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By Lionel 4., Walford
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and at Woods Hole, Mass., March 3 - 5, 195k.)

Participants: Scientists from Canada and U.5.A., with Dr, Liocnel
A. Welford in the chair,

HADDOCK

Effect of the Mesh Regulation

United States blologists reported on experience to date with
the regulatlion of the mesh size of nets fishing for haddock in Sube-
area 5. The fishing industry did not immediately adopt the legal
mesh unanimously. Some fishermen continued to use the small mesh
nets; others who adopted the large mesh net used small mesh liners
in their cod ends. However, enough vessels did adopt the new nets
promptly so that 1t has been possible to follow the results of their
Tishing in comparison with those of a group of B vessels licensed
to fish with the small mesh nets. See Appendix I,

An analysis of catches at sea shows that the small haddock
are belng saved precilsely as had been expected. The small mesh
vessels discarded fish at sez in the same proportions as in previ-
ous years, while the large mesh boats discarded a negligible quantity,

However, there has been a reiative increase in landings of
larger haddock and of .other species of fish, This effect was evi-
Igent from the time the first group of boats converted shortly after

une 1. . .

During June, July and August, the landings of the vessels
using large mesh nets were 6.1 percent less than in the same period
of the previous year; while those of the licensed small-mesh ves-
sels were down 17.2 percent. By October 1 all vessels (except the
licensed group) had converted to large mesh.

During the period Qcteber 1 to December 31, 1953 landings of
haddock caught with the large-mesh trawls were down 10 percent below
those of the same period in 1952, while the landings of haddock by
licenaed vessels were down 22 gercent. The landings of all apecies
of fishes by the vessels with Arge mesh were &bout equal to those
of the same period in 1952; while the landings of all specles by the
licensed boats were down 1 ‘percent,

8tudies have shown that the difference does not result from a
change in habitas of fishermen but evidently from the fact that the
largo meshed nets are more efficlent than the 3mall meshed ones in
catehing the heavier large aized fish,

lhe value of the Study Group Progranm in demonstrating the
effect of the mesh regulation is already apparent, and the Secien-
tifie Advisers affirmed the Necessity of continuing with the Study
Group Program for a number of years to permit the precise assess-
ment of the long term effect of the Tegulation,
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United States biologists describsl the proposed revi:ire of
the United States regulitica for 1954, The Cormission's Tec..
mendatlon lor the zmended ropulations provides that fisherreu aay
elect elther to limit their wesh size to 4-4 inches inside measure-
ment when-wet-after-use, or to use a 1iesh that has been certified
by Govermment inspection. United States sclentists conducted a
speclal study to determine the sizes of dry mesh with various
weights of Manila twine corresponding to the k-4 inch inside
measurement when-wet-after-use. Results of this study showed that
during the average life of a cod end, 1.,e., 1-% trips, a mesh
initially between 5-§ and 5~% inches between knot centers dry new
shrinks to 4-% inches inside measurement when-wet-after-use. On
the basls of these experiments it wes decided to certify nets which
measured 5-8 lnches between knot centers dry new, constructed of a
welght of twine commonly in use.

The group recommends that further experiments e conducted
to extend the 50 percent escapement point beyond that indicated
by present data. This will be needed as a basis for arriving at
any future regulations in the Convention Area,

United States bicloglsts have prepared a serles of diagrams
which illustrate theoretical relations between fishing rates,
age at first capture, and yield. These are given in Appendix II,

Problem of Exemption from the Mesh Regulation

Unlted States blologists reported that an amendment to the
Subarea 5 regulation in 1955 may be proposed, providing for exemp-
tion of small boats of some specified tonnage which normally fish
for specles other than haddock. They showed that vessels of 50
tons or less now take 3,2 percent of the total catch of haddock in
Subarea %, and posed this question: What can be the basls of an
objective critericon of a size limit for the proposed exemption?

The sclentifle advisers pointed ocut that any exemption of the
regulation would establish & precedent that may have far-reaching
consequences. In Subarea Y% many small vessels are engaged 1in ground -
Tishing; and were & mesh regulatlon to be adopted elsewhere, as in
Suburea 4, for example, any problem of exemption might there be
diff'lecult to settle. It would therefore be desirable to try to
evolve a princlple by which exemptions could be objectively deter-
mined.

