographic conditions. 
These conditions resulted in a short capelin (MallotuB villoBUs (MUller» season. Cod follow 
capelin inshore where they are caught in the tnps-:--FUrthe-;difficulties developed when the 
bait squid also were not readily available. This handicapped tbe fall line fishery. Small 
(I-year) cod were abundant in 1956 and 1958. 

An account of Borne exploratory fishing for shrimp (.E!:!l£&d~.E~!.~:i.!!) in the 
Gulf of St. Lawrence and off the Newfoundland coast was presented. 

SCALLOPS 

Poegay reported on the U ,S. scallop fishery and U.S. research on this shell
flBh. The 1958 catch will be about 2.5 million pounds below 1957 but this Is due to decreased 
effort. not lowered abundance. The catch per unit of effort remains about the same as 1957. 
Some scallopers were diverted to exploitation of the unusually abundant yellowtail flounder in 
the area. 

Investigation of the annual rings of scallops from the eastern half of Georges 
Bank, which provides about 70 percent of the total catch on Georges. the Hudson Canyon areas 
and Block Island, show that the growth rates in all of these areas are almost exactly the Bame. 
The growth rate estimated by this method agrees very closely with the growth rate estimated 
from the recovery of tagged scallops. 

An estimation of the natural mortality rate has been made using the ratio of 
clapper shells to live scallops presented in the fished population. These data give estimates 
of M ranging from .045 to .162 for the catchable sizes. 

An attempt bas been made to estimate total mortality rates by analyzing the 
relative abundance of successive year classes present in the population and by the catch per 
day of tagged scallops. The relative abundance method gives estimates of ~ of about. 7 
(assuming little variation in year-clas8 strength). The tag return method requires the elapse 
of more time and return of more tags before returns can be conSidered to reflect the rate of 
exploItation. Returns from a preliminary tagging on one of the less heavily fished areas 
have totalled abrut 20 percent in the 14 months since their release. A later more extensive 
tagging bas yielded 9 percent returns in 6 months. 

The method suggested by Holt (Serial No. 557) foZ' predicting the effect of 
increasing the mesh size has been applied to the sea scallop data. These calculations pre
dict that postponing the length at first captore from 85 mm .• the present cui!. tc 105 mm. 
(1.43 years) would lead to an (a9 percent benefit If the present fishing mortality Is . 7 and 
a benefit of 21 percent If the fishing mortality Is .4. 

It was recommended that a biological report summarizing evidence for pos
sible benants of an increased ring size in scallop gear be prepared by the U.S. and dis
tributed prior to the June meeting and that U. S. and Canadian biologists continue their 
close cooperation in this study. 

C9 



- 9 -

Dickie reported on sampling on Georges Bank aboard Canadian vessels. 
Since June 1958, 3 of the lO-minute squares proposed as a basis for statistical reporting 
were sampled. Records of catch per haul or hour fished indicate differences in the abun
dance in neighboring areas. However, these differences were reflected largely in the 
amount of discards. landings per unit of effort varying little in total poundage. With lower 
catches, the size of 50 percent oull appears to decrease. landings apparently varying mainly 
with the numbers of different sizes shucked. If this situation is general, it could complicate 
estimates of abundance from commercial statistics. 

The material presented by Dickie suggested that greater shucking power 
rather than improving the catch per unit effort is necessary to fully utilize the present 
scallop resource. Posgay pointed out that increasing the catch per unit of effort of larger 
scallops, by permitting them to grow uP. would increase the landed catch per unit of effort 
with the same shucking power. There was further discussion about the interpretation of 
Posgay's tagging data and his experimental design for the tagging experiment. 

STATISTICS 

Clark pointed out that a diviSion of Subdivision 5Z would present the haddock 
data of Georges Bank more adequately by stocks. It was agreed that a matter of principle 
was involved and that the question should be passed on to the Committee on Research and 
Statistics. United states biologists agreed to present the value of a division of Subdivision 
5Z at the June meeting. 

Clark reported that an annual series presenting the basic haddock data was 
·being prepared. starting with 1956. The 1957 and 1958 data will be published as soon as 
finished, after which the basic data will be published at the end of each year. It is planned 
to publish the data prior to 1955 as soon as practical. 

PLANS FOR FUTURE MEETINGS 

1. It was agreed that two days would be required for the June meeting of 
Scientific Advisers to Panels 4 and 5. The Executive Secretary was asked to schedule 
this amount of time out of the week provided for SCientific discussions at the annual meeting. 

2. Kelly reviewed the work that has been accomplished. to date in prep
aration for the Redfish SympoSium, 1959. 

3. Wise reported on the plans for the Marking Symposium in 1960. It was 
agreed that Dr. McCracken should proceed with ~e publicity phase of the MarkIng Sym
posium which is to be covered at the 1959 annual meeting. 

--00000--
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APPENDIX II 

CO-oPERATIVE HADDOCK PROGRAM IN ICNAF SUBAREA 4 

Data sent from st. Andrews to Woods Hole 

statistics 

Landings from Subdivision 4X by species, months, and type of gear, from January I, 1956. to January 31, 1958. 

Catch per Unit of Effort 

catch per tub for landings at the Lockeport Company from January I, 1956, to January 31, 1958. 

Samples (Sept. & Oct. 1958 samples will be sent to Woods Hole with others for last half of 1958.) 

1956 1957 1958 
No. of Number No. of No. of Number No. of No. of Number No. of Month samples Measured Scales Samples Measured otoliths Samples Measured Otoliths 

Jan. 
Feb." 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Total 

statistics 

5 
1 

2 
1 

9 

1100 
300 

400 
600 

2400 

220 
60 

80 
120 

480 

1 
4 
1 

3 

1 
1 
2 
3 

16 

200 40 1 
800 160 3 
200 40 

2 
4 

1015 203 6 

200 40 5 
300 60 1 
875 175 
600 120 

4190 838 

Data received by St. Andrews from Woods Hole 

202 
1160 

590 
1508 
3327 

2600 
154 

Massachusetts landings by months from January I, 1956, to June 30, 1958, with the exception of the month of December 1956. 

Interview Records and Summaries - Subdivision 4W 

40 
232 

118 
300 
665 

520 
30 

Month 
January 
February 
March 
April 
May 

1956 - Number trips 
2 

1957 - Number trips 
4 

1958 - Number trips 
2 

June 
July 
Auguet 
September 
October 
November 
December 

2 
6 Summaries only 
5 Summaries only 
4 Summaries only 
1 Summaries only 

13 
6 
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SamEles - SUbdivision ~W 

1956 1957 1958 
Lenl!h Fre9!encles Otoliths Fre!}uencies otoliths Fre9!!encies otoliths 

Month La· Scr. Disc. LI!' Ser. Disc. Lg. Ser. Lg. Ser. Lg. Ser. Li' Ser. 
Number ~ Number Number Number Number 

Jan. 167 188 20 15 *102 *54 *20 101 112 20 
Feb. 100 50 20 15 *96 *21 
Mar. *102 *19 
Apr. 166 219 564 20 20 20 176 35 
May 
June *62 *15 
July 
Aug. 
Sept. 
Oct. 
Nov. 1013 595 214 124 
Dec. *97 *118 *20 *14 

Total 1448 1002 564 273 159 20 475 284 95 44 

* Not used as both market categories not sampled or market categories from different 
areas. Age readings received from January to April of 1956. otoliths received for 
all samples following this period. 
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APPENDIX m 

Recent Variations in Haddock Growth 

by C.C. Taylor and R.R. Stoddard 

The average weight of haddock landed at ages 2 and 3 bas increased about 15 percent since mesh regulation (Taylor, P-27. ICNAF, ICES, F AO, Lisbon. 1967). OUr interpretation of this as a selection effect of the large mesh has been ohallenged on the basis that such increase in weight could be due to a ohange in growth rate. 

From Georges Bankaubareas G. H. J, and M. back-calculated sizes from 6,392 fish for 1931-1947 year classes were compared to back-calculated sizes of 269 fish taken in 1958. All these fish were taken in Season A and include 3- to 6-year-old fish. The results of these comparisons are summarized in Tables 1 to 3. 

Prior to 1947. there were no substantial differences in growth rate in the subare •• studied (Table 1). 

