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Minutes of December 1958 Meeting

of Scientific Advisers to Panels 4 and 5

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

RECENT ADVANCES IN HADDOCK BIOLOGY
Subarea 5

John B. Colton reported on the results of the Woods Hole Laboratory's larval
fish surveys in the general area of the Gulf of Maine and surrounding banks. The main
and 1956 were in (1) the northeastern part of (.}_eorges 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 drified 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 Plankten 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
concentrated between 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.

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 tow
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 found 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 relation of the abundance and distribu-
tional pattern of young-of-the-year on the hottom 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 Beparable into three major stocks; (1) Browns Bank, (2)
Georges Bank, east; and (3) Georges Bank, west. The haddock in the Bay of Fundy are con-
sidered a mixed group. This breakdown was based on vertebral numbers and tagging re-
turne. The Woods Hole staff has tagged over 2,000 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 Browns-
LaHave 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 Beparate haddock stocks in Subareas 4 and 5,

Subarea 4

The 8t. Andrews group started a survey program on Nova Scotian {Jable 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 ocourred again 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-
'67 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 wae reviewed by Martin and Clark {Appen~
dix I). It was agreed that satisfactory progress was being made and that any difficulties
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, influenced
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 5t. Pierre Bank, and,
although the 1955 year class is dominant on the Grand Bank, it is actually relatively poor.
The dispersal of moderate year ciasses of haddock in Subarea 3 in the summer months is so
extreme as to make fishing unprofitable at this time.

Menagement of the Haddock Fisherles

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 suggestion
of a 2-year cycle of abundance was a feature of the haddock fishery from 1947 to 1952, How-—
ever, this patiernhasbroken dewn 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 dis-
cussion of the importance of knowledge regarding the factors that affect fish populations. For
effective management the biclogist has 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 infiuence
of fishing on the biglogy 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 fishee, especially haddock. It was recommended that an ad hoc committee be set up to
conslder methods of studying the effects of environment and fishing on recruitment especially
of haddock. Taylor (Chairman), Dickie, Hodder, and Walford were appointed and instructed
to report back at the June meeting.

Effecta of Repulation

Taylor presented a paper on "Recent Variations in Haddock Growth', Appen-
dix III, 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 ancther on Georges Bank.
It was agreed that growth rate work is basic to the atudy of the effects of regulation and should
be continued.

Taylor presented a paper on "Some Effects of Undetected Trends inEstimating
Mortality Coefficients," Taylor and Oberacker, Appendix IV, which assessed the usefulness
under various circumstances of the 2 methods (Beverton and Hoit, and Paloheimo) in estima-
ting the values of catchability (g} and mortality (M).

Dickie reviewed Holt' 2 method {Appendix V) for estimating benefits of a mesh
regulation and pointed cut that the methed 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, '"Effects of Possible Mistakes in Age De-
termination on Age-Composition and Mortality Estimates for Georges Bank Haddock," Ap-
pendix VI, in which he showed that errors in age determination could lead ic 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 vear classes, as well as by errors in age determination. A method was deacribed
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 poor year classes.

The subject of a study boat fieet as it applied to assessment of the mesh regu-
lation in Subarea 5 was discussed briefly, and it was agreed to leave the matter open for the

present.

Administrative Problema

Medico discussed some of the varialions 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 VII).

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 elass., The '49 year class was
also a dominant year class. The 1955 year class is entering the fishery now, but none of
the year classes subsequent to 1952 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 5-1/8-inch mesh gave a selection factor
of 3.2, Sea trips on commercial trawlers during the summer of 1958 demongtrated that the
large mesh nets (4-7/8") released fish under 30 om. 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 contiguous Canadian waters,

Subarea 3

Hodder reported on abundance of haddock on the Grand Bank. Catch per unit
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 landipgs in 1957. There is wide
variation in the growth rates of different year classes. The large 1949 year class had the
Blowest 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, 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 (Gadus callarias 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 determmine the degree of homing
tendencies, Preliminary work on age of Georges fish shows exiremely 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 Gaspé and the Bay of Chaleur regions. In 1958, 910 cod were tagged earlier,
in May. The pattern of returns was similar, but cod migrated north during this year of
tagging. All eod were tagged with Petersen discs and Lea tags atlached dorsally. Re-
coveries were of the order of 10 percent for both years.

Bize at maturity, spawning season, and fecundity were determined in 1955
and 1956 for cod from Subdivieion 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 em. in length carried 12 million ripening eggs.

In feeding studies, it was found that small cod selected a diet of pelagic erus-
taceans, namely mysids, euphausiids, and amphipods. With increase in size, cod adopted
a more varied diet, in which fish and benthic invertebrates became increasingly important.
At lengths over 70 om. pelagic and benthic invertebrates were taken in approximately equal
volumes, Herring was the most important fish in the diet of a large cod.

c7



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 Gaspé (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 sbundant 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 in 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—
Riviére, Gaspé—Sud. Canada, to study daily vertical migrations of euphausiids.

A general pattern of migrations was described, consisting of {a) 2 dawn des-
cending movement, (b) an absence in the upper 60 meters at mid-day, (c) an evening ascen-
ding movement, and (d) a scattering distribution at midnight leading o 2 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./m.) were found to stop
the animals in 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 its 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 small 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 conoluded that 3 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 inch nets be supplied to a few commer-
cial draggers in 1959 in order to measure relative efficlency of various mesh sizes and to
gain base-line sxperience with the use of larger mesh nets. Martin then asked the group
for their ideas on a etudy boat program and the proposed program was discussed. The
group endorsed the study boat program and suggested that more than one experimental
meph size be used if the practical difficulties involved could be met.

Subarea 3

Squires presented a preliminary 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 & short capelin (Mallotus villosus (Miiller)) season. Cod follow
capelin inshore where they are caught in the traps. Further difficulties developed when the
bait scquid also were not readily available. This handicapped the fall line fishery. Small

{1-year) cod were abundant in 1956 and 1958.

An aceount of some exploratory fishing for shrimp (Pandalus borealis) in the

Gulf of 8t. Lawrence and off the Newfoundland coast was presented,

SCALLOPS

Posgay reported on the U,8. scallop fishery and U.8. research on this shell-
fish. 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 unusuaily abundant yellowtail flounder in
the area.

Investigation of the annual rings of soallops from the eagtern 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 thewe areas are almost exactly the same.
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 mertality rate haa heen made using the ratio of
clapper shelis 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 has 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
dey of tagged scallops. The relative abundance method glves estimates of Z of about .7
(assuming little variation in year-class strength). The tag return method requires the elapse
of more time and return of more tags before returns can be congidered to reflect the rate of
exploitation. Returns from a preliminary tagging on one of the less heavily fished areas
have totalled about 20 percent in the 14 months since their release. A later more extensive
tagging has ylelded 9 percent returns in 6 months.

The method suggested by Holt (Serial No. 5567) for 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 firat capture from 85 mm., the present cull, to 105 mm.
(1.43 years) would lead to ani§9 percent benefit if the present fishing mortality is .7 and
a benefit of 21 percent if the flshing mortality is .4.