It was agreed that the conly sound reason for exerTtions is
to prevent the repulation from Interfering seriously with lucra-
tive lisheries which are primarily for otiier specles and in which
haddock are caugit incidentally. At the same time vessels fishing
piimarily for haddock should not be exempted, regardless of their
s ze.

‘ United States bilologists made an analysis of the effects on
the benafits to be expected irom the repulations, of exempting
various proportions of tho haddock cateh, The attached summary
(Appendix II) of this anulysis shows that the loas of beneflts is
almost proportional to the part of the catch exempted, For exam=-
ple, 1f 20 percent of the catech were exempted, ahout 22 percent of
the benfits would be lost; if 50 percent of tha catoh were exempted,
about 54 percent of the benefits would be lost,

D3



-3 -

The scientific advisers recommend that the Commlssion be asked
to approve of the exeuption of a specified maximum percentupge of the
cateh of haddock by cach country in Subarea 5, provided thut the
general principles stated ubuve are sztisfied. Each country would
then be permitted teo formulate regulations, within that specified
1limit, which would preovide for exemptions which would meet its par-
ticular econowmlc needs, and would be réquired to report to the Com-
missicn what regulations are enforced and what catches are made by
the exempted fishing operations,

Before the Fourth Annuzl Meeting of the Commission, the
scientific advisers will examilne additional information which is
belng assembled, and on the basls thereof will recommend the per-
centage to be exempted.

Status of the haddock fishery in Subarea §

Since 1949 there has been a steady decline in the landings
of large haddock from the subarea. Thils decline has been partly
compensated by increased landings of scrod. In 1950 the landings
of scrod exceeded the landings of large haddock for the first time
in history, and thils sltunation has continued to the present. The
fishery has been supported by a few dominant year classes entering
the fishery in azlternate years. The year classes of 1948 and 195G
have been the mainstays during this period,

lhe year class 1952 appears to be a strong one s¢ that there
probably will be a repetition of the events which occurred in 1950
and 1952, with a new class of two-year-olds coming into the fishery
in great numbers as the previous strong classes move into the group
of large haddock and decrease in abundance. Thus, 195% promises to
be a year in which the large mesh nets will save great quantitles
of fish among the incoming dominant year class, If licensed boats
using small mesh were to concentrate their fishing effort on these
small fish they might for a time land more fish than the vessels
using large mesh. . .

Guantitative surveys for haddock eggs, larvae

and young fish

United States biologists reported results of three egg and
larval fish surveys of two weeks duratlion during March, April and
May 1993 in which approximately 15,000 miles of contlnucus records
were obtained on the Hardy plankton recorder, Princlpal spawnlng
centers were located, the resultant drift of eggs and larvae was
traced and integrated in relation to the circulation pattern as
determined from drift bottles. The majority of larval fish resul-
ting from egegs spawned on Georges Bank were evidently swept off
the southern edge of the bank and presumably lost. Eggs and lar-
vae from Browns Bank moved northwest into the Gulf of Maine where
conditions are presumably suitable for survival, It appears that
the 1993 year class on both Georges and Srowns Banks will depend
upon the suecess of spawning and survival of haddock from the
latter area. Sampling of zero age haddock during September re-
vealed that the majority of the fish of that age were located in
the western side of the Gulf of lMaine and in the South Channel
area, and substaatlcted conelusions drawn from the distripution
cid drift of eg:s and larvae. Subseguent sammlings over a perlod
of' wocims ¢re aecessary to valldete these conelusions.
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The sclentific advlisers consider this work to be importaut
to our understanding of the causes of fluctuations and hence to
our ability to regulate to best advantage. It should also make
posslble predictions of cateh, which would be of great value to
the fishing industry.

REDFISH

The growth and geographic expansion of the fishery for red-
fish railses questions as to the effect of fishing on preductivity
of the stocks, and as to the possible need of regulations to ob-
tain maximum sustained harvests. To provide a basis of answering
these questions, biologists of the member countries have begun
research on growth rates and other sspects of the blology of the
apecles.