The 1958 data Indicate an Increase In growth rate from 1 tc 2 centimeters since 1952 in subarea G. Almost no difference in subarea H is evident. In subareas J and M I a slight decrease in growth rate is noted. 

Conclusive evidence of variations :In growth in recent years must await the reading of additional scale co!1eotlons taken In the years 1953 to 1957. When tbls work is completed, it will be possible to trace the growth of individual year classss In the fishery prior to and following the mesh cbange. This study I. expected to be completed prior tc the 1959 annual meeting. 
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APPENDIX IV 

Some Effects of Undetected Trends in Estimating Mortality Coeffioients 

by 

Clyde C. Taylor and Donald P. Oberacker 

Introduction 

With adequate statistics on effol't and catch by age of fish, It Is usually pos
sible to compu\e the total mortality rate of a fish stock. The separation of total mortality 
Into Its oomponents of natural and fishing mortality Is a more difficult problem subject to 
various unoertainties. 

Taylor (1958) has estlmatad natural mortality rates for various ages of 
Georges Bauk haddock, using a method developed by Beverton and Holt (1957). More 
recently we have applied to the Georges Bank data a method of estimating natural mor
tality suggestsd by Paloheimo (1958). The latter method, In general, estimates rates of 
natural mortality oonslderably higher than those estimated by Taylor. The magoitude of 
the discrepancies between the two methods is shown in Table 1. 

Table 1. Comparison of estimates of the natural mortality 
ooefficient, M. from data on catch and effort for the Georges 
Bauk haddock fishery, 1932-1950. 

Estimate of ¥ 
Ages BeVltrton-,olt Palohe1mo 

Compared 1¥thoct!. Method!! 

2-3 -0.100 

3-4 -0.170 -0.020 

4-5 0.012 0.497 

5-6 0.004 0.720 

6-7 1.57s!! 1.304 

7-8 0.491 0.751 

y Ses Taylor, 19511. 

'Y The summation Is oarrled from age 9 back to the two ages 
oompared. 

Y Based on first Iteration ouly. 

Because of the substantial dlsagreettlent In estimates of M resultlt.g from 
application of the two methods, we have explored a simple theoretloal model In II-hloh 
variations in.i (see Notation) or M. were introduced but which variations were assumed 
UDdetected In further treatment of the information on oatch and effort. 

D3 
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Notation 

we shaJl adopt the notation of Paluhelmo (1958) where, for one year 

Nt number of the i-year-old fisb at the start of the year 

CI catch In numbers of lbe I-year-old fish 

fl fishing intensity, lbe effort per unit area, defined by Palohelmo 
(1958) as "lbe total effective effort expended on lbe I-year-old 
fish". It is the measure of effort whioh is linearly related to 
the instantaneous fishing mortality coefficient, F. 

QJ. coefficient expressing the fraction of the l-year-old fish caught 
by one unit of fishing intensity J f; in other words the factor of 
proportionality linearly relating f to F. 

MI inetantaneous natural mortality rate of lbe I-year-old fish 

FI Instantaneous fishing mortality rate of the I-year-old fish 

Zt = Fi + M, or Zt = <it!i + M, the tota11nstantaneoUB mortality rate 
of lbe I-year-old fish. 

The Theoretical Model 

Both the Heverton and Holt and lbe Palohelmo methods of estimating natural 
mortality require estimates of lbe total mortsllty rate at different levels of fishing inten
sity so thet a regression of total mortality on fishing intenSity may be determined. The 
slope of" the regreSSion line 1s the estimate of.9., and the intercept on the ordinate Is the 
eellmate of M. In Jl lbeoretlcal model It Is necessary to establish only two points to de
termine lbe regreSSion line and lbe estimates of.'l and M. We did this by oomputlng lbe 
total mortality at two levels of fishing intensity. The estimates lbus obtalned were fur
ther refined by the iterative procedure common to both methods, 

ThuB. we considered a year class of 50 million fish at age 1 and computed 
lbe catches which would be obtained from It at effort levels of 6,000 days per year and 
3,000 days per year under certain variations in.!l and M at ages 1, 2, and 3. The .combi
nation.s of data thus obtained provided the necessary information for applying either the 
Beverton and Holt or the Paloheimo method. In applying these methods, It was aasumed 
that .!l and M were constant from age 1 to age 10. Values of.'l and M were then eellmatad 
from abundance indices for ages 1 and 2. It should be polntad out thet we .had detel"lllined 
values for !land M after age 3, when S !lDd M were actually oonstant, either method would 
estimate their exact values. 

In the four cases considered, !l and M varied as follows: 

.'llncreases from 0,050 per thousand days fished at age 11\> 0.075 at age 2, 
afler which It Is constant at 0.100 from ages 3 to 10. M III held constant 
at 0.10 • 

.'1 decreases from 0.150 at age 1 to 0.125 at age 2, afler which It Is 
constant at 0.100 from ages 3 to 10. Mis b<i>ld constant at 0.10. 

04 
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M increases from a .100 at age 1 to 0.200 at age 2, after which it is 
constant at 0.400 from ages 3 to 10 . .!l is held constant at 0.10, 

M decreases from 0.400 at age 1 to 0.200 at age 2. after which it is 
constant at 0.100 from ages 3 to 10. s.is held constant at 0.10. 

'It: 

" 
Results 

Table 2 shows the results obtained in estimating .!l and M by the two methods. 
The first column of estimates by the Paloheimo method are obtained by summations from 
age 10 back to ages 1 and 2. In the second column of estimates by the Paloheimo method., 
the summations are confined to ages 1 and 2 only. 

Table 2. Summary of results in applying two methods of 
estimating natural mottaUty to a theoretical population in 
which !l and M vary. 

Beverlon-Holt Paloheimo Palohetma!! 
Case True Value of Estimate of Estimate of Estimate of 
No. ~ 9 M 9 M 9- M 9. M 

1 1 0.050 0.10 Y Y 0.060 -0.007 0.026 -0.051 
2 0.075 0.10 

3-10 0.100 0.10 

2 1 0..150 0.10 Y Y 0.144 0.155 0.135 0.310 
2 0.125 0.10 

3-10 0.100 0.10 

3 1 0.10 0.10 0.10 0.140 0.089 0.287 0.140 0.145 
2 0.10 0.20 

3-10 0.10 0.40 

4 1 0.10 0.40 0.10 0.310 0.112 0.157 0.102 0.300 
2 0.10 0.20 

3-10 0.10 0.10 

1/ Summation restricted to ages 1 and 2 only. 
2/ Negative regression slope in first iteration. 
y Iterations fail to converge. 

Discussion 

The principle underlying both the Beverton and Holt and the Paloheimo 
methods of estimating natural mortality is that the total mortality coefficient, Z is a 
linear function of!... the fishing instenslty: 

Z=qf+M (1) 

The methods differ in the manner of estimating Z. 

05 
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To understand why the two method~, both valid in principle, produce dif
ferent results in practice. to assess their comparative virtues, and to appreciate how the 
combined use of both methods is useful in indicating trends in M and !l which might other
wise not be detected, we shall review their derivations and, in particular. the aSBumptions 
on which their application is based. 

The Beverton and Holt Method 

From Bevertan and Holt (1957. equation 13.2, p. 17~) we have the mean 
abundance of a year class in year 1: 

Ni = Ni (1 _ e-(F + Mh) (2) 
(F + M)i 

and for the same year class in year i + 1: 

Ni + 1 = Ni + 1 (1 _ e -(F + Mh + 1) (3) 

(F + M)i + 1 

At this point, it simplifies the notation considerably if we face the fact that. 
at our present stage of lmowledge and for all practical applications, we must assume that 
.9.. and M are the same between two successive years for a year class (Beverton and Holt 
method) or that they are the same over the period of summation (Paloheimo method). It 
is true that .9. and M could be assumed to vary from one year to the next. but this presumes 
more lmowledge than we actually have. Paloheimo (1958) states: "The catchability co
effioient. qi' in the above oould be assumed to vary not only with age but also with effort 
and with changing hydrographic conditions. . . We leave. however. these possibilities 
as special cases and shall not consider them here. II For present purposes I we shall specify 
this constanoy by omitt1ng the subscript.!.. from .!l and M. 