) It was recommended that a biologlcal report summarizing evidence for pos-
sible beneffits 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.
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Dickie reported on sampling on Georges Bank aboard Canadian vessels.
Since June 1958, 3 of the 10-minute squares proposed as a basis for statistical reporting
were sampled. Records of cateh per haul or hoar 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 liitle in total poundage. With lower
catches, the size of 50 percent cull appears to decrease, landings apparently varying mainly
with the numbers of different sizes shucked, If this situation is genersal, it could complicate
estimates of abundance from commercial statisties.

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 prineiple
was involved and thai the quesation should be passed on to the Committee on Research and
Statistice. United States biclogists agreed to present the value of a division of Subdivision
57 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 diacussions at the annual meeting.

2, Eelly 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 ghould proceed with the publicity phase of the Marking Sym-
posium which is to be covered at the 1959 annual meeting.

--00000--
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APPENDIX 1

List of Participants

CANADA
8t. Andrews

Dr. J.L. Hart

Dr. W.R. Martin
Dr. F.D. McCracken
Dr. L.M. Dickie
Mr. P.M. Powles

St. John's

Mr. V.M. Hodder
Mr. H.J. Squires

Dept. of Fisheries, Quebec

Dr. A. Marcotte
Mr. G. Lacroix

ICNAF Headquarters

Dr. E.M. Poulsen
Mr. R.S. Keir

UNITED STATES
USFWS, Washington, D.C.

Dr. L.A. Walford
Mr. J.P. Wise,
representing Mr. H. Eckles

Woods Hole

Dr. H.W. Graham, Chairman
Mr. J.B. Colton, Jr.

Mr. J.R. Clark

Mr. J.P. Wise

Dr. R.L. Edwards

Mr. C.C. Taylor

Mr. J.A, Posgay

Mr. G.F. Kelly

Resource Management (Gloucester)

Mr. L., Brackett
Mr. E. Medico

Observers

Mrs. R.R. Stoddard
Mr. D.A. Oberacker
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APPENDIX I

CO-OPERATIVE HADDOCK PROGRAM IN ICNAF SUBAREA 4

Data sent from 5t. Andrews to Woods Hole

Statistics

Landings from Subdivision 4X by species, months, and type of gear, from
January 1, 1956, to January 31, 1958,

Catch per Unit of Effort

Catch per tub for landings at the Lockeport Company from January 1, 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. 1 200 40 1 202 40
Mar, s 1100 220 4 800 160 3 1160 232
Apr. 1 300 60 1 200 40 .
May 2 590 . 118
June 4 1508 300
July 3 1015 203 6 3327 665
Aug.
Sept. 1 200 40 5 2600 520
Oct. 1 300 60 1 154 30
Nov. 2 400 80 2 875 175
Dec. 1 600 120 3 600 120
Total ) 2400 480 16 4180 818

Data received by 8t. Andrews from Woods Hole
Statistics

Massachusetts landings by months from January 1, 1956, to June 30, 1958,
with the exception of the month of December 1956,

Interview Records and Summaries - Subdivision 4w

Month 1956 ~ Number trips . 1857 - Number trips 1958 - Number trips
January 2 2
February
March
April
May
June
July
August -
September -
October -
November 13
December 6

[~ ISR
[n%]

Summaries only
Summaries only
Summaries only
Summaries only

Lol S S I - B U
= No;
[ -

=]
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Samples - Subdivision 4W

1956 1957 1958

Length Frequencies Otoliths Frequencies Otoliths Frequencies Ctolitha

Month 1Lg. Ser. Disc, Lg. Bor. Disc. Lg. Ser. Lg. Scr. Lg. Ser. Lg. Ser.
Number Number Number Number Number Number

Jan, 167 188 20 15 *102 *54 *20 101 112 20 15
Feb, 100 50 20 15 *96 *21
Mar. *102 *18
Apr. 166 219 564 20 20 20 176 35
May
June *82 *15
July
Aug,
Sept.
Oct.
Nov. 1013 595 214 124
Dec. *37 *118 *20 *14
Total 1448 1002 564 273 158 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 I

Recent Variations in Haddock Growth

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

The average weight of haddock landed at agee 2 and 3 has increased
about 15 percent since mesh regulation {Taylor, P-27, ICNAF, ICES, FAOQ, Lisbon,
19567). Our Interpretation of this as a gelection effect of the large mesh has been
challenged on the basis that such Increase in weight could be due to & change in growth
rate.

From Georges Banksubareas G, H, J ,» and M, back-calculated sizes
from 6,392 fish for 1931-1947 year classes were compared to back-caleulated sizes
of 259 fish taken in 1858. 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 subareas studied (Table 1).

The 1858 data indicate an increase in growth rate from 1 to 2 centi-
meters since 1952 in subarea G. Almost no difference in subarea H is evident, In
subareas J and M, a slight decrease in growth rate is noted.

Conclusive evidence of variations in growth in recent years must await
the reading of additional scale collections taken in the years 1953 to 1957. When thig
work 18 completed, it will be possible to trace the growth of individual year classes
in the ftshery prior to and following the mesh change. This study is expected to be
completed prior to the 1958 annua] meeting.
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APPENDIX IV
Some Effects of Undetected Trends in Estimating Mortality Coefficients
by
Clyde C. Taylor and Donald P. Oberacker
Introduction

With adequate statistics on effort and catch by age of fish, it is usually pos-
aible to compute the total mortality rate of a figh stock. The separation of total mortality
into its components of natural and fishing mortality is & more difficult problem subject to
various uncertainties.

Taylor (1958) has estimated natural mortality rates for various ages of
Georges Bank haddock, using a method developed by Beverton and Holt (1867), More
recently we have applied to the Georges Bank dats & method of estimating natural mor-
tality suggested by Paloheimo (1958). The latter method, in genaral, estimates rates of
natural mortality constderably higher than those estimated by Taylor. The magnitude of
the discrepancies between the two methods is shown in Table 1.

Table 1. Comparison of estimates of the natural mortality
coefficient, M, from data on catch and effort for the Georges
Bank haddock fishery, 1832-1950,

Eatimate of
Ages Beverton-Holt Paloheimo
Compared Mathod: MethodZ2/
2-3 - ~0,100
34 -0.170 ~0.020
4-5 0.012 0,407
5-6 0.004 0.720
8-1 15763/ 1.304
7-8 0.481 0.751

1/ See Taylor, 1958.

2/ The summation is carried from age 9 back to the two ages
compared, s

3/ Based on firat iteration only.
Because of the substantial disagreement In estimates of M resulting from
application of the two methods, we have expiored a simple theoretical model in Which

variations in g (see Notation) or M were introduced but which variations were assumed
undetected in further treatment of the Information on catch and effort.
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Notation

We shall adopt the notation of Paloheimo (1958) where, for one year
clags:

Ny number of the i-year-old fish at the start of the year
Ci  catch in pumbers of the i-year—cld fish

fj fishing intensity, the effort per unit area, defined by Paloheimo
(1958) as "the total effective effort expended on the i-year-old
fish". R 1s the measure of effort which is lnearly related to
the instantaneous fishing mortality coefficient, F,

49 coefficient expressing the fraction of the 1-year-old fish caught
by one unit of fishing intensity, f; in other words the factor of
proportionality linearly relating f to F.