United 8tates bilologists studying the formation of rings in
otoliths of young redfish have found that the opaque zone at the
edge of otollths increases progressively during the year and is
followed by & clear zone laid down between November and February.
The principal growth of the fish corresponds to the growth of the
opaque zone, Thus, one ring is formed annually, However, the age
at whleh the first clear zone is formed has yet to be determined,
Zone counts by several people are highly consistent. These results
are encouraging enough to Justify intensifing age analysls of samp-
les of the commercial catch, even though results of further research
may show that assigned ages must be adjusted by one year.

Studles of meristiec counts of fish from various localities
throughout the range of redfish have been incenclusive, owing to
the small ranges of varlation in all items examined. Growth rates
and age at first maturity, seen from such otolith studies as have
been made, vary from bank to bank, but much more work is needed in
order to establish definitively the nature of these differences,
It was suggested that biochemical methods (serologiecal studiles,
paper chromatography) might be more sensitive than morphometrlc
methods in bringing out differences. United States biologlists will
explore the possibilities of these methods as far as facilities
permit,

The group examined the questions as to whether the fishery
is taking the fringe of a vast population, and reached an opinion
that 1t probably is not. No evidence has been found to indicate
that there are seaward extending bathypelagic stocks inhabiting
relatively deep strata, which are available to fishermen only in
the areas where those strata touch the slopes of banks.

The group concluded that programs now in progress should be
continued, that age analysis should be intensified in order to
provide a dependable estimate of total mertality rate, that system-
atlec work on the identity of the stocks should be intensified, that
more effort should be given to trying to devise means of tagging
redfish, and that attention should be given to the possible advan-
tages of concentrating research effort on a particular small stock
of redfish rather than extending the effort to stocks in widely
different areas.

The group recommends that the subcomnittee on redfish and

hallbut be asked to discuss methods of estimating natural mortality
rate of redfish., Two techniques are suggested:

D5



-5 -

1. By cagging. To overcome the difficulties of tagsii.:
redfish, which do not survive when brought to the surface,
divers might be able to tag fish captured in a specially
constructed traw. dragged Trom deeper Into relatively
shallow water.

2. By statistical analysis of the age composition of a
stock in an area that has been subjected to two con-
trasting conditions of fishing pressure. There 1is the
further possibllity of closing an exploited area for a
long enough interval to effect a significant change in
population composition,

STATISTICS

The Scientific Advisers draw attention to the fact that in

some of the statistics by the Commission data on fishing effort

are not separated by species, and in these cases it is not feasi-
ble to compute indices of abundance. It 1s therefore recommended
that the Committee on Research and Statistics be requested to in-
clude on the agenda of the 195% Annual Meeting the subject of abun-
dance indices, partlcularly in relation to the collection for ICNAF
of statistics relatlive to landings by species and effort. Some
suggested toples for discussion under that subject are as follows:

How can catch per unit of effort be measured by sampling?
What 1s an adequate sample?

How can individual trip cards be standardized, even
though collected by different countries?

THE_ END
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1/
CUNBERVING NEW BEUGLAND HaDDOCK

Herbhert W. Graham

The international mesh regulation for haddock flshing on
Georges Bank went into effect June 1, 1953. The purpose of this
paper 1s to report on the effects of this regulation during the
first seven months of 1ts operatlon., Conversion from small to
large mesh gear took place gradually. A few hoats converted soon
glter June 1, bui conversion was not complete until QOctober 1.
From June 1 eight large trawlers were licensed to fish with small
mesh in order to provide information necessary for testing the
effect of the regulation. Observers were sent to sea on both
large mesh and small mesh boats to sample the catches and to sample
the flsh discarded as well as those landed.

Until this regulation became effective frawlers caught and
discarded at sea millions of pounds of small haddock with nets
having cod end meshes averaging 2-% Inches (Herrington, 1935
Greham, 1952a, 1952b; Premetz, 1953). The regulation requires a
minimum mesh size of 4-4 inches inside dimension.,

The purpose of this minimum mesh regulation 1s to lncrease
the age of first capture of haddock, that is, to save the undersize
fish for later capture at a larger size. An advantege 1s galned by
saving young fish only if they grow sufficiently fast and 1f enocugh
of them survive to be caught at a later date. Growth rates and
© total mortality rates are well knowr for Georges Bank haddock

{(Graham, l952bg. We calculated, using Beverton's (1952} formula,
that with known growth and mortality rates and with present fishing
effort, the optimum sustalned yleld would be obtalned if the effort
were applied to ages down to but not below three. Since there 1is
a market for fish somewhat smaller than three-year-olds, fish of
ages down to two and one-half years or slightly younger were regu-
larly landed.