From equation (1) we substitute.!IL for F in equations (2) and (3). To obtain 
the ratio of the mean abundance between years i and i + 1, we divide equation (2) by equa
tion (3) and, after taking logarithms of both sides for simplification, we obtain: !I 

1/ We point out that log x/y = -log y Ix. Some authors insist on writing 
the first term of the Beverton and Holt equation (4) as -logN'i + 1. Mathe
matically, this is unimportant. In actual computations, ""N{ 
however, clerks (and mathematicians) will find it much easier to look up 
the lOgarithm of 2.00, say rather than -lOgarithm of 0.50. 

(4) 

An example of the computational method used in applying (4) is given by 
Taylor (1958). 

The Paloheimo Method 

The similarity of the Paloheimo method to the Beverton and Holt metbod 
is best indicated by starting with the following equation (Paloheimo, 1958, equation 9): 

logL= qf+ M 

Ni + 1 

(5) 

where Ni and Ni + 1 are numbers of fish of a year class at the beginnings of years 1. and 
i+1. 

06 
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The actual mathematical procedures in estimating the N' s in equation (5) tend to be obscured by a serIes of substitutions. It Is, however, essential to the proper understanding of equation (5) to write it without BWJ8titutiOnal steps. We ~ve. then: 

(6) 

where "J. = FI + MI • SUbstituting qfl for F! ODd M for Mlo 
FI -

"I = ~ • so that equation (6) JJlJlY be written. 
qfl 

~ (qft+M» ~ 
I:( qft )CI 

~. (~ 

1 _ e -I:(qfl + M) 

In the same way, we have: 

(8) 

Bubetltntlng equations (7) and (8) for Nj ODd N! + lin equation (6). we derive. 

~ 
_ e...I:(qfl + 1 + M) ] + log 

1 _ e -l:(qfl + M) (9) 

Btndy of equation (9) ODd comparison of it to equation (4) are worthwhile because all the computational procedures are evident. 

We note, for example, from the first term on the right hand side of (9). that we are not escaping, in any Bensflt, from dealing with the "variability ad inacaul:acy" of annual catch per unit of flsbing intensity data for eaoh age. Further. we see that the second term on the rigbt bIUId s!de of equation (9) 1. a oorrection term in the same senae as the corr.ponding term in equation (4). 

One further very Important matter Is revealed by writing (9) in the following manner. 

+ log . t1 -e-I:(qfj + 1 + M) ] 

1 - e-I:[qfj + M) (10) 

where the subscript n denotes the age of the youngest fish included in the data. (Note 
that I:alCI - "nCn + I:aj + 1 CI + 1)' 

We shail refer to equation (10) later in interpreting the high correiatlOll between Z and!. which apparently result. in using the Palohe!mo method. 
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CompariSon of Assumptions 

Since both the Beverton and Holt and the Palohelmo methods of estimating natural mortality are based on the same population model, the broad assumptions underlying them are oommon. 

In 'both methods, it is necessary to assume that g, and M: are the same at oorresponding agea. More precisely I it is assumed that at any given age, variations in !l and M are normally cUstrlbuted about a stable mean. 

In ualng equat1on~4) it ia necessary to assume that!l and M are the same at two sucoessive ages of a year clas8. Thus. it is assumed that .!l and. M are the same at ages 3 and 4. say I or at ages 4: and 5. It 1s never neoessary to assume that .!l and M are the same at ages 3 and 5, ilpwever. This is an Important dlfferenoe between this method and the Palohelmo method. 

Palohelmo (1958, p. 750) states that It Is necessary to assume that!l and M are the aame at oorrelponding agea for all year ola •• e.. Laoking lpeclfio information, however, on the variation of!l and M with age (In whloh oase methods of estimating would not be needed), it Is necessary to assume that !l and M are the sl.D1!' .!!Y!!!..!!!!' !!.!!!! periods ~ summation. Thia acoounts, of oourse, for the bias seen in Table 2, Cases 3 and 4. The estimatel of!l and M are weighted by event. ooourring at ages 8 to 10. The Beverton and Holt method, being oonflned to data at ages 1 aod 2 only, estimates valuss intermediate between the true values for Case. 3 and 4 at ages 1 and 2, as doe. the PaJohelmo method when summation I. re.trloted to age. 1 and 2. 
i 

Validity of the Correlstion Coefficient 

Palohelmo (1958) statal: "It I. worth whUe to summarize by noting that In the example worked out the oorrelatlon ooefficlent rt. f betweeD the total Instaotaoeoua mortality rate at age 9 and effort I. 0.815 when all avaUabie data 1a used and 10 0.844 when data on oatohel only at ages 9 and 10 are used. The oorre.pnndlng value of rs.f when the Beverton and Holt method I. applied was oaloulated to be 0.51. The Inorease In the amOWlt of information u.ed appear. to bring about a remarkable Increase In the accuraOy of estimation. " 

We feel obliged to show that the higher oorrelatlon betweel1 Z and f obtained In using the Palohelmo method re.ulta from a perfectly legitimate mathematloal IIep In the oOlr\PlllationaJ procedure used In .olvlng equation (5), whloh .top, however, readers the oorrelation ooeffiolent an Inappropriate meaeure of accuracy and the reSUlting oorrelatlon ooefflolent spurious. 

Referring to equation (10), we note that the varlable.96orrelated are f1 on the leA hand side against Zi, the value of the eDtlre right hand eide. We alao note that the lecond term on the right hand Bide teede to a conetaot value. eapecially If a~tIoa8 are reetrloted to equal perlode of time. It has the effect of ad4Ing a oonetant value and therefore little, or no Influence on the degree of correlation. We further note that the addIUon of 1 to the fraotlon Inalde the brackets of the first term on the right hand aida of (10) also will have no effect on the degree of oorrelation. (It 10 staodard praotIoe, when dealing with zero values In a oorrelatlon Involvlng logarithm., to add 1 to all the observations.) We are left then with: 

qr" + M a log [cnh (qfn + M) ] 

1114'++/l (qfl + 1 + M) (11) 
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Let us write (11) as: 

f!~ ] 
qr., + M a log (qr., + M) + log [cnfin. ~ 

J; ~ Ii+ 1) (qfi + 1 + Mj (12) 

Now since qf + M takes small values. generally much les8 than 3, the log (qf + M) is almost a linear function of f. It is, therefore, very nearly perfectly correlated with fJ.. (The correlation between fi and log (qfi + M), using the data in Paloheimo' s (1958) Tables I and n is 0.987). It is, moreover. a very substantial part of the total value of the right hand Bide of (12). 

It i8 clear, therefore, that even if the second term on the right hand side of (12) were a random variable I we should expect Bome correlation with f because we are always adding to it a value which is a function of !... -
The relations indicated in (11) and (12) cut directly to the heart of the matter, but if they are not clear, it Is easy to verify them by using the data from Paloheimo' 8 (1958) Tables I and D. Omitting (qfi + M) from equation (9), we find the correlation between f and Z to be 0.51, or about the same as that found by Paloheimo when applying the Bevert'OO. and Holt method to his data. If this is not omitted, the correlation coefficient is 0.83. 

The Problem of Undetected Trends 

The scope of this ~stlldy is limited to four cases in which either q or M varies while the other is held constant. Preliminary work only has been done on four additional cases where .9. and M increase or decrease together or oppositely. 

The results summarized in Table II suggest that Wlder oertain conditions at least trends in.9. or M may be deteotable. Perhaps the first oonolusion ode would draw is that when estimates obtained by the two methods do not agree I the disorepancies are due to trends in .!l or M. 

The negative slope obtained by the Beverton and Holt method in Case 1 results from the fact that the oatches per day at age 1 are either less than at age 2 (at 3,000 days' fishing) or about the Bame (at 6,000 days' fishing). Under such clrcnmstances, one would conclude that the fish either are not fully recruited or fully available at age one, and that the method is not applicable. On the other hand, the Paloheimo method, because of the summations. always estimates a larger population at age 1 than at age 2 if there has been any catch at all at age 1. The method "works'! even though the resulting estimates are biased. 

We are impressed by the fact that the Paloheimo method results in good estimates of.9. at age 1 in Cases 1 and 2. We find, further J that summing back to ages 2 and 3 from age 10 for the same data gives a good estimate of.9. at age 2. If we ignore the biased estimates of M which are obtained in this procedure. repeat the iteration for the age 1 and 2 summations holding!1. constant at its estimated value at age 1 and 2 J we quickly converge on an excellent value of M. 