M; instantancous natural mortality rate of the i-year-old fish
Fij instantaneous fishing mortality rate of the 1-year-old fish

Zy = Fi+ M, or Z; = qif; + M, the total instantaneous mortality rate
of the i-year—cld fish.

The Theoretical Model

Both the Baverton and Holt and the Paloheimo methods of ostimating natural
mortality require estimates of the total mortality rate at different levels of fishing inten-
sity so that a regression of total mortality on fishing intensity may be determined. The
slope of the regression line 18 the estimate of 4, and the Intercept on the ordinate s the
estimate of M. Ina theoretical model It is necessary to establish only two points to de—
termine the regression line and the estimates of gand M. We did this by computing the
total mortality at two levels of fishing intensity. The estimates thus cbtained were fur-
ther refined by the iterative procedure common to both methods.

Thus, we considered a year class of 50 million fish at age 1 and computed
the catches which would be obtained from it at effort levels of § ,000 days per year and
3,000 days per year under certain variations in g and M at ages 1, 2, and 3. The combi-
nations of data thus obtained provided the necessary information for applying either the
Beverton and Holt or the Palocheimo method, In applying these methods, it was assumed
that g and M were constant from age 1 to age 10. Values of q and M were then estimated
from abundance indices for ages 1 and 2. It should be pointed out that we had determined
values for q and M after age 3, when 4 and M were aotually congtant, either method would
estimate thelr exact values.

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

Case 1, 4 Inoreases from 0,080 per thousand days tished at age 1ty 0.0%5 at age 2,
after which it is constant at 0,100 from ages 3 to 10. M 18 held constant
at 0.10.

Case 2. g decreases from 0.150 at age 1 to 0,125 at age 2, after which it 1s

ponstant at 0.100 from ages 3 to 10, M {8 held constant at 0.10,
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Cage 3. M increases from 0.100 at age 1 to 0,200 at age 2, after which it is
constant at 0.400 from ages 3 to 10. g is held constant at 0,10,

Case 4. M decreases from 0,400 at age 1 to 0.200 at age 2, after which it is
constant at 0.100 from ages 2 to 10. g is held constant at 0.10.

™
™
v al

Results

Table 2 shows the results obtained in estimating q 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 Palocheimo method,
the summations are confined to ages 1 and 2 only.

Table 2, Summary of results in applying two methods of
estimating natural mortality to & theoretical population in
which g and M vary.

Beverton-Holt Palcheimo Paloheimal/
Cage True Value of Estimate of Estimate of Estimate of
No. Age q M q M q M q M
1 1 - 0.050 0.10 g/ g/ 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 _:1/ g_/ 0,144 0.155 4,135 0,310
2 0.125 0,10 .
3-10 0.100 0.10
3 1 0,10 0,10 0.19 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.
3/ Iterations fail to converge.
Discussion
The prineiple underlying both the Beverton and Holt and the Paloheimo
methods of estimating natural mortality ie that the total mortality coefficient, Z is a
linear funetion of f, the fishing instensity:
Z=qgf + M (1)

The methods differ in the manner of estimating Z.
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To understand why the two methods ., 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 g which might cther-
wige not be detected, we shall review their derivations and, in particular, the assumptions
on which their application is based.

The Beverton and Holt Method

From Beverton and Holt (1957, equation 13,2, p. 179) we have the mean
abundance of a year class in year A

N =N (1 - e7(F + M) {2)
(F + M);

and for the eame year clase in year i + 1:

N +1=-Ni+1 (1-e{F+Mjyy, (3)
(F+M)

At this point, it simplifies the notation considerably if we face the fact that,
at our present stage of knowledge and for all practical applications, we must assums that
g 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 (Palcheimo method). It
is true that q and M could be assumed to vary from one year to the next, but this presumes
more knowledge than we actually have, Paloheimo {1958) states: '""The catchsbility co-
efficient, 4y, in the above could 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." For present purposes, we shall specify
this constanay by omitting the subscript i from g and M.

From equation (1) we substitute gof 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) l}y equa-
tion (3) and, after taking logarithms of both sides for eimplification, we obtain: 1/

qf; + M = log { Ci/fy -L log (4ft + M) (1. - edafy+ 1+ M)
Ciyyfli+ il (@4 1+ My( 1= eda + M), (4

1/ We point out that log x/y = -log y/x. Some authors insist on writing
the first term of the Beverton and Holt equation (4) a5 -logNi + 1. Mathe-
matically, this is unimportant. In actual computations, Ny

however, clerks (and mathematicians) will find it much easier to look up
the logarithm of 2.00, say rather than -logarithm of 0.50.

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 method
is best indicated by starting with the following equation (Paloheimo, 1958, equation 9):

logNi  =gf+m (5)
Ni+l

where N; and Nj +  are numbers of fish of a year class at the beginnings of years i and
i+1,
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The actua] mathematical procedures in estimating the N'& in equation
(5) tend to be obscured by a series of substitutions. It is, however, easential to the
proper understanding of equation (5) to write it without substitutional steps. We have,
then:

N; = Z8{Cy
1 x
Lo HF; * M) (6)

wherea; =Fi+Mi | gubstituting qf; for Fi and M for My,
Fy -

a;= U+ M | 50 that equation (6) may be written:
qfi [ { qfi + M) ) ]
Ny = L 0o (n
1 - o-Z(afy + M)

In the same way, we have: ((Efl+1+m, ‘
z —————ar— Ci+1
Ni+i= I gfte1 )
1_g a1+ M) (8)

Substituting equations (7) and () for N; and Ny . 1 In equation (5}, we

derive:
C
L -I{qf; +
af; + M = log (qf1+M)] N + log 1-e (afy+ 1+ )
JCi+1 X(
-&(qfy + M)
z r—1+1(qfi+1+1u;] l-g 1 {9)

Study of equation (9) and comparison of it to equation (4) are worthwhile because al}
the computational procedures are evident.

We note, for example, from the first term on the right hand side of (8),
that we are not escaping, in any sensd, from dealing with the "variability and insccuracy”
of annual catch per unit of fishing Intensity data for each rge. Further, we see that tha
gecond term on the right hand side of equation (9) is a2 oorrection term in the same Banse
as the corrdaponding term In equation (4).

One further very important matter is revealed by writing (9) in the fol-
lowing manner:

. ) . ‘ y
qf; + M= log Cn/En(atn + M) o1 + log 1-eg%afy+1+M)
it - e-Zlgfy + M
z [f:l +_11(qf1+ 1+ M)] 1-e-Zlafy + ) (10)
\

where the subscript n denotes the age of the youngest fish Included in the data. (Note
that ZayCy = anCp + Zay , 1Cy 4 1),

We ahall refer to equation (10) later in nterpreting the high correlatton
between Z and f which apparently resulés in using the Paloheimo method,
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Comparigon of Assumptions

Bince both the Beverton and Holt and the Palohelmo methods of estimating
natural mortality are based on the same population model, the broad assumptions under-
lying them are common,

In both methods, it is necessary to assume that qand M are the same at
corresponding agos. More precisely, it is agsumed that at any glven age, variations in
g ard M are normaily distributed about a stable mean.