Accordingly the size of mesh 1n the cod end of nets was adjus-
ted to allow escapement of fish two and one-half years of age and
younger (Graham, 1952b). The lowest age of capture with the small
mesh cod ends had been cne and one-half years. Again using Bever-
ton's formula we calculated that increasing the lowest age of cap-
ture from one and one~half years to two and one-half years would
increase the annual landings of haddock about 30 per cent after a
new equilibriam had been attained if flshing effort remained the
same, With this lowest age of capture the effort could be consider-
ably increased without reducling the total yield. 1In fact, greater
total ylelds would be expected with fishing intensity increased up
to 29 per cent.

The immediste effect of the regulation was expected to be a
slight decrease in landings due fo a logs of a few small marketable
fish, This decrease was expected to be less than 10 per cent the
first year and to be comnonsated by benefits the second year. There-
after there were to be increasing benefits until maximum was attained
several years later,

"1/ This paner was read at the Horth American Wildlife Con-
ference in Chieago, March 9, 1954 and will appear in the trans-
acticns of that conference.

D7



The results of the first few months of regulation have been
more gratifylng than expected. The smzll fish have been saved but
the expected 1nitizl decrease in tandings has not occurred, Instead
there has been a definite benefit enjoved by the large mesh boats
beginning from the time of conversion.

Figures 1 and 2 present a comparison of size distribution of
fish caught by licensed small mesh vessels with that of fish caught
by the large mesh vessels. It will be noted first that the quan-
tity of discarded fish was reduced to a negligible amount by the
use of the large mesh. Over two million haddock were saved by the
use of these nets during the first half year of the regulation and
its use was not general for more than three months of that period.
Another point demonstrated by these data 1s the lower landings of
marketable fish under 40 cm. in length (2.5 pounds) by large mesh
vessels. This loss, however, was more than compensated for by
greater numbers of large fish caught and landed. Since these larger
fish welgh more per individual, the net result was a benefit to the
large mesh boats..

The magnitude of this benefit 1s shown in Table 1., It will
be noted that the average landings of haddock by the large mesh
boats during the last three months of 1953 were about 2,000 pounds
per trip greater than that of the small mesh boats. Other species
of fish such as cod and pollock were also taken in greater quantity
by the large mesh boats. The total of all species landed by large
mesh boats was about 8,000 pounds greater per trip.

This direct comparison of landings of small mesh boats and
large mesh boats for the same period 1is not - falr one because no
account 1s taken of different sizes and efficiencles of the vessels
represented. A more valld test is a comparison of each group's
landings in the three months of 1993 with thelr respective landings
in the same period in 1952, Thils comparison is also shown in Table
1. It wlll be noted that in the 1952 pericd the average catch per
trip of haddock by the main part of the fleet, those boats which
were subjected to regulation in 1953 (Group BS, was less than the
average catch per trip of the eight boats which in the 1953 period
were licensed to continue fishing with the small mesh (Group A).
Their total catch of all species, however, was slightly greater
than that of the selected eight boats. Apparently the particular
eight boats later selected for llicensing normally tended to fish
in areas in which haddcck are proportionately more avallable than
other groundfish.

In 1953,7during the period of complete conversion of all

regulated vessels, the catch of haddock from Georges Bank was down

for all boats but to a greater degree for the licensed study boats.
The total catch of all species held steady for the large mesh ves-
sels but went down 10 per cent for the licensed boats.