The results obtained by the two methods in Cases 3 and 4 are particularly interesting. Very good estimates of!l are obtained by both procedures. The Beverton and Holt method. because it is applied to data for the first two years only, gives an average value of M which we consider quite superior to the underestimation or oV',erestimation resulting from the Paloheimo method. 

D9 



- 23 -

On first inspection. it appeared that one might obtain a superior estimate 
of M in Cases 3 and 4 by using values of.9.. obtained by the Beverton and Holt method and 
using these estimates as constants in the paloheimo method. We found, however, that 
this procedure results in an estimate of M very nearly the same as that obtained by the 
Beverton and Holt method. 

When the summations in the Paloheimo method are restricted to ages 1 
and 2. the results in Cases 3 and 4 are very nearly the same as those obtained by the 
Beverton and Holt method, as one might expect. The estimate of S is good and an inter
mediate value of M is obtained. We have already shown that the higher correlation ob
tained with the Palohe1mo method between Z and f 1s spuriouB. This should be rather 
obviOUS since the data actually put into the equations is the same in both cases. 

Summary 

Four cases are examined in which either .!l or M increases or decreases 
while the other is held constant: 

~. 

~. 

Case 4. 

When.9. is increasing from ages 1 to 3 and M is constant, the Beverton 
and Holt method faUs to estimate !l or M. The Paloheimo method glves 
a good approximation of S. but underestimates the value of M. 

When.9. is decreasing from ages 1 to 3 and M is constant, the Beverton 
and Holt method faDs to converge for the particular values used. The 
Paloheimo method gives a good approximation of S. but overestimates M. 

When S. is held constant and M increases between ages 1 and 3. the 
Beverton and Holt method estimates .!l accurately and estimates an! average 
value of M. The Paloheimo method gives a good estimate of.9.: but over
estimates M. 

When S is held oonstant and M decreases between ages 1 and 3 J the 
Beverton and Holt method estimates .!l precisely and estimates ~ inter
mediate value of M. The Paloheimo method gives a 'good estimate of.!l but 
underestimates M. 

It is shown that the higher correlation between the total mortality co
efficient, Z. and the fishing intensity, f, must not be interpreted as a superiority of 
the Paloheimo method. 

It is pointed out that discrepancies in results in applying the Beverton 
and Holt and the Paloheimo methods to the same data are indicative of undetected trends 
in .9.. or M. Under such conditions and in the cases examined, both methods appear to 
give good estimates of.9". The Bevarton and Holt method gives intermediate values of 
M while the Paloheimo method tends to under or overestimate M. 
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APPENDIX V 

Method for measuring benefits of the Georges Bank mesh regulation 

by 

L.M. Dickie 

It Is Impcrtant that we should be familiar with the propcsals for measuring 
benefit from the Georges Bank mesh regulation which were proposed by Holt as Document 
31. ICNAF Annual Meeting, 1958. Thle note Is drawn up with the limitations of the method 
most In mind. primarily because a lack of general understanding of the method at the time 
of its initial presentation may have falsely raised hopes that we could circumvent the dif
ficulties encountered in previous attempts at analysis. It appears that Holt was proposing 
answers to a different set of questions than those we have been hoping to answer. 

In understanding the basis for his "method", one point of notation may 
help to clear up difficulties, i.e., the symbols 

l-e -F ~ the annual propcrtlon dying (mortality) due to flehlng 

e-F = the annual survival after fishing 

e+F = 1 = the annual new survival as a result of a cessation in 
;:F fishing (like saying "There was 120% survival".) 

eF -1 = 1 - 1 a the annual fraction of fish saved by cessation of 
;:F fishing (like saying "Survival has Improved by 20%".) 

If F ~ .10 

e-F = .9048 

e¥' = 1.1052=_1_ 
.9048 

Holt' 8 derivation states: 

( 1) 

where tl and t2 are the ages at which 50% of fish are taken by the small and large mesh, 

2Y Is the fraotion of the old total yield which was taken from age t2 on, and 1 y ::. the 

fraction of the old total yield taken between age tl and t2' If benefit Is nil 

2y(eF -1) ~ lY (2) 

That 1s there is no benefit if the increased survival of fish due to decreased fishing, 
expressed as a fPRCtion of the former total yield which will be made with the larger 
mesh, is not gre.ter tha.n the fraction of the old yield made up of sizes between the 
two mesh sizes (assumJng no ohange in F with ohange in mesh size). 
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Put iis.'these terms, Holt's "methodlt of detecting (or perhaps better 
"pr~tIng") a benefit Is a neat algebralo transformation showing that a benefit IDII8t 
theoretically occur If the old fllhlng mortality at size. between the old and new melh 
50% .electlon pointe ha. a partloular relation to the yield that used to be made from 
.Ize. above and below the propo.ed new mesh. Speotfically. It Is a .Impllfled .tete
IIUIIlt of the implication. of the Beverton and Holt model that we used for .electlng 
meab .Ize initially. It therefore oan be used to measure benefit only provided that the 
as.Umptlons we made in the initial prediCtion do in fact still hold. 

It seems to me that this is not the problem tbat we have been trying to 
solve. Our primary concern has been to measure the change in yield precisely enough 
80 that we can say whether it has fitted predict1~i if 80, why? if not, why not? That 
is, we can detect certain changes in fishing practice and in yield. To date. most of 
these have worked to the advantage of the fishery in apparently Increased yield. The 
problem is to ascribe the proper part of the increase to the mesh regulation. an ap:,:" .. 
proach which Implies thet we are trying to prove the applicability of our model and the 
parameters used in It. rather than elmply accepting the model and measuring yield. 

In relation to this central problem Holt' 8 method Ieavea us precisely 
where we have always heEll. That 18, Holt's formulation offers two sources of data for 
precise measurement of yield: 

(1) Tbe long-term average yield above and below the proposed 
new mesh size. This Is implied by bio equation for 2 Y 1 and 
2 Y on the bottom of page 1. Document 31. with aufflolent 
years Included .0 that .... rtatlon. In R. the recruitment. 
average out. 

(2) The yield from year-clus8s of known Size, i. e., the same 
equations oalculated for known R. 

These alternative. will be recognized as precisely tho.e already sug
gested. The first was proposed by Graham (1952). and the second has been under dis
cussion by Palohelmo and Taylor. Holt'. method therefore suffers the same defI
olencle. as these do in giving fully satisfactory answer •• 

Any formulation may therefore be used to measure benefit, provided we 
can accept the sweeping assumptioD. made In the InItlsl prediction. If we really wish / 
to test the resulte. however. we IDII8t delve Into the as.umptlons far more deeply than 
I •• _sted by Holt'. formulation; or at least examine the error. In the data to IIatI8fy 
ourselves that any sucb refined proof I. Impo •• lble. For these purpo .... Holt'. <Docu-
ment 31) method I. Ie •• satisfactory than tho.e ourrently under study. 

A partloular weakne •• of Document 311. that It neBlecte any ohange In 
F. ooncomltant with the change in mesh .Ize. This must be considered as part of the 
result of meab .Ize. and means that one cannot Identify lY and 2Y before mesh change 
with 1y1 and 211 afler the me.h ohange. U F !ncre.ses without. mesh .Ize ohange. It 
will generally Increase 1yat the expense of 2Y' In equation (2). as 1Y approaches 21 in 
size t an. increase in F can decrease expected yield 21 appreciably or even nulUfy bene
fit and OBuse a decrease rather than the anticipated Increase: 

In addition to tha as.umptlons which on page 2 of Document 31 Holt .ays 
are imp1led by hi. equation. It abould be noted that the "method" require. that there 
be DO ohange In recruitment a. a result of the regulation. and no change in growth rate 
from any oause whatever. Tbese requlremente apply equally to Holt'. and to other 
methode. but .hould be specifically noted as the equation tendo to draw attention away 
from them by requiring measurement only of yields and of fishing mortalities between 
the two mesh sizes. 
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In view of the foregoing I it appears that Holtl 8 proposal Is not a 
1Iwt1-out 80luticm to the problema we have enoountered during the Georges BaDk 
analY8is. because we do not yet have sufficient aSBurance that the estimates of 
parameters ODd assumptions used In our predictive models stm apply tc the f!aher7. 
It may prove to be a useful approach when we have proceeded further with our refIDad 
analysis of past data t and have made any revisions which our current biological BttIdIM 
... at are necessary. 
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APPENDIX VI 

Effects of possible mistakes in age determination on age-composition 
and mortalIty estimates for Georges Bank haddock 

by 

L.M. Dickie 

Problem: To find out whether or not mistakes in Bcale-read. age determination 
can account for apparent levelling of abundance of year -classes with 
age in Georges Bank haddock, and what effect such errors have on 
mortality rates. 