In uaing equation{4) it is necessary to assume that g and M are the same
&t two successive ages of a year class. Thus, it is assumed that gand M are the same
at ages 3 and 4, say, or at ages 4 and 5. It 15 never necessary to assume that qand M
are the same at ages 3 and 5, however. This is an important difference between this
method and the Paloheimo method,

Paloheimo (1858, p. 750) states that it 1s necessary to assume that g and
M are the same at corresponding ages for ail Year clapses, Lacking specific informa-
tion, however, the variation of gand M with age (in which case methods of estimating
would not be needed), it is necessary to assume that gand M are the same over the en-
Hre periods of summation. Thin accounts, of course, for the biaa seen in Table 2, Cases
3 and 4. The estimates of g and M are weighted by events ocoourring at ages 3 to 10. The
Beverion and Holt method, being oonfined to data at ages 1 and 2 only, estimates values
intermediate hetween the true values for Cases 3 and 4 at ages 1 and 2, as does the Palo-
heimo method when summation 18 restricted to ages 1 and 2,

i

Validity of the Correlation Coeffiolent

Palchelmo (1968) states: "It is worth while to summarize by noting that
in the example worked out the correlation ocoefficient Ty, between the total instantaneous
mortality rate at age 9 and effort 18 0, 815 when all avatiable data is used and is 0,644
when data on oatches only &t ages § and 10 ave used. The corresponding value of ry, ¢ .
when the Beverton and Holt method is applied was calculated to be 0,51, The incrense
in the amount of information used appears to bring shout a remarkable inorease in the
aoouracy of estimation,"

We feel obliged to show that the higher correlation between Z and 1 ob-
tained in using the Paloheimo method results from a perfectly legitimate mathemationl
step in the computational procedure used in solving equation (5}, which step, however,
renders the sorrelation coeffioient an inappropriate measure of accuracy and the re-
sulting gorrelation cosfficient spurious.

Referring to equation (10), we note that the variablesborrelated are fjon
the left hand side against Z;, the value of the entire right hand eide. We also note that
the secand term on the right hand side tends to a constant value, especially if summa-
tions are restrioted to equal periods of time. It has the effect of adding a constant value
and therefore little, or no influence on the degree of correlation. We further note that
the addition of 1 to the fraction inside the brackets of the first term on the right hand
side of (10) also will have no effect on the degree of correlation. (R is standard practice,
when dealing with zero vplues in a correlation involving logarithmms, to add 1 to all the
ohservations.,) We are left then with:

qtn + Malog Cn/fn (gfy + M)

C (11)
p:|1% EBY)
+1)(qf1+1+M)

D8



-22 -

Let us write (11) as:

afy + Mo log (gf, + M) + log | Cn/fn _
Ci+ ]l}

Now since gf + M takes amall values, generally much less than 3, the log
(qf + M) is almost a linear function of f. It is + therefore, very nearly perfectly correlated
with f;. (The correlation between f; and log (afy + M), using the data in Palohelmo's (1958)
Tables I and I is 0.987), It is, moreover, a very substantial part of the total value of the
right hand side of (12).

It is clear, therefore, that even if the second term on the right hand side
of (12) were a random variable, we should expect some correlation with f because we are
always adding to it a value which is a function of 1.

The relations indicated in (11) and (12) cut directly to the heart of the mat-
ter, but if they are not clear, it is easy to verify them by ueing the data from Palcheimo's
(1958) Tables I and 1. Omitting (afj + M) from equation (9), we find the correlation be-
tween f and Z to be 0.51, or about the same as that found by Paloheimo when applying the
Beverton 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 study is limited to four cases in which either q or M
varies while the other is beld constant, Preliminary work only has been done on four
additional cases where gand M increase or decrease together or oppositely.

The results summarized in Table If suggest that under certain conditions
at least trends in g or M may be detectable, Perhaps the tirst conclusion one would draw
is that when estimates obtained by the two methods do not agree, the discrepancies are
due to trends in g or M.

The negative slope obtained by the Beverton and Holt method in Case 1
results from the fact that the catches per day at age 1 are either less than at age 2 (at
3,000 days' fishing) or about the same (at 6,000 days' fishing). Under such cireum-
stances, 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 heen any cateh 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 g at age 1 in Cases 1 and 2. We find, further, that summing back to ages
2 and 3 from age 10 for the same data gives a good estimate of gat age 2, If we ignore
the biased estimstes of M which are obtzined in this procedure, repeat the iteration for
the age 1 and 2 summations holding g constant at its estimated value at age 1L and 2, 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 g are cbtained 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 over-
estimation resulting from the Paloheimo method.
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On first inspection, it appeared that one might obtain a superior estimate
of M in Cases 3 and 4 by using values of 4 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 g is good and an inter-
mediate value of M is obtained. We have already shown that the higher correlation ob-
tained with the Paloheimo method between Z and f 1s spurious. 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 g or M increases or decreases
while the other is held constant:

Case 1, When g is increasing from ages 1 to 3 and M is constant, the Beverton
and Holt method fails to estimate g or M. The Paloheimo method glves
& good approximation of ¢ but undereatimates the value of M,

Case 2. When g is decreasing from ages 1 to 3 and M is constant, the Beverton
and Holt method fails to converge for the particular values used. The
Palcheimo method glves a good approximation of g but overestimates M,

Case 3, When q 18 held constant and M increases between ages 1 and 3, the
Beverton and Holt method estimates 4 accurately and estimates anlaverage
vaiue of M, The Paloheimo method gives a good estimate of g but over-
estimates M,

Case 4. When q is held constant and M decreases between ages 1 and 3, the
Beverton and Holt method estimates 4 precisely and estimates anyinter-
mediate value of M. The Paloheimo miethod gives a good estimate of g but
underestimates M.

It ie 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 g or M. Under such conditicns and in the cases examined, both methods appear to
glve good estimates of q. The Beverton 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 important that we should be familiar with the proposals for measuring
benefit from the Georges Bank mesh regulation which were proposed by Holt a8 Docwment
31, ICNAT Annual Meeting, 1958. This note 18 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 presemtation may have falsely ralsed 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

1-¢"F = the annual proportion dying {mortality) due to fishing
@~ F = the annual survival after fishing

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

eF-1=_1 - 1= the annual fraction of fish saved by cessation of
o F fishing (like saying "Survival has improved by 20%".)

EF=.10
1-e"F= 0952
e~F= o048

eF = 1,1052=_1
.9048

eF-1= 1052
Holt's derivation states;

Benefit = gy(eF(t2-t1l-1) - 1y (1)
where t] and t2 are the ages at which 50% of fish are taken by the small and large mesh,
¥ 18 the fraction of the old total yleld which was taken from age ty on, and 1Y = the
fraction of the old total yield taken between age t; and tg. If benefit is nil

avief-1) = 1y (2)
That is there is no benefit if the increased survival of fish due to decreased fishing,
expressed as a fraction of the former total yield which will be made with the larger

mesh, is not greater than the fraction of the cld yield made up of sizes between the
two mesh sizes (assuming no change in F with change in mesh size),
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Put in these terms, Holt's "method" of detecting (or perhaps better
"predioting) & benefit 1s a neat algebraic transformation showing that & benefit must
theoretically occur if the old fishing mortality at aizes between the old and new mesh
50% selection points has a particular relation to the yleld that used to be made from
sizes above and below the proposed new mesh, Speocifically, it ie a simplified state-
mext of the implications of the Beverton and Holt model that we used for selecting
mesh size Initiaily. It therefore can be used to measure benefit only provided that the
assumptions we made in the initial prediction do in fact still hold.