. The landings of groundfish at Boston alone during the three
month perlod amounted tec alout 33 million pounds, worth about
three million dollars as landed. Had the regulation not been in
effect, this amount would have been about ten per cent less, or
down by about $300,000., There is every indicatlon that the advan~
tege enjoyed by the large mesh vessels will continue throughout
the year, when the benefit will be at the rate of $1,000,000
annuaily. 1/

1/ This I3 asswslng that the net has the same beneficial
effect on luve Scotian tanks as has been calculated for Georges
benl, & large proportlon of the effort of tie Boston fleet is now
srent on Nova Scotian banks,
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What is tne reason for these better landings? It wes : . pes-
ted when the regulation was propesed (Graham, 1952b, p.30) t'wt the
new nets might prove more efricient end thus reduce any deleterious
inltlal effect caused by the loss of zome small marketable fish.
Experiments by D:vis (193%) in Bnplend had indicated greater catches
of the larger sizes ol' haddoclk with a three inch mesh than with s
two and one-half inch mesh.

WJhen the advantage of the larger mesh in the Boston fleet was
first noted, it was suggested that perhaps the fishermen had changed
thelr fishing practices. Colton (unpublished manuscript) has found
that there 1s to some extent a separation of sizes of haddock with
depth. At certain seasons of the year, at least, larger haddock are
found in depths greater than 90 fathoms, and the actual pounds of
2addock available per tow are greater ihere than In depths less than

0 fathoms.

If fishermen shounld tend to fish deeper in order to avoid con-
centration of small fish because of a loss of some of the smaller
slzes, they would obtain larger catches by dragging in the areas of
larger fish. However, our present analysis of the distribution of
fishing effort with depth does not reveal any difference in the
habits of the large and small mesh boats. The study boats during
the last three months of 1953 spent as much . of their time pro-
portionately in depths over 90 fathoms as d1d the large mesh boats,
We are forced to conclude for the present, at least, that the com-
paratively greater landings of the large mesh boats 1is due to grea-
ter efficlency of the large mesh nets.

The effect of the conservation of the young fish will, of -
course, not be evident for a year or two., This advantage will be
added to that résulting from the more éfficient net. The increased
catch of the larger fish will not negate the value of conserving
the small fish. Increasing the efficlency of the net constitutes
an lncrease in the fishing effort and, as stated above, increasing
the effort up to 25 percent will resuit in increased total sustailned
vield.

Thus the large mesh net seems to be operating with a double
advzntage: small fish are being saved to add to the cateh later at

the same time that catches of larger fish are being immediately
increased,

IHE END
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SOME DYNAMIC CONSIDERATIONS
IN REGULATING THE GLGAGES BANK HADDOCK FISHERY
by CLYDE C. TAYLOR 1/

INTRODUCTION

The haddock fishery of Subarea 5 of the Convention Area, which
includes Georges Bank and the Gulf of Maine, is now subject to a
mesh regulation which has changed the age of first capture of had-
dock from about 1} years to 2% years. The considerations which led
to the enactment of this regulation have been glven by Graham (1952),

The enactment of a regulation of mesh size in Subarea 5 1s in
accord with the purpose of the Internationsl Convention for the North-
west Atlantic Fisherles, the Preamble of which states that the par-
ticipating governments have resolved to conclude a convention "in
order to make possible the maximum sustained ¥leld from those fish-
eries." It is necessary in evaluating regulations or other measures
proposed to achieve this purpose to conslder the dynamic factors
" which influence the characteristics of fish populations, especially
insofar as these factors may be controlled by man, It is our purpose
to examine the probable effects on yield of changes in the amount of
fishing and changes in the age of first capture of haddock with
particular refersnce to the Georges Bank fishery, '

The tgeofetica; model: The primary factors in an explolted
fish population were Iirst elucidated by Russell (1931) and are
expressed in the equation:

So o= S1 4 (A+G) - (C) - (1)

where 5o 1s the stock at the end of the period, 81 1s the stock at
the beginning of the period, A is recruitment, G 1s growth M is
natural mortallty and C is the cateh. In a steady state, él = 55,
which is equivalent to gaylng that removals hy natural mortality
andtfishing are balanced by increments through growth and recrult-
menc.

Equation (1) 1s axiomatic. Since its elements are inter-
related and dependent, it is quite impossible to apply it directly
to an analysis of the theoretical effects of changes in its factors
on a population, . .