Background: Year-<>iasses 1948, 1950 and 1952 of Georges bsddook appeared large 
while 1947,1949,1951 and 1953 appeared small, according to their relative abun
dance in catches as 2-year-olds. The attached Figure 1 plotted from Taylor' B P. 
27 (1957) shows that the ratio of abundance at age 2 was roughly 5 to 1. However, 
by the time each year--class was 7 years of age the initial differences in abundance 
had disappeared. J.R" Clark in personal communications has suggested that this 
may result from mistakes :In age determinatl(J1s which, in addition to distortion of 
age-olass abundanoe, may also result in errors in estimates of mortalIty rates. 

In treatJng this problem algebraically. Gulland (1955) suggests that a 
decided distortion of age-alasses. which results from mistakes in age-readings. 
does not necessarily lead to mistakes in mortality rates unless the amount of error 
In reading changes markedly from age to age. 

Plan: In the following account I bave used the variation In age determination shown by 
--Kohler aod Clark (1958) and other data on the fishery to construct a simplified 

model of a population like that of Georges Bank baddock. The resulting distortion 
:In age composition is illustrated. in Figure 2. Mortality rates may be more or 
less distorted. depending on the type of calculation used. 

Errors in Aging: Kohler and Clark show the degree of variation in determination of age 
by scales and otolltha for SUbarea 5 bsddock on the basis of nearly 500 duplicate 
readings ranging from 2 to 9 years of age. They conclude that there is no bias to
ward higher or lower age readings by either soales or otoliths. up to about age 8. 
We may therefore expect that at any one otolith age between 2 and 8 the distribution 
In ages assigned by scales gives a reasonably good estimate of the distribution of 
actual scale reading errors at that age. At 8 and above, the distribution of assigned 
ages cannot be as accurately assigned to a particular true age. but numbers above 
this are negligible In the fishing anyway. 

Table I is constructed from Kohler and Clarki 8 Table II. 

In the following model the distribution for ages 2 and 3 Is taken directly 
from Table 1. The average for ages 4-7 is used for errorS at each of these ages I 
and the average for 8-9 tbereafter. 

The Model 

Recruitment, We assuple ~i recI1litment in alternate years varie8 in the ratio 
5:1 as in Georges Bank hadqpck. In odd years recruits number 100 J in even years 
500. 
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Mortality: The mortality rates are given by Taylor (1958) as approximately 

F = 0.40 M = 0.20 

•• • survival rate e-F+M = e-0•60 = 0.55 per year. 

To simplify calculations we assume survival remains 
constant from year to year and age to age. 

Annual Abundance: aNt = true abundance of age a at time t 

aNt a a-~t-1 e-{F+M) (F+M constant at all t) 

aMt = apparent abundance of age a at time t 

a~::' a+2Pn-2 a+2Nt+a+lPn-l a+lNt+aPn aNt+a-lPn+l a-lNt+a+2Pn-2 a+2Nt 

where aPn is the proportion of animals aged "a" which are oorrectly aged, 

a+lPn-l is the proportion of animals aged lIa+1" which were incorrectly 

identified 8S one year younger than they were, etc •• and values for different 

p come from Table ~. 

Table I. Distribution of otoUth- and Bcale-read. ages. 

otolith !!S!! Numbers assiS!!ed bl scale examination to !I! 
n n-2 n-1 n n+1 n+2 Total 

2 75 7 82 
3 4 15 8 3 30 
4 14 76 17 2 109 
5 5 19 123 10 2 159 
6 1 9 9 5 5 29 
7 1 14 21 10 46 
8 3 8 9 1 1 22 
9 5 7 3 15 

492 

n Pn-2 
Fraction aS8!eed to each !:I! 
Pn~l Pn Pn+1 Pn+2 

2 0 0 .91 .09 0 1.00 
3 0 .13 .50 .27 .10 1.00 
4 0 .13 .70 .16 .01 1.00 
5 .03 .13 .77 .06 .01 1.00 
6 .04 .3l .31 .17 .17 1.00 
7 .02 .30 .46 .22 0 1.00 
8 .14 ,37 ,41 .04 .04 1.00 
9 .33 .47 .20 0 0 1.00 

Adjusted. unwelghted 
average --
ages 4-7 ,03 .21 .55 .15 .06 1.00 

ages 8-9 ,23 .39 .30 .04 .04 1.00 
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Table D. Model showing effects of mistake. In age detsrmlDatiOll 011 .... dlatrtluticJll 
and mortalities In fluctuating &took ahwIdaDoe, 

0lIl 'IIoIJII 
'I_ 
olau -

2 
3 
• S 
6 
7 
8 
9 

10 

2 
3 
• 5 
6 
7 
8 
9 

10 
total 

2 
3 
• , 
6 
7 
8 

~ 

2 
3 
• S 
6 
7 
8 
9 

10 
W 

SUppoo. In Odd )'IIara recruitment - 100 
II uEwn It .. • aoo 

M - 0.20 
F - 0.40 .kF+M) _ e-O.80 _ 0.88 _ AmI. llllrvlval 

.,., _ .. (leVi"." ... 