It seemsa to me that this is not the problem that we have been trying to
solve, Qur primary concern has been to measure the change in yield precisely enough
80 that we can say whether it has fitted predictions; if so, why? if not, why not? That
is, we can detect certain changes in fishing practice and ia 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 that we are trying to prove the applicability of our model and the
parameters used in it, rather than simply accepting the model and measuring yield,

In relation to this central problem Holt's method leaves us precisely
where we have always been. That is, Holt's formulation offers two scurces of data for
precise measurement of yield:

{1) The long-term average yleld above and below the proposed
new mesh size. This is implied by his equation for 2Y) and
2Y on the hottom of page 1, Document 31, with sufficient
years included so that variations in R, the recrultment,
average out.

{2) The yleld from year-classes of known size, i,e., the same
equations calculated for known R.

These alternatives will be recognized as precisely those slready sug-
gosted. The first was proposed by Graham (1952), and the second has been under dis-
cuesion by Paloheimo and Taylor. Holt's method therefore suffers the same defi-
ciencies as these do in giving fully satisfactory answers.

Any formulation may therefore be used to measure benefit, provided we
can accept the sweeping assumptions made in the initial prediction. If we really wish
to test the results, however, we must delve into the assumptions far more deeply than
1s suggested by Holt's formulation; or at least examine the erroras in the data to satisfy
ourselves that any such refined proof is imposeible, For these purposes, Holt's {Doou-
ment 31) method 18 less satisfactory than those currently under study.

A particular weakneas of Dooument 31 ia that it neglects any change in
F, concomitant with the change in mesh size. This must be considered as part of the
result of mesh size, and means that one cannot identify |y and gy before mesh change
with 1yl and gyl after the mesh change. If F increases without & mesh size change, it
will generally increase 1y at the expense of 5y, In equation {2), as 1Y approaches gy in
size, an. increase in F can decrease expected yield 5y appreciably or even nullify bene-
fit and cause a decrease rather than the anticipated increase!

In addition to the assumptions which on page 2 of Document 31 Holt says
are implied by his equation, it should be noted that the "method" requires that there
be no obange in recruitment as a result of the regulation, and no change in growth rate
from any cause whatever. These requirements apply equally to Holt' s and to other
methods, but should be specifically noted as the equation tends to draw attention away
from them by requiring measurement only of yields and of fishing mortalities between
the two meah eizes, '
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In view of the foregoing, it appears that Holt's proposal 15 not a
short-out solution to the problems we have encountered during the Ceorges Bank
analysis, because we do not yet have sufficient nesurance that the estimates of
parameters and agsumptions used in our predictive models still apply to the fishery.

It may prove to be a useful approach when we have procesded further with our refined
analysis of past data, and have made any revisions which our current biological studise
suggest 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 cut whether or not mistakes in scale-read age determination
can aoccount 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-classes 1948, 1950 and 1952 of Georges haddock appeared large
while 1947, 1949, 1951 and 1953 appeared small, according to their relative abun-
dance in catches as 2-year-clds. The attached Figure 1 plotted from Taylor's 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 determinations which, in addition to distortion of
age-class abundance, may also result in errors in estimates of mortality rates.

I treating this problem algebraically, Guiland (1855) suggests that s
decided distortion of age-classes, 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 have used the variation in age determination shown by
Kohler and Clark {1958) and other data on the fishery to construct a simplified
model of a population 1ike that of Georges Bank haddock. The resulting distortion

' in age compoeition is lllustrated in Figure 2. Mortality rates may be more or
less distorted, depending on the type of calculation used.

Errors in Aging: Kohier and Clark show the degres of variation in determination of age
by scales and otoliths for Subarea 5 haddock 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 efther scales or otoliths y up to about age 8.
We may therefore expeot 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
agtual scale reading errors at that age, At 8 and above, the distribution of assigned
ages camnot be as accurately assigned to a particular true age, but numbers above
this are negligible in the fishing anyway.

Table 1 is constructed from Kohler and Clark's Table II.

In the following model the distribution for ages 2 and 3 is taken direetly
from Table 1. The average for ages 4-7 is used for errors at each of these ages,
and the average for 8-9 thereafter,

The Model '
Recruitment: We assume that recrultment in alternate years varieg in the ratio
5:1 a8 in Georges Bank haddpck. In odd years recruits number 100, in even years
500,
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Mortality: The mortality rates are given by Taylor (1958) as approximately

.« survival rate e~

To gimplify calculations we assume survival remains

F=0,40

M = 0,20
F+M , -0.60

= 0,55 per year,

constant from year to year and age to age,

Annual Abundance:

aNt

= true abundance of age a at time t
Ny =, _fN¢g e{F*M) (F+M constant at all t)

aMt = apparent abundance of age a at time t

aMt = a+2Pn-2 a+2Nt a+1Pn-1 a+1N¢*aPn aNtta-1Par1 a-18t a+2Pn-2 aval

where gpy, is the proportion of animals aged "a" which are correctly aged,

a+1Pp.1 i8 the proportion of animals aged "a+1" which were incorrectly

identified as one year younger than they were, etc., and values for different

p come from Table 1.

Table I, Distribution of otolith- and scale-read ages.

Otolith age Numbers agsigned by scale examination to age
n n-2 n-1 n ntl 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
(] 1 9 9 5 5 29
ki 1 14 21 10 46
8 3 8 ] 1 1 22
9 5 7 3 _15
492
Fraction assigned to each age

n Pn-2 Pn.1 Pn Pn+l Ppao
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 «T7 .08 01 1.00
6 04 31 31 W17 .17 1,00
7 02 +30 46 «22 0 1,00
8 W14 37 41 04 .04 1.00
9 +33 47 .20 0 0 1,00

Adjusted, unweighted

average —— .

ages 4-7 +03 21 .bb +15 .06 1,00

ages 8-9 «23 239 30 04 4 1,00
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Table I, Model showing effects of mistakes in age determination on age distribution
and mortalities in fluctuating stook abundanoce,

Suppose in Odd years recruitment = 100

" "Even u " = 800
M = 0.20
Fm 0.40
oHF+M) o ¢0.60 .55 = Ann, Survival
om
Toaxw Nyeg — Troe age distribution
olass
Aze X9 yeB1 yo7l o8] yoST you] yed rl_ﬂ_ﬂj
2 100
3 215
8 0 ..t:ﬂ’u:'!‘l
5 83 LT IR
6 9
? 23 L
8 3 - ?33%
9 8
10 —
Towl 10012757 3of B3 of 2¢] 31 8
l.., =~ Apparent age distribulion
2 nl| 9
3 ¥|18] m| 2
a 1| 6 18] 5| 2
5 3| 17| %12y 5 gopfe... oyl
6 2] 5] 2 O w9 .y
7 1 5l s L] 1
8 1 1] 2 . X6
9 2 3 2 1 £32
10 b
Total 12411561107] &1 29 32
IVEH YEARS Fye1g — Trus age distriduticn
z m -E
3 55 . 790
] 15
5 17 8 = hd
6 L 3 51+
; g I8
18 -
’ 2| 1y - 0%
_ L
Total Slan] 27] »8] s el 2] &
H‘.!'g = Apparent oge distritution
2 LI .
3 7] 281 15] 5 ’2 %
L] 4| 32| 93] 23 9
5 I 3 g « 406+ 323
6. 1 2 1N 3 532 + 793
s R E
s 1 . .
9 1| 1 -ulg 0.5%
ﬁu_;___ [103] w7 a2
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Results