In the following analysis of the effects of altering the age
of firat capture of naddock through mesh regulation or of changing
the amounts of rishinf coneentrated on the Georges Bank haddock
stock, the theoretical model developed by Beverton and Holt (Bever=-
ton, 1953; Beverton and Holt, in preas) is followed, The general
assumptions implicit in the form of the model we have used, and the
particular essumptions aprliceble to the Georges Bank haddock fishery
are as follows:

¥4 Fishery Research Blologist, North Atlaentic Fishery Investi-
gu“ions, Fish and Wildlife 8ervice, Woods Hole, Messachusetts,

D14



- 14 -

For any level of fishing intensitv and age of f'irst .apiire,
i1t is assumed that the iisnery is in « steady state with growth,
recrultment and mortality rotes conutans. It 15 assimed that the
rate of declire of the population at +:y tlme 1s proportional to
the population present at that time. From the age of first recrult-
ment to the fishing area (te) to the age of first capture by the
fishing gear (%o}, all deafﬁ; are assumed to be due to natural
mortality, so that we have:

N;ag Re {2)

where R 1s the number of fish recruited to the fishing area at age
Loy Hiorls the number of fish surviving to enter the exploited phase
of théﬂ}ishery, and M 1s the instantaneous natural mortality rate,

Begloning at age Eﬁﬁ the fish are subjeet to both fishing and
natural mortality. It {s assumed that during their first year in

the exploited phase, one~half of the fish are retained by the nets,
the other half escaping through the meshes. It is further assumed
that all haddock die at the end of their twelfth year of life (E;J.

Letting F indicate the instantaneous fishing mortality rate,

we have, then, beginning at age t.o*:
-(f?+ ) (t - tod

Nt =+ N;Je (3)

) In order to make the model apply as realistlcally as possible
to the particular conditions existing in the Georges Bank Fishery,
the hablts of the [ishermen in discarding fish of unmarketable size
have been taken into consideration. The extent of this destruction
has been described (Premetz, 1953), Through knowledge of the selec-
tlon properties of the gear {(Clark, 1952a, 1952b) and the cull curves
(Premetz, 1953), a correction factor has been applied to the yields
of fish between the ages of ocne and three, It is assumed, for ex-
ample, that haddock are recrulted to the fishing area at age one,

If the gear in use captures fish of this age, it 1s assumed that
none are saved for the market. The yield in weight of these fish
is, then, always Zero, although they are a loss to the population
beczuse they are destroyed in the process of capture.

The introduction of these practical considerations into the
model makes 1t necessary to compute ylelds in numbers and in welghts
on a year to year basis during the lifetime of a year-class 1n the
fishery. We have found it inconvenient, therefore, to use Beverton's
(1953) yield-in-weight equation even though the advantages of its use
are qulte obvious. The computations and swimations we have used do
not, however, differ in principle,

Growth rate of Georges Bank haddock: The fundamental bio-
logical characteristic which dlstinquishes the yield curves on one
specles of fish from those of another is the growth rate. If the
gear of a fishery i1s stabilized so that its selectivity among the
smaller and younger fish is constant, the growth function may be
effectively represented by the actual sizes at each age of fish in
the comnercial catch. Once the gear is altered, however, we must
know the actual slze composition of each age and the actual growth
rate to properly assessthe effect of the new gear,

Scales for growth studies have been collected routinely during
Season A (February, March and April) since 1931. These data have
been analyzed for ages three thirough six and back-calculatlions of
sizes at ezch age have been made. Since the gear 1n use prior to
June, 1953, r:tained all fish three years and clder, we have used
the average s .zes at apes three through six in our growth curve.
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For ages one :ad two, we have used a nmean slze based on back-calcu-
lations and weighted by the relotlive numbers of ages three tiarough
six in the averapge annual cetch. .

The parameters of Beverton's modification of the Bertalanffy
growth equation were determined by fitting a regression line to a
Walford plot of the growth data (Welford, 1946; Beverton and Holt,
in pressg. The resulting equation, gilving length at age £ 1s:

Ly = 66.86 (1 - e 0-3436t) W)

Equation (1) provides az means of extrapolating to sizes at ages
older than six where scale reading analysls dzta are not available.
The unwelghted growth in length data (Graham, 1952) are shown in
Figure 1, together with the Bertalanffy curve fitted to the welgh-
ted data.