1,,9 1,,8 1,,1 woO 

Il1O 
2'/5 

30 •• cl· III • Z·l 
83 o r9 ••••• ,.2 

9 
25 .~ 3 

8 

1 
1 

Il1O I 2'/J 

91 9 
36 138 7' 2'/ 
1 6 16 5 2 

3 17 " 12 5 r . l!§ ••••• ~l 
2 5 2 o ,..9 ••••• ,.2 
1 5 n • 1 

1 1 1 .~ 
2 3 2 1 S32 

~~~'"'-li 
1 

.z. -'!. 

,Il1O I •• 
55 • 'ItO .-

151 
17 8 .m·e 

" m. 790 
S 

" iI-. o•is 2· 
. • 1 .H 2 

""" 
'JIII' ..... 4bbl_U. 

'ISS .s -! 'M 7 28 15 S 
• 32 83 23 9 

1 • ; 3 8 • '106 • 323 
1 10 25 ? 3 S32 • 793 

1 3 1 
3 6 • 1 .~. OSS 1 1 

.- 1 2 1 
.Jli J!I. • .1. 
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Ai! dlstrl!5lOD: Table II .bows the hal_ed true IUId appareot age d1strIbut!ons for odd J81U'. when reol'llitm_ 18 100 _ for ........ J81U'. when It 18 500 alter the al_ of atroDg &lid weak olasse. has been golllg on In the fl8l&ery for 9 &lid 10 J81U'a. Figure 2 IDustrate. the results grapJdoaUy. IUId al&ow. the degree of distortion wl&lnl& takea plaoe. 

MortaUt:lI III oalo1Ilatlng effects on mortality, we may use Jaakson'. (1939) . JD8IIIod. 

)'+8 ~'l+'l + ••• + I • S. aurvlval rate _ e-{F+M) 
,..9+,..8 + ... +,..1 

pro1'ided we adcI the distrlbdtioD OYer the two..,.... OJOle of reo __ 11_0118 
(I.e •• a .... rage So &lid Se. the 8\ll"VIwl ratsa for odd IUId even J81U'.). 

8

t 

_ (275 + 30 + ••• + 1) + ( 65 + 151 + ••• + 4) _ =:-;_ 
~ (100 + 275 + ... + 8) + (600 + 55 + ... + 2) 

• ..l!!.. Q,.55 (as used for the model) 1323 

For the popIIlatiOD e&JDple (appar_ popWatlon) 

:-:-~=--:--.... -:-~. 408 + 323 
532 + 593 

• 7'28. 0.55 
'ii25 

III the 1III!l)'llis of George. _ IUId other reoent data, 1&oweYer. we are UDable to use aD 0vera1l average _ .. 18 given by JaaksOll'. method. TI&e approaah I. 
ntIIer to ~ the str..,gtla of a J81U'-olas. at the begfnnlng of two """ces.l .... )'liar •• IUId to average results over a .erl .. of OC-"IsODB. Table m abow. the IIU1'Y1wl rato est!metea wl&lnh wID be 0_ uslllg ibis type of OCmplltaUOIl. 

Table m. AppInmt mortalltl .. from .lIIgle age-<llass comparisons when there ha .... 
been IIIIIstakes In age readfngs -- for data see Table II. 

Strs Year-Clas ... Weak Yesr-Cla.se. 
Age~OIl Appo>:8IIt raUo Appar8llt Apparent ratio Apparent 

of In!tIal BUl'V!,iral of lnIUal lIurvival 
a)wndnoe rate ablmdaDce rate 

1-1I~) 168/488 0.34 108/138 0.83 2-3 103/138 0.88 107/108 1.01 3 -4 81/103 0.79 47/107 0.44 <I -5 41/81 0.51 211/47 0.63 S -8 24/41 0.59 18/1a 0.84 8 -7 10/34 0.<12 S/16 0.60 7-S a/10 o.ao <I/S 0.60 

Average 0.52 0.84 Of.all avenae 0,&8 
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1) The apparent changes in the relative strengths of year-classes 
of haddock with age may be due entirely to mistakes in age 
readings. 

2) Distortions in age composition will Dot affect the overall esti
mates of survival (or mortality) rates, provided we use averages 
of a suffioiently long series of data and combine information over 
several cycles of strong and weak ye8JJ'-classes as was suggested 
by Gulland (1955). 

In the actual analysis I however I averages are taken over varying periods 
of time and different age groups. It is' obvious that in such a situation serious er
rors in the estimation of mortalities and year-clasB strengths could arise. 

It appears that Bome correction for mistakes in age reading is essential 
at an early stage in the analysis. especially of incomplete data. 

Addendum: It may be a relatively simple task to reconstruct an accurate age frequenoy 
diagram for Georges Bank haddock from available data. Suppose we wish to calcu
late 

iN for "a" when "y" is a strong year-class following y-~N 

which was a weak year-olass. such that 

YN . y-1N . . 5 . 1 a . a .. . 

Since YN
t 

= YN e-(Ft_1~ "\-1) 
a a-1 t-1 

Then at ~ years of age 

~ YM y-1 -(F+M) ff>It = 2i'n 2'"'t + 3Pn-1 2Nt-1 (e ) 

= (0.91x5) + (0.13x1xO.55) 

4.55 + 0.07 4.62 

0.98 + 0.02 = 1.00 

Therefore. at 2 years of age the contribution made by the older year-clas8 to the 
apparent relative abundance is only about 2%. negligible in comparison with other 
errors. The second term of the equation may be dropped and 

~Mt = 2i'n ~t for this particular situation. 

The true abundance 

~Nt = 2k ~Mt = N1 

Since the "true" total mortality rate may be obtained from an overall average 01 
the distorted age distribution ur t\Ie lnItisl relative abundance obtained as given 
here J we may use these data together with Table I to calculate true age distr1ba.
tlons. 

i.e. YN - N .-(F+M) 
3 t+1 1 For the next year-class (y-1) 
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entering at age 2 

Y-~NI+1 = ~ (Y-~MI - 3Pn -1 ;Nt+1) 

This may be checked with the sampled number at age 3 in year t+ 1 

YN - _1_ (YM . y-1N Y+1N ) 
3 1+1 -:lPn 3-·,+1 - 2Pn+1 2 1+1- 4>'n-1 4 1+1 

in which the last term. may be omitted as negligible as in the case above. 

etc. 
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Figure 1. Relative strength of successive year--classes of Georges Bank haddock. 
(Data from Taylor, P. 27 (1957)). 
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ODD YEARS EVEN YEARS 

500 I- ~ 

True Age 
400 c.. Distribution 

300 - ~ -
200 

-
100 - r-

~~ -
~ 

Sample Age 

500 - Distribution 

-
400 - -

300 -

200 -

100 
r--

f-r-~ 

f-h 
I 

2 4 6 8 10 2 4 6 8 10 

Figure 2. The age composition of a stock in odd SJ1d even numbered years, having 
recruitment at age 2 oscUlating from 100 in odd years to 500 In even years. 
and distortions Introduced by mistakes In age resdiDg of the samples. (Note 
resemblance of lower left to Fig. 6 of Graham, 1952, even though recruit
ment I. oomplete at age 2 In the model.) 
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APPENDIX VII 

ICNAF MESH REGULATION 
OPERATION OF 10% ANNUAL EXEMPTION 

October 1, 1957, through September 30, 1958 

The United States Bureau of Commercial Fisheries. Fish and Wildlife Service, issued 27 exemption certificates to U.S. vessels during the one-year period. The certificates were issued by months as follows: 