Age distribmtion: Tnhleﬂshnwsthebalmedh‘nemdappnrmt:gedistﬁbﬁms
for odd years when reoruitment is 100 4ad for even years when i is 500 after the
alternation of strong and weak olgsges hag been goiug on in the fiskery for 9 and
10 years. Figure 2 {llustrates the results graphically, and shows the degree of
distortion which takes place,

Mortality: In caloulating effects on mortality, we may use Jackson's (1939)
method

Y+ 4T + oo + ¥ =B = purvival rate = o—-(F+M)
B+ pe8+ 0+ 34l

provided we add the distributton over the two-year oycle of recruitment fluctaations
{i.e., average 8, and 8o, the survival rates for odd and even years).

Thus for the true population:

- 25 + 80 +.,.+1) + (55 + 181 +...+4}_434+g?:1
sNt (100 + 276 + .., +8) + (800 + 55 +.0a+2) B33 + 790

- _J28 4 ¢.56 (as used for the model)
1323

For the population sempie (apparent population)

= {156 ¢+ 107 + .., +2) + (106 + 103 +.,, + 1) 406 + 323
" (128 + 156 + .., +3) + (466 + 106 +.,, +4) 532 + 693

= JBw 0,55
1325

In the analysis of Georges Bank and cthex recent data, however, we are unable to
use an overall average such as is given by Jackson's method, The approach is
rather to compare the strength of & year-claag at the beginning of two successive
years, and to average results over s serles of comparisons, Table II shows the
survival rate estimates whioh will be obtained using this type of computation,

Table Il, Apparent mortalities from single age-class comparisons when there have
been mistakes in age readings - for data see Table II.

Btr Year-Classes Weak Year-Classes

Ago oomparison  Apparent ratic Apparent Apparemt ratio Apparent
of inttial survival of Initial Burvival

abundance rate abwndance ate
1 -2(§8) 166/466 0.4 108/126 0.83
2-3 103/188 0.66 107/106 1.01
3-4 81/108 0.79 47/107 0.44
4-5 41/81 0,51 25/47 0.53
5-8 24/41 0,59 16/28 0.64
6-7 10/24 0.42 8/18 0,50
7-8 3/10 ‘0,30 4/8 0.50
Avearage 0.52 0.84
Qyerall ayerage 0458
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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 not affect the overall esti-
mates of survival (or mortality) rates, provided we use averages
of a sufficiently long series of data and combine information over
several cycles of strong and weak year-classes as was suggested
by Gulland (1955).

In the actual analysis, however, 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-class atrengthe could arise.

It appears that some 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 frequency
diagram for Georges Bank haddock from aveilable data, Suppose we wish to caleu-
late

XN for "a' when "y" is a strong year—class following Y'&N
which was a weak year-class, such that
-1
XN . ¥ aN + :5:1
¥ ~F, .+
Since Ny = N e -l M )
Then at 2 years of age
=1
Py = o0 PN + ey TTRN (e
= (0.91x5) + (0,13 x1x0.55)

“F+M),

4.556 + 0,07 = 4,62

= 0.98 + 0,02 = 1.00

Therefore, at 2 years of age the contribution made by the older year-claes 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

IM, = op, §N, for this particular situation.
The true abindance

Y _ 1 ¥ =

A
Since the "true' total mortality rate may be obtained from an overall average of
the distorted age distribution a.qd the initial relative abundance obtained as glven

here, we may use these data together with Table I to caleulate true age distribo-
tions.,

i.e. gNt +1 = Ny e(F+M} For the next yoar-class (y-1)
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entering at age 2

y-lo .1 (¥l Y.
oNis1 = 2Pn ( oMy - 30,1 3N
This may be checked with the sampled number at age 3 in year t+1
Y 1 y y-1 ¥+l
38¢+1= 30, (3Mt+1 " 2P+l oNer1” Pna” 4Nena
in which the last term may be omitted as negligible as in the case above,
ete.
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ODD YEARS EVEN YEARS
500 |- _ r
i True Age
400 - B Distribution
300 |- -
—
200 |- =
100 |- ’__ |
Sample Age
500 | n Distribution
’_.
400 |- L
300 [~ -
200 |- »
100 |- »
2 4 ] 8 10 2 4 6 8 10

Figure 2. The age composition of a stock in odd and even nurabered years, having
Tecruitment at age 2 oscillating from 10¢ in odd years to 500 in even years,
and distortions introduced by mistakes in age reading of the samples. (Note
resemblance of lower left to Fig. 6 of Graham, 1952, even though recruit-
ment is complete at age 2 in the model.)
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APPENDIX vO

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 1.8, vessels during the one-year period,
The certificates were issued by months as follows:

Month Certificates

October 1857
November
December
January 1958
February
March

April

May

Augugt

el T I I TR,

The tonnage classes of the vessels are as follows:

Gross Tong Class Number of vessels
0- 25 OTS 1
26 - 50 oTs 4
51 - 160 OTM 12
101 - 150 OTM 2
161 - 200 OTL 7
Over 200 OTL 1
29

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

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

Cod landings 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. Onmly 15
trips had more than 5,000 pounds and over 10% ced.

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

Other speciea caught by the exempted vessels included halibut, white
hake, cusk, pollock, flounders, and whiting (silver hake). Total cateh of these species
amounted te 12,921,329 pounds.
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(Preliminary Report)
by
Mario Ruive and Glicinia V. Quartin
Samples of cod have been taken since 1956 from Portuguese trawlers fishing
in Subarea 4, especially in the Subdivisions 4R and 4T {Gulf of St. Lawrence).
The cod-end mesh size of the trawls used has been around 117 mm.

In 1956 the pamples were taken from the marketable fish, 1i.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-ratic are
concerned are summarized in Tables 7-15.