Since Beverton's (1953) yleld-in-weight equation is not used
in our compataticns, we have preferred to use the actual length-
welght relatlonship for Georges Bank haddock in Season A, rather
than a cubic relationship. The eguation is:

log W= 2,7793 log L - 4.2322. (5)

Yield Curves: Yield-isopleth diagrams (Beverton, 1953) have
been constructed for the Georges Bank haddock fishery for two levels
of natural mortality. Filgure 2 shows the yleld-isopleth diagram
constructed with an assumed natural mortality of 0.2 and Figure 3
with an assumed natural mortality of 0O.1l.

Interpretation of the yileld-isopleth diagrams may be faclli-
tated by examining Figures % and 5, Figure 4 is a yield curve for
a constant fishing mortality rate of O.4 and a natural mortality
rate of 0,2 while the age of first capture 1s varied from ages one
to 12. It is a vertical cross-section of Figure 2 at the point
F = 0,4, Fipgure 5 is the yileld curve in which the age of first
capture is held constant at 4ow 2.5 while the fishing mortality
rate is varied., It 1s a horizontal cross-section of Figure 2 at
the point to= 2.5. ’

It will be noted that there are two lines of maxima crossing
the surface of the yileld-isopleth diagrams, indicated by the lines
AA' and BB', AA'" indicates the flshing intensity whieh will pro-
duce the maximum sustained yleld for any given age of first capture.
BB' indicates the ige of first capture which willl produce the maxi-
mum sustalned yleld for any given level of fishing intensity.

Eumetric yilelds: For any glven value of the lnstantaneous
fishing mortality rate, F, we see from Figures 2 and 3 that there
corresponds an age of first capture which produces a maximum yield.
These maxima are jolned by the lines BB' in the two filgures. DBever-
ton (1953) calls the line BB' the eumetric fishing curve and sug-
gests that the adjustment of fishing intensity and age of first
capture to the criterion of eumetrie fishing is the principle which
should underlie regulction of uny cdommercial Tishery in which te-
can be varied. This Is, of course, the principle underlying the
regulation of mesh size In Subarea 5 of the Convention Area.,

In #igure 6, the eumetric fishing curves of Figures 2 and 3
are shown two-dimenslonally. The value of te‘corresponding to esch
level of T is naderstood to be that which produces the maximum sus-
tailned ricld as defined by the lines BB' in the yield-isopleth

diegr. 3.
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The probable effects of mesh resuluation:s With the population
model for the Georges Bank haduock fishery of the preceding sections,
it is Lossible to assess tie direction and magnitude of changes 1in
yield to he expected lor any age of flirst capture or level of filgh-
ing. The effects must apply only to average conlitlons over a period
of years, since in the simple model used, all the assumptions in its
construction are not fulfilled. Recruitment and fishing intensity
are not, for example, constant from year to year. They have tended,
however, to fluetuzte about constant mean values so that over a
period of years the general implicatlons of the model are not lnvali-
dated. Natural mortality and growth rates may be functions of popu=-
lation density. Beverton (1953) has shown that the introduction of
density-dependent growth and natural mortality into the population
model does not alter the general character of the sumetric yield
curve,

Prior to June, 1953, the mesh in use by the New England had-
dock fleet had a fifty-percent selectlon point at about 1% years
(Graham, 1952}, The average annual yield from Georges Bank was
94,2 million pounds and the average days fished was 7,278 standard
trawler days. The totel annual mortality rate averaged 45 percent,
of whiech 30 percent (F = O.4) was considered fishing mortality and
15 percent (M = 0.2) was considered natural mortality. Entering
Flgure 2 at ¥ = 0.4 and {o= 1.5, we see that the yleld per 10,000
recruits 1s somewhat less than 10,500 pounds. We also note that
the maximum yield (line BB') for an age of first capture of 1.5
would be obtained with a fishing mortality rate of slightly less
than 0.3. It 1s apparent, therefore, that a decrease in effort of
about 25 percent would have increased the maximum yleld slightly
for the gear then in use. This increase would have amounted to
about 2.6 percent, or in terms of annual landings, would have in-
creased the catch from an average of 94,2 to 96.6 million pounds,
While this increase is small, in fact almost negligible, the im-
portant fact 1s that the same or slightly greater landings could
have been effected with only ahout three quarters of the effort
expended, a fact suggested by Nesbit (1952). The stock of haddock
was also being overfished in the sense suggested by Burkenrcad (1952)

Again examining Figure 2 at F = 0,4 we note that an age of
first capture of 2.5 indicates a yileld of about 13,500 pounds per
10,000 recruits, an increase of about 30 percent over that obtained
with an age of fipst capture of 1.5 years. . This is the theoretical
increase in catch expected to result from the increase in mesh size
effected by the haddock regulation in Subarea 5.