Month Certificates 

October 1957 6 
November 3 
December 2 
January 1958 4 
February 7 
March 2 
April 1 
May 1 
August 1 

The tonnage classes of the vessels are as follows: 

Gross Tons £!!!!. Number of vessels 

0- 25 OTS 1 
26 - 50 OTS 4 
51 - 100 OTM 12 

101 - 150 OTM 2 
151 - 200 OTL 7 

Over 200 OTL 1 
27 

The twenty-seven (27) vasselslanded a total of 23,178,654 pounds of fish from ICNAF Suharea 5 on 628 trips. . 

Analysis of these landings shows 2,452,737 pounds of haddock landed on 534 trips, with a range of landings psr trip from 15 to 113,000 pounds. There were 147 trips with more than 5,000 pounds and more than 10% haddock. 

Cod landjngs were made on 539 trips to ICNAF Subarea 5, with a total catch of 470,953 pounds. The cod landings range from 10 to 20,650 pounds. Only 15 trips had more than 5,000 pounds and over 10% cod. 

The principal species landed by the exempted vessels during the period was redfish. A total catch of 7 . 333 I 365 pounds was landed from Subarea 5 I representing the 265 trips on which this species was caught. This leaves 363 trips (total 628) on which no redfish was taken. 

Other species oaught by the exempted vessels included halibut, white hake, cusk, pollock, flounder8, and whiting (silver hake). Total catch of these species amounted to 12,921 1 329 pounds. 
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Age- and Length-Compo81t1on of Cod <'Qa~.!!.8_c~la.!!!!!...L.) caught In Suharea 4 In 1956-58 

(Preliminary Report) 

by 

Marlo Rulvo and GlIclnia V. Quartln 

Samples of cod have been taken since 1956 from portuguese trawlers fishing 
in Subarea 4, especially in the Su1xUvisions 4R and 4T (Gulf of St. Lawrence). 

The cod-end mesh size of the trawls used has been around 117 mm. 

In 1956 the samples were taken from the marketable fish, i.e. after discard, 
in 1957 and 1958 from the cod as caught, i.e. before discard. 

Tables 1-3 give the position of each sample and the kind of observations 
made. 

In order to facilitate the study related samples were grouped by subdivisions 
and months (Tables 4-6). 

The results obtained as far as size- and age-composition and sex-ratio are 
concerned are summarized in Tables 7-15. 

The results arecirculated in the present more preliminary form for informa
tion and discuSSion. A more detailed report will be presented at the 1959 Annual Meeting 
of ICNAF. 
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Table 1. At-sea-samples of cod caught by trawl in 1956. 

INDICATE BELOW OBSERVATIONS MADE 

48·10' N 

~ .. ~ 
OC) . ., 
o~ 
z'" 

1 27-m-56 4R 59'40'W 125 
47°43' N 

2 30-m-56 4R 59'30' W 75 
47°59' N 

3 31-m-56 4R 59'31' W 100 
47°59' N 

5 

6 

7 

8 

1-IV-56 4R 59'31'W 62 
46°25'N 

3-IV-56 4V 59'20'W 125 
46°20' N 

4-IV-56 4V 59'22' W 100 
46°38'N 

6-IV-56 4V 59'35'W 125 
46°35' N 

7-IV-56 4V 59'25'W 200 
47'10' N 

9 16-IV-56 4T 60'16' W 300 
47°16,' N 

10 17-IV-56 4T 60'17'W 150 
47·10' N 

11 18-IV-56 4T 60'15' W 
47°30' N 

75 

12 19-IV-56 4T 60'28' W 300 
47°40'N 

13 20-IV-56 4T 60'35'W 125 
47°36 1 N 

14 2I-IV -56 4T 60'35' W 25 
47°52' N 

15 22-IV-56 4S 60'38' W 300 
48°05'N 

16 28-m-56 4R 59'45'W 277 

+ + + 

+ + + + 

+ + + 

+ + + 

+ + + 

+ + + + 

+ + + 

+ + 

+ + 

+ + + 

+ + + + 

+ + 

+ + + 

+ + + + 

+ + 

+ + 

TABLE 2 - 1957 
46°19' N 

1 18-m-57 4V 58'55' W 100 
4S025'N 

2 20-m-57 4R 59'28'W 100 
48'19' N 

3 22-m-57 4R 59"34' W 100 
47'24'N 

4 25-m-57 4T 60'26' W 100 
47"'l9 1 N 

5 29-m-57 4V 60'13'W 100 
46°16'N 

6 30-m-67 4V 58'56·' W 100 
46·03' N 

7 31-m-57 4V 58'53'W"'360 

E9 

+ + + 

+ + + 

+ + + 

+ + + 

+ + 

OT 
(100) 

OT 

OT 

OT 
OT 

(100) 

OT 
OT 

(100) 

OT 
(100) 

OT 

OT 
(100) 

OT 

OT 

OT 

OT 

OT 

OT 

OT 

+ + + 

+ + + 

+ + 

+ + + 

+ + + 

+ + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + 

+ + + 

+ + + 

+ + + 

+ + + 

(continued) 



Table 2 (continued) 

8 2-IV-57 4.V 59'SO'W 100 

9 

10 

46°12'N 
5-IV-57 4V 58'50'W 100 

45°59'N 
7-IV-57 4V 58028'W",180 

48007' N 
11 15-IV-57 4I\ 59'20'W 100 

4800S'N 
12 l6-IV-57 4I\ 59'27'W 100 

47"59'N 
13 17-IV-57 4I\ 59°58'W 100 
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+ + + 

+ + 

+ + 

TABLE 3 - 1958 

46°48'N 
1 25-m-58 4V 59°44' W 

46°30'N 
2 26 .. m-58 4V 59"25'W 

480S2'N 
S 27 -m-58 4I\ 59°21' W 

48"32' N 
4 28-m-58 4I\ 59°S6'W 

48019'N 
5 29-m-58 4I\ 59'S4' W 

4S017 , N 

50 

50 

50 

50 

50 

6 SO-m-58 4I\ 59"34' W 100 
48"21' N 

7 Sl-m-58 4I\ 59°S9' W 100 
48°21'N 

8 1-IV-58 4I\ 59"S9' W SOO 
4SOO5'N 

9 2-IV-58 4I\ 59°S8' W 50 

10 

11 

12 

IS 

47°40'N 
3-IV-58 4I\ 59"25'W 50 

48"24' N 
5-IV-58 4I\ 59°45' W 100 

4802l'N 
7-IV-58 4I\ 59°45'W 100 

4Bo39 1 N 
9-IV-58 4I\ 59°40'W 190 

4SOO3'N 
14 ll-IV-58 4T 60°10' W 100 

48012'N 
15 IS-IV-58 4I\ 59"40'W 100 

47°45'N 
16 14-IV-58 4I\ 59"28'W 100 

47°4.2'N 
17 18 -IV -58 4T 60"37' W 100 

47"35'N 
18 20-IV-58 4T 60"32'W 100 

47°04'N 
19 22-IV-58 4V 6O"I0'W 100 

+ + + 

+ + + 

+ + + 

+ + 

+ + + + 

+ + + 

+ + + + 

+ + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + .. 

+ + + 

E 10 

OT + + + 

OT 

OT + + + 

OT + + + 

OT + + + 

OT + + + 

OT + + + 

OT + + + 

OT + + + 

OT + + + 

OT + + + 

OT + + + 

OT + + + 

OT + + + 

OT + + + 

OT + + + 

OT + + + 

OT + + 
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Samele-GrouEs 

sample Sample Subdl- Date 
GrauE: Number vision 

TABLE 4 - 1956 
A 1-2-3-4 4R 27-m/1-IV-56 
B 5-6 4V 3/4-IV-56 
C 7 4V 6-IV-56 
D 10-11-13-14 4T 17-21-IV-56 

TABLE 5 - 1957 
A 3 4R 22-m-57 
B 4 4T 25-m-57 
C 5-6-8-9 4V 29-m/5-IV-57 
D 11-12-13 4R 15-JV /17 -IV-57 

TABLE 6 - 1958 
A 1-2 4V 25/26-m-58 
B 3-5-6-7 4R 27/31-m-58 
C 9-10-11-12-15-16 4R 2/14-IV-58 
D 14-17-18 4T 11/20-JV-58 
E 19 4V 22-JV-58 

Cod. Subarea 4, March -April. Age-distribution. mean lengths and sex ratio, sample-
groups A. B, C, and. D. Subdivisions and numbers investigated in ( ). 