The results arecirculated in the present more preliminary form for informa-

tion and diBcussion. 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

g 2 @ B N x @
a i z & @ EBESE .48 E B
o3 & it g 9 F‘HE £ E " E E j 5] QE K g 5
g% 5 8 & S99 g gggasd 8% 7t 2
52 % B 8 gh BHGE ggsp 2F 3 %
48°10'N oT
1 27-II-56 4R 59°40'W 125 + + o+ (100} + + +
4T°43'N
2 30-II-66 4R 59°30'WwW 75 + o+ o+ + or + + +
47°589"' N
3 31-I0-56 4R 59°31'W 100 + + o+ oT + +
47°69'N
4 1-IV-56 4R 59°31'W 62 + + o+ oT + + +
46°25'N oT
5 3-IV-56 4V 59°20'W 125  + + 4 (100) + 4+ o+
46°20' N
3] 4-I1V-56 4V 59°22'W 100 + o+ o+ o+ oT + +
46°38'N oT
T  6-IVG6 4V 59°35'W 126+ + 4+ (100) + o+ o+
46°35'N
8 T-IV-566 4V 59°25'W 200 + +
47°10'N
9 16-IV-56 4T 60°16'W 300 + +
47°16' N oT
10 17-IV-66 4T 60°17T'W 150 + E (100) + + +
47 10'N
11  18-IV-566 4T 60°15'W 75 + o+ o+ o+ QT + + +
47°30'N
12 19-IVv-56 4T 60°28'W 300 + +
47°40'N oT
13  20-TIV-56 4T 60°35'W 125 + + o+ (100) + o+ 4+
47°36'N
14 21-IV-56 4T 60°35'W 25 + o+ + o+ oT + +
' 47°52'N
15 22-Tv-56 48 60°38'wW 300 + +
48°05'N
16 28056 4R 59°45'W 277 + +
TABLE 2 - 1957
46°19'N
1 18-IO-57 4V 58%5'W 100 oT
48°25'N
2  20-TO0-57 4R 59°28'W 100 OT
48°19'N
3 22-TMI-67 4R 59%34'W 100 + + o+ oT + + +
47°24'N
4 25-TII-57 4T 60°26'W 100 + + o+ oT + + +
47°19'N
5 20-I-57 4V 60°13'W 100 + + o+ OT + + +
46°16'N
6 30-I-67 4V 58%56'W 100 + + o+ (43 + + +
46°03'N
T 31-IO-57 4V 58°53'W &2360 + +
' (continued)
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Table 2 {continued)

B

9

10

11

12

13

10

11

12

13

14

15

18

17

18

19

2-IV-57
5-IV-57
T-IV-57
15-IvV-57
16-IV-57

17-IV-57

25-M1-58
26+II1-58
27-I11-58
28-I1-58
20-T1-58
30-IMI-58
31-IMI-68
1-IV-58
2-IV-58
3-IV-58
5-IV-58
7-IV-68
8-Iv-58
11-Tv-58
13-IV-68
14-IV-G8
18-IV-58
20-IvV-58

22-Iv-568

4v
v

4v

B

&

b

5 B &5 B & B 5 5 5 B & =

5

&

4T

4T

4v

46°36'N
59°30'wW
46°12'N
58°50'W
45°69'N
58°28'W
48%07'N
59°20'w
48°03' N
59°27T'W
4T°59'N
59*58'W

46°48'N
59°44' W
46°30' N
59°25'W
48°32'N
59°21'W
48*32'N
59°36'W
4819' N
59°34'W
48°17'N
59°34' W
48°21'N
50°39' W
48°21'N
59°99'W
48°06' N
59°38' W
47°40'N
59°25' W
48°24'N
59°45' W
48°21'N
59%45'W
48"30'N
50%40'W
48°03'N
60°10'W
48°12'N
59°40'W
47°45'N
59°28' W
47%2'N
60°3TIW
47°36'N
60°32'W
47%04'N
80°L0" W

100
100
2 180
100
100

100

- 87 -

TABLE 3 - 1958

60

50

5¢

50

50

100

100

300

50

&0

100

100

190

100

100

100

100

100

100

E 10

oT

S

3

3

oT

oT

3

3 %8 8 8



- 38 -

SamEIe-GrouEs

Sample Sample Subdi- Date
Group Number vision
TABLE 4 - 1956
A 1-2-3-4 4R 27-1M/1-1v-56
B 5-6 4V 3/4-1vV-56
C 7 4V 6-IV-56
D 10-11-13-14 4T 17-21-IV-56
TABLE 5 - 1957
A 3 4R 22-IM-57
B 4 4T 25-1IT-57
C 5-6-8-9 4V 29-I0/5-IV-57
D 11-12-13 4R 15-1V/17-IV-57
TABLE 6 - 1958
A 1-2 44V 25/26-11-58
B 3-5-6-7 4R, 27/31-TI1-58
C 9-10-11-12-15-16 4R 2/14-IV-58
D 14-17-18 4T 11/20-IV-58
E 19 4V 22-1v-58

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

A (4R) B (4V) C (4V) D (4T)
Year- Age- JIeQ IR EELT JI9e
class  Group (333) {199) {100) (298)
% m.,l.cm % mdl.em % m.l.cm % m.l.cm
TABLE 7 - 1956

1953 m - - 0.5 41.40 - - - -
52 v 1.5 46.4 11.6 48.6 - - 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 vao 16.2 56.2 17.1 56.5 1.0 60,0 22.8 60.0
48 Vo 19,5 60,9 3.5 56,0 18.0 76.2 17.1 68,2
47 IX 15,0 87.1 3.5 68.0 11.0 7.6 16.1 70,7
46 X 8.1 68,7 1.0 69,0 26.0 83.8 7.1 75.6
1945 X1 2.1 176.6 - - 8.0 78,1 1.7 75.3
44 X 3.0 T71.4 - - 14,0 84.7 3.0 77.1
43 xXm 0.9 175.8 - - 8.0 80.5 1.3 73.5
42 Xiv 4.8 81.6 - - 2.0 83.0 - -
41 Xv 3.0 178.3 0.5 80.0 4,0 80,0 0.3 79.0
1940 XVl 1.2 81,5 0.5 83.0 6.0 85.0 - -
39 Xvia 0.3 79,0 - - - - - -
38 XVHI 0.3 72,0 - - 1.0 89.0 - -