Two other facts of import.nce are to be learned from Figure
2. First we note that in advancing the age of first capture from
1.5 to 2.5 we have crossed over the line JA' and that the maximum
sustained yield would now be obtained with an increase in the flsh-
ing mortality rate to about 0.65, so that the stock 1s being under-
fished in the sense that the average effort is less than that neces-
sary to produce the maximum sustained yleld. We alsc note that for
F = 0.4, the optimum age of first capture should be about 3.5 years,

Since the matural mortality rate for Georges Bank haddock is
not known, 1t is instructive to consider the effect of rates other
than 0.2 on the equilibrium yields. As stated by Graham (1952),
it was the considered opinion of the advisers to Panel 5 that the
natural mortality rate does not exceed this value, and he pointed
out that benefits from increase in the age of first capture could
be cxpected at considerably higher natural mortality rates.
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Flgure , indicate the gonersl level of resultbs te v o2 ec-
ted 1f the natural mor ._iv. -.%e is chly half as greats (M= u,1).
We note at once that yield  -re twaslderably greater at ail values
for ages of first capture ...} rates ..7 fishing mortality. The per-
cent Incresse in yilelds in advancing e age of first capture from
1.5 to 2.5 yezrs 1is arnroximately the same. It 1s to be noted,
however, that the optimum age ot First capture for F = 0.4 1s now
about 5 years, and that in advancing the age of first capture from
1.5 %c 5.0 the increase in yleld would be about 55 percent.

Ihe effect on yields of exempting certain vessels from re -
lation: Many of the smaller vessels in the New England fleet fish
only part-time or during certain seasons for haddock, or may eatch
varying quentitiles of haddock incidental to the pursult of other
specles. Since the greater part of their effort is expended on
specles other than haddock, the requirements that these boats con-
form to the mesh regulation may be undesirable or rey create expen-
sive enforcement procedures. If these boats, or any portion of them,
are to be exempted from regulation, it 15 necessary to know what
ef'fect such exemption will have on landlings and on the total beneflts
to be expected from regulation.

The effort of any group of exempted vessels, In standard boat-
days, is measured by the ratio of the cateh of haddock of the exemp-
ted group to the total catch by all vessels. Only one-half of this
effort will be applied between the ages of 1.5 and 2.5, since the
small mesh used by unregulated boats 1s assumed to retain only half
the fish between these ages, After age 2.5, the nets used by exemp-
ted boats will retain all older fish, while the effort of regulated
boats is assumed to be only fifty percent effective between ages
2.5 and 3.5, after which all fish are retained,

To estimate the effects of exemption, two curves (Figure 7)
have been calculated on the basls of the above divisions of effort.
The first (solid line) shows the percentage decrease in landlings to
be expected by exempting various percentages of the total effort.
The second {dotted line) shows the percentage decrease in benefits
of the regnlation to be expected by exenpting varicus percentages
of tha total effort.

The catch of haddock by each tonnage category of vessels from
5 to 190 gross tons was tabilated for the prineipal New England
ports for 1952 and expressed as amounts of effort in terms of stan-
dard boat-days. In Figure 8 the data of Figure 1 are translated to
these amounts of effort expended by all vessels under various gross
tonnage from 20 to 150 tons,

- THE END -
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Figure 5. Cross-section of figure 2 at ter = 2,5. The annual yleld
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Figure 6, BEumetric yleld curves for the Georges Bank haddock fish-
ery. Curve A is with an assumed natural mortality rate of
0.2, Curve B is with an assumed natural mortellty rate of
0.1, Yields are in thcusands of pounds per 10,000 fish re-
crulted zt age one.
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