A \4R) B \4Y) C \4Y) D 14T) 
Year- Age- dd,?~ dd,?~ dd~~ dd~,? 
class Group 1333) 1199) 1100) 1298l 

~ m.l. em ~ m.L em % m.l. em ~ m-l. em 

TABLE 7 - 1956 
1953 m 0.5 41.0 

52 IV 1.5 46.4 11.6 46.6 1.0 44.3 
51 V 6.9 47.6 13.1 49.7 1.0 69.0 3.7 55.2 

1950 VI 17.1 52.9 48.7 54.1 25.8 57.2 
49 VII 16.2 56.2 17.1 56.5 1.0 60.0 22.8 60.0 
48 vm 19.5 60.9 3.5 55.0 18.0 76.2 17.1 68.2 
47 IX 15.0 67.1 3.5 68.0 11.0 77.5 16.1 70.7 
46 X 8.1 68.7 1.0 69.0 26.0 83.8 7.1 75.6 

1945 XI 2.1 76.6 8.0 79.1 1.7 75.3 
44 XII 3.0 71.4 14.0 84.7 3.0 77.1 
43 XII1 0.9 75.8 8.0 80.5 1.3 73.5 
42 XIV 4.8 81.6 2.0 83.0 
41 XV 3.0 78.3 0.5 80.0 4.0 80.0 0.3 79.0 

1940 XVI 1.2 81.5 0.5 85.0 6.0 85.0 
39 XVII 0.3 79.0 
38 xvm 0.3 72.0 1.0 89.0 

dd - 45.9% dd - 54.8% dd - 45.0~ dd - 51.7% 
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A 14R! BI4T! C 14Y) D 14R! 
Year- Age- ""~~ ""~~ ""~ ""~ 
Class Group !100) ! 9Bl 139Bl 12991 

% m.l. em % m.l. em % m.l. em % m.l. em 

TABLE B - 1957 
1954 m 0.3 43.0 1.0 32.B 

53 IV 1.0 4B.0 4.1 46.3 3.B 45.5 10.4 41.5 
52 V 6.0 50.B 20.4 50.4 12.1 4B.4 26.B 45.7 
51 VI 11.0 55.4 10.2 54.3 9.0 54.9 17.4 50.2 

1950 VII 30.0 56.8 17.3 60.9 23.9 60.0 17.1 57.9 
49 VIIl 14.0 59.6 13.3 65.9 19.6 65.0 13.7 S·1.4 
4B IX 22.0 63.9 10.2 71.5 7.B 69.5 7.0 67.3 
47 X 10.0 67.3 17 .3 1B.2 7.5 74.4 3.7 71.6 
46 XI 3.0 72.3 4.1 74.5 4.B 77.9 1.7 B2.8 

1945 XII 1.0 58.0 4.B 79.7 0.3 93.0 
44 XI1l 1.0 B6.0 1.3 79.1 0.3 71.0 
43 XIV 0.8 75.3 0.3 n.o 
42 XV 1.0 80.0 2.1 86.0 1.B B6.5 
41 XVI 1.1 76.0 1.3 B9.9 

IlT4U- XVII O.B 92.B 0.3 
39 XVIIl 105.0 
3B XIX 
37 XX 
36 XXI 0.5 87 •. 5 

"" 49.~ dd - 4319% "" - 53.8% d" z 52.2~ 

A 14Y) B 14R! C 14R1 I) 14TI E 14VI 
Year- Age- ""~~ ""~~ "cIW ""~ d"~~ 
Class Graup I 991 1297! 14961 1299! I 991 

% m.l. em % mol. em % ~.1. om % m.l. em % m.l. om 

TABLE 9 - 195B 
1955 m 1.0 39.0 0.3 36.0 0.6 38.0 

54 IV 6.1 44.0 3.7 42.1 B.7 42.B 6.0 41.5 4.0 46.5 
53 V 22.2 4B.2 10.4 4B.3 23.6 4B.4 19.1 49.2 15.2 50.4 
52 VI 20.2 55.6 16.9 50.2 22.B 50,5 20.4 52.6 2B.3 53.4 
51 VII 14.1 61.9 16.2 55.B 13.7 55.7 10.4 57.2 12.1 56.4 

1950 VIIl 13.1 66.4 12.5 60.3 10.3 60.4 18.7 61.8 20.2 62.1 
49 IX B.1 71.0 B.B 63.5 B.3 60.B 10.4 63.2 8.1 66.4 
48 X 6.1 76.9 11.5 67.1 5.6 65.B 7.0 67.4 ·5.1 73.2 
47 XI 3.0 74.7 9.1 71.0 3.4 68.1 4.7 68.2 4.0 66.6 
46 XII 1.0 84.0 2.4 74.7 1.2 71.4 2.0 73.9 2.0 69.5 

1945 XI1l 1.0 71.0 2.0 77.0 0.4 80.5 0.7 6B.0 1.0 84.0 
44 XIV 1.0 80.0 1.4 72.0 0.6 75.0 
43 XV 1.0 88.0 0.3 70.0 0.2 90.0 0.3 68.0 
42 XVI 2.0 78.5 0.7 86.0 0.2 87.0 
41 XVII 1.4 79.4 0.4 82.0 0.3 85.0 

1940 XVIIl 0.3 145( 1) 
39 ~ 0.3 11811! 

de! '= 47 .6~ "" = 49.5~ "" a 49.0% ""'; 50.!!! del =- 48.6i 
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Cod. SUbarea 4. March-April. Size-composition, sample-groups A. B. C, D, and E. 
Subdivisions and numbers in ( ). 

Length A 14R) B 14Y) C 14V) D 14T) Length A 14R) B 14T) C 14Y) D 14R) 
Group % % % % Group % % % % 

em em (100) ( 98) (398) (299) 

TABLE 10 - 1956 TABLE 11 - 1957 
32 32 1.0 
37 37 4.7 
42 2.4 4.5 0.7 42 1.1 3.5 16.0 
47 9.3 17.1 1.0 0.7 47 7.0 10.2 5.5 17.7 
52 17.7 37.7 13.1 52 19.0 20.4 12.1 17.4 
57 17 .7 27.1 23.2 57 25.0 12.2 19.4 15.4 
62 19.2 8.5 3.0 18.8 62 25.0 13.3 17.8 14.4 
67 9.3 2.0 9.0 14.1 67 11.0 6.1 11.6 4.3 
72 6.6 0.5 11.0 11.7 72 7.0 15.3 11.6 4.0 
77 7.8 0.5 18.0 8.4 77 2.0 9.2 7.3 1.7 
82 4.8 1.5 26.0 7.0 82 1.0 7.1 4.0 1.3 
87 3.0 0.5 18.0 1.0 87 2.0 3.1 3.8 0.7 
92 1.2 5.0 1.3 92 2.0 1.0 
97 0.3 7.0 97 2.1 0.3 

102 0.6 2.0 102 0.5 
107 0.5 0.3 
112 
117 0.3 

Length A 14V) B 14R) C 14R) D 14T) E 14Y) 
Group % % % % % 

em I 99) 1297) 1496) 1299) I 99) 

TABLE 12 - 1958 
32 1.0 0.3 
37 3.0 1.4 2.2 2.0 1.0 
42 7.0 6.1 10.3 5.7 2.0 
47 8.1 11.8 22.8 12.0 12.1 
52 17.2 17.8 23.4 23.4 20.2 
57 14.1 16.2 14.1 17.4 25.3 
62 12.2 20.6 14.7 16.4 17.2 
67 15.2 10.8 7.1 13.7 13.1 
72 8.1 5.4 2.0 5.4 5.1 
77 4.0 2.7 1.6 2.0 1.0 
82 5.1 2.7 1.0 0.3 3.0 
87 4.0 3.0 0.6 1.0 
92 1.0 1.0 0.2 
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TABLE 13. Cod. Subarea 4. 1956. Slze-composition and sex ratio of Samples No. 16 -
28 March. Subdivision 4R. No.8 -7 April. 4V. No.9 -16 April. 4T. No. 12 - 19 April. 
and No. 15 - 22 April. 48. 

Length 16 !4R! 8!4V! 9!4Tl 12 !4Tl 15 (48) 
, 

Group Morn- After- Night Morn- After- Morn- 4fter- Night Morn- After- Night Morn- After- Night 
jcm inS noon inS noon inS noon !!!II noon inS noon 

42 2.0 2.0 2.6 3.0 4.0 4.0 1.0 
47 6.1 5.1 5.3 24.0 26.0 3.0 1.0 11.0 1.0 3.0 1.0 
52 6.1 14.3 17.1 26.0 26.0 7.0 7.0 10.0 15.0 17.0 18.0 8.0 2.0 6.0 
67 18.4 14.3 14.5 27.0 27.0 16.0 26.0 24.0 15.0 27.0 17.0 20.0 14.0 12.0 
62 19.4 20.4 10.5 15.0 12.0 15.0 19.0 16.0 18.p 14.0 17.0 16.0 11.0 14.0 
67 8.2 13.3 11.8 3.0 3.0 11.0 18.0 14.0 14.0 9.0 12.0 14.0 12.0 13.0 
72 14.3 17.4 14.5 2.0 2.0 11.0 11.0 13.0 14.0 8.0 16.0 13.0 16.0 14.0 
77 U.2 7.1 7.9 13.0 7.0 4.0 9.0 3.0 7.0 9.0 18.0 13.0 
82 4.1 2.0 6.6 11.0 6.0 10.0 13.0 6.0 7.0 7.0 16.0 8.0 
87 2.0 1.0 9.0 4.0 1.0 1.0 2.0 4.0 6.0 10.0 
92 3.1 1.0 6.6 5.0 3.0 4.0 1.0 1.0 4.0 4.0 7.0 
97 5.1 2.0 

102 
2.6 1.0 l\-0 3.0 

107 1.0 
U2 1.0 

98 98 98 100 100 100 100 100 100 100 100 100 100 100 
%dd 47.0 55.1 62.2 58.0 51.0 51.0 48.0 54.0 49.0 54.0 48.0 44.0 44.0 39.0 

TABLE 14. Cod. Subdivision 4V. 1957. TABLE 15. Cod. SubcUvision 4R. 1958. 
Size~ompoBition and sex-ratio of samples Size-eomposition and sex-ratio of sample 
No.5 - 29 March and No.9 - 5 April. No.4 - 28 March. 

Length 5, 9 Length 4 
Group (135) (135) (184) Group Da;!: Ni!!!!t 

cm Da:.: Ni!!!!! Ni!!!!! em ~147! ~1471 

42 0.6 0.6 B.2 27 1.4 
47 1.1 2.8 29.3 32 0.7 
52 5.6 6.1 28,,3 37 6.8 3.4 
57 20.0 23.8 19,6 42 8.8 6.8 
62 27.2 33.3 10.3 47 9.5 13.6 
67 26,1 17.2 3.3 52 16.3 23.1 72 10.5 6;7 
77 6.1 5.0 57 12.9 5.4 
82 0.6 1.7 1.1 62 20.4 22.4 
87 0.6 1.1 67 \ 9.5 U.6 
92 1.1 0.6 72 6.1 U.6 
97 o 6 1'1 77 4.8 2.0 

68 9 91 82 2.0 
d 50.4 57 49.5 87 0.7 

-00000--
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