od =45.9% o = 54.8% o'd = 45.0% dd =51.7%
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A (4R) B (4T) C {(4V) D (4R}
Year- Age- gdeQ JI99 IIee IR
Class Group (100) { 98) (398) (299) X
% m.l.cm % m.l,cm % m.l.cm % m.l.cm
TABLE 8 - 1957
1954 m - - - - 0.3 43.0 1.0 32.8
53 v 1.0 48,0 4.1 48.3 3.8 45.5 10.4 41,5
52 v 6.0 50,8 20.4 50.4 12.1 48.4 26.8 45.7
51 Vi 11.0 55.4 10.2 54.3 9,0 54,9 17.4 50,2
1950 v 30.0 56.8 17.3 60.9 23.9 60.0 17.1 57.9
49 via 14.0 59,8 13.3 65.9 18.6 65.0 13.7 61.4
48 X 22.0 63.5 10.2 71.5 7.8 69,5 7.0 67.3
47 X 10.0 67.3 17.3 18.2 7.5 4.4 - 3.7 71.8
46 X1 3.0 72,8 4.1 74.5 4,8 77.9 1.7 82,8
1945 Xu 1,0 58,0 - - 4.8 79.7 0.3 93.0
44 X1 1.0 86.0 - - 1.3 79.1 0.3 71,0
43 xav - - - - 0.8 75.3 0.3 91,0
42 XV 1,0 80,0 2.1 86.0 1.8 86,5 - -
41 XVl - - 1.1 76.0 1.3 89.9 - -
19400 XvI - - - 0.8 92.8 0.3 -
39 Xvia - - - - - - - 105.0
38 XX - - - - - - - -
37 XX - - - - - - - -
36 XX - - - = 0.5 87.5 - -
Jr=49.0% od =43,9% dd = 53.8% do = 52.2%
A (4V) B (4R) Cw) D (4T) E(4V)
Year- Age- FIeR L] T IR doeq
Class Growp ( 99) (297) (496) ____ (209) { P9}
h ml.em % mil.em % ml.om % md.cm . %  m.l.om
TABLE 9 - 1958
1955 m 1.0 39.0 0.3 36.0 0.6 38.0 - - - -
54 v 8.1 44,0 3.7 42.1 8,7 42.8 6.0 41.5 4.0 46.%
53 v 22,2 48.2 10.4 48,3 23.6 48.4 19.1 49.2 15.2 50.4
52 Vi 20.2 55.6 18.9 50,2 22,8 50,5 20.4 52.6 28.3 53.4
51 v 14,1 61,9 18.2 55.8 13.7 55.7 10.4 57.2 12,1 66.4
1950 vl 13.1 86.4 12.5 60.3 10.3 60.4 18.7 61.8 20,2 62.1
49 X 8.1 71.0 8.8 63.5 8.3 60.8 10.4 83.2 8.1 86.4
48 X 6.1 76.9 11,5 67.1 5.6 65.8 7.0 67.4 5.1 73.2
417 X1 3.0 T4.7 9.1 71.0 3.4 68.1 4.7 68.2 4.0 66.6
46 b.11} 1.0 84,0 2.4 74,7 1.2 1.4 2,0 73.9 2.0 89.8
1945 Xm 1.0 71.0 2.0 77.0 0.4 80,5 0.7 68.0 1.0 84,0
44 xav 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 Xvir - - 1.4 79.4 0.4 82.0 0.3 85.0 - -
1940 xvina - - 0.3 145( 7} - - - - - -
39 XIX - - 0.3 118(7) - - - - - -
g = 47,6% od = 49,5% Jgd = 49.0% ogd = 50,2% dd = 46,6%
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(208)

D (4R)

17.7

C (4V)
(398)
5.5
7.3
0.3

%
( 98)
20.4
13.3
6.1
15.3
9.2
7.1

B {4T)
1¢,2

TABLE 11 - 1957
E (4V)
{ 99)

%

(100}
2.0

7.0
19.0
25.0
11.0

7.0

2.0

i.0

(299)
0.3
2.0
5.7

%

,» Bample-groups A, B, C, D, and E,
D (4T)

cm
32
37
47
52
57
62
67
(it
7
82
87
92
97
102
107
112
117

Length A (4R)

Group

%

— 40 -
0.7
0.7
13.1
8.4
7.0
1.0
1.3
C (4R)
%
{297) {496)

D (4T)

23.2

18.8

14.1

11.7

B (4R)

TABLE 12 - 1958

1.0
9.0
11.0
7.0
2.0
%
1.0

3.0
(99)

5.0

A (4V)

18.0
26.0
18.0

4.5
17.1
an.m
27.1

B.5

2,0

0.5

0.5

1.5

0.5

CIn

B (4V) C 4V
TABLE 10 - 1956
Length
Group

%

2.4
9.3
17.7
17.9
19.2
9.3
6.6
7.8
3.0
1,2
0.3
0.8

Subdivisions and numbers in ().

Cod. Subarea 4. March-April. Size-composition
cm
32
37
42
47
52
57
62
67
72
77
82
87
92
97
102

Lenpgth A (4R)

Group

(=R =]
- o8y

2.2
10,3

1.4

6.1
11,8

20.2
25.3

12.1

12.0
23.4
17.4

22.8
23.4
14,1
14,7

17.8
16.2
20,5
10,8

8.1
17.2
14.1
12.2
15.2

47
52
87
62
67

o9
-

5.4
«0
.3

1.0

2.0
0,6

6.4
3.0

72
77
87
92

1.0 0.2
E13

1,0




—41-

mposition and sex ratio of Samples No. 18 -

No. 8 - 7 April, 4V, No. 9 - 16 April, 4T, No. 12 - 19 April,

TABLE 13. Cod. Subzrea 4. 1956. Size-co

28 March, Subdivision 4R,
and No, 15 - 22 April, 48,

—dy |

12 (4T) 15 (48

8 (4T)

- After~ Morn- After- Night Morn- After- Night Morn- After- Night

8.(4V)

16 (4R)
Group Morn- After- Night Morn

Jem  ing noon

Length

noon

Ing

noon

ing  noomn

noon

ing

" 2.8

1.0

4,0

3.0 4,0

2.0
5.1

2.0
6.1

1.0
2,0
14.0

1.0 3.0

- 11.0

1.0
10.0 15.0 17,0

3.0
7.0

26.0

5.3 24,0 26.0

- 6.0

8.0

18,0
17.0 20.0

7.0
16.0

26,0 26,0

14.3 17.1

6.1
18.4

52
87

12,0

24,0 15.0 27,0

14.3 14.56 27.0 27.0

o o
. .
o
XA
==
L
- cq
[
oo
L.
D
— -
==~
" .
= o
1~
oo
. .
<+ >
~{
==}
'
o
—
==
w
- -
oo
.
- @
-
oo
. s
0 o
- -
=~
o o
-
oo
. e
3
L]
wy o
e
=]
- -]
o,
L.
=)
o i
- N
. .
o o
=
[
- -

16.0 13,0 16.0 14.0

8.0

13,0 14,0
9.0 3.0
10.0 13.0 8.0

11.0 11,0

2.¢ 2.0

17.4 14.5

14.3

T2
77

9.0 18,0 13,0

7.0

7.0
7.0

7.0 4,0

6,0

13.0

7.9
6.6

7.1

2.0

11,2

16.0

11,0

4.1

82
87

10.0

6.0
4,0

2.0 4.0

1.0 1.9

1.0

4.0
4.0

9.0
5.0

1.0
1.0
2.0

2,0

7.0
1.0

1.0 4.0

3.0

6.6

3.1
5.1

92

2.8

97
102
107
112

1.0
1.0

109

100
39.0

100 100 100 100 100 100 100 100 100
51.0 48,0 54,0 49,0 54.0 48,0 44.0

98

98

98

.0

5.1 62.2 58.0 51,0

% g 47.0

1958.

TABLE 15. Cod. Subdivision 4R.

Bize-composition and sex-ratic of sampie

No. 4 - 28 March.

Subdivision 4V. 1957.

TABLE 14. Cod.

Size-composition and sex-ratio of samples

No. § - 29 March and No. 9 - 5 April.

Night
G(147) G 147)

Da

Length
Group
cm

— =
9m.1
-z
—
[Ty]

2
s =
85
—A
wp
=
g§28
=9

e ol
- o

27
32
3

B2
1.t 2,8 29,3
5.6 6.1 28,3

0.6 0.6
20,0 23.8 19,6

42
47

3.4
6.8

6.8

62
57

8.8
9.6

13.8
3
5
2
1

47
52
&7
62
67

11.8

6,1

72

El4

—00000-~

91
49,5

5

046 11
68
50,4 57

97
%o






