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Introduction

At the first annual meeting of the International Commission
for the Northwest Atlantie Fisherles, Washington, D. C., 1951, it was
agreed that it would be desirable as an experiment to establish a
minimum mesh size for haddock fishing in Sub-area 5. It was further
agreed that the mesh size should be set at a level which would allow
a maximum proportion of unmarketable-sized haddock to eseape with
rminimal effeet on the catch of marketable-sized fish (Graham, 1952},
Under the Commission, an international mesh regulation for haddoeck
fishing was brought into effect for Georges Bank and the Gulf of
Maine (Sub-area 5 of the Commission) on June 1, 1953.

The first step in the regulation called for advaneing the
mesh size of nets from an average of 2-7/8 inehes to 4-1/2 inches,
inside stretched measure. This step was estimated %o advance the
average age at first capture from 1-1/2 to 2-1/2 years preventing
the capture of most of the fish formerly discarded, while permitting
the escape of some of the smallest of the slzes formerly landed
(Graham and Premetz, 1955).

Pr 7 -] of the tio

On the basis of information of the selection characteristiea
of the 4-1/2 imeh mesh, studies of the culling practices at sea, and
theoretical e¢aleulations, 1t was predicted that the regulation would
virtually eliminate discard at sea, that during the first year of
regulation there would be a 10 per cent drop 1n landings, and that
the long-term effeet would be an increase of perhaps 30 per cent in
the average lifetime yleld of year-classes (Graham, 1952). Because
of the greater efficieney of the L~1/2 ineh mesh in eatching larger
fish, the predicted decrease in landilngs during the first year of
reguiation did not oeccur (OGraham and Premetz, 1955).

Agssessment of the long-term effects of regulation

Study of the long-term effect of the mesh regulation has
necessarlly been eoncerned with methods appropriate to the measure-
ment of year-class strengih in pre- and post-regulation years to
provide a base line with which to compare catches at different ages
and at different levels of fishing.

Taylor (1958b) has pointed out weaknesses which have been
found in the process of developing and applying methods of estimating
Sub-area $ haddock population size. The report shows that if, as
in earlier reports, it is assumed that there is a constant natural
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mertality rate, M, and constant q (the factor relating fishing
intensity to the instantaneous fishing mortality coefficient, F),
when in fact q alone varles In systematlic fashion with age, estimates
of the strength of a year-class may be more or less in error,
depending on the number of years of datu available. It follows

that errors in estimates of the relativs strenrths of two year=-
classes may be ezpeclally great if comparisons are made between

the estimates of abundance of a year-class which has been in the
fishery a short time and one which has been fished for a longer °
perlod. These dlscrepancles may he smaller when the same age-groups
areg used for estimating the strength of sach year-class, but errors
may stlll be important should there he undetected differences

in the variations of g between year-classes. When each of these
year-classes has been subjected to fishing throughout 1ts whole
lifetime, effects of systematic errors during the early years will,
of course, be partly averaged out.

Sugpegtiong for improved analysis

A problem of prime importance in estimating year-class silze
is determining correct values of g and of the natural mortality rate,
M. Tentatlve estimates of the magnitude of these quantities have
been made {Taylor, :99B8a) using a methcd suggested by Beverton and
Holt (1957), but the errors associated with these estimates are
sufficiently high tc leave some doubt as to their usefulness. In
addition, estimates were not poussible for ages earlier than L,
whereas we require estimates of q and M for calculating abundance
at earller ages if we are to measure the effect of mesh regulation.

A new method of estimating q and M from data on annual
catches and fishing intensities has beeu suggested by Palcheimo
(1998b, in press). Adaptation of Paloheimo's method may help im
deriving values of q and M at ages earlier than 4 -~ ages at which

and_parhags M, may be different from those of later ages
?*aylor, 19%8b), but we do not yet understand the blological basis
for these differences.

It appears that some of the problems we face 1ln estimatimg
year-class size will be resolved simply by waiting until more of the
post-regulation year-classes have completed thelr lifetimes in the
fighery and their entire fishing history is available. At the
moment statistics on the history of the 1952 year-class, the first
to come fully under the mesh regulation, are complete only through
1956, sc that, in a very real sense, attempts to assess the effect
of the 4-1/2 inch meah are premature. Data for the 1953 and 195%
Year-classes are avallable for only 3 and 2 years, respectively.

Qur previous attempts to assess year-class strengths have
consisted malnly and necessarily of analysis of gross annual
statistice. It now appears that it will be profitable to study
in greater detail, for both pre- and post-regulation year-classes:
seasonal changes 1n catchabillty, seascnal changes in size compo-
sition, length and weight of fish caught and fish landed, and
reliability of the sampling and statistical methods. This is a
ma jor undertaking whieh is underway and on whicl, preliminary reports
have been made {Taylor, 1957; Paloheimo., 12%58a).

The contlnuing study demonstrates that our measurements
of year-class strength prior to 1948 are subject to question because
we do not have data on the actual eatech of these year-classes at
age 2., Taylor (1957) showed a curvilinear relation between landings
per day at age 2 and l!fetime landings in numbers{Fig. 1). Using recent
avallable information on discards of young haddock at sea and the
length eompositicn of landings, 1t appears that this curvilinearity
probably refiected a major change in sizes of fish landed. That is,
a greater preoportion of the smaller sizes were landed from the recenmt
large year-classes, resalting in these cases in disproportionately
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high landings per day at age 2 compared to their tcotal lifetime
landings. A correction of the data on recent catches to make them
comparable to earlier practices in teras of sizes landed gives a
stralght line relation (Fig. 2) between landing per unit effort
of 2-year-olds and lifetime yield from the 1931 to 1953 year-
elasses, incluslve. Conversely, if we use the relation between
reeent {otal cateh and lifetime yield as a basis, we can estimate
from it the total catches of 2-year-clds which were probably made
in earlier years. The difference betwsen this catch, and the
data on landings, represents small fish discarded at sea. That
the relationship between eatch per day at age 2 and 1ifetime
¥ield 1= actuaily a stralght line 1s supported by the observed
linear relation between the cateh per day of 3-year-olds and
lifetime yield. Discards of 3-year-olds are negligible. The
linearity of the relation is further confirmed by the straight
line which 1s given by the theoretically simpler relationship
?e?weeg)catch per day at age 2 and estimated vear-eclass abundance
Fig. N

We thus have what appear to be improved estimates of
catehes of 2-year-olds in early years. From them we may caleulate
values of q and M appropriate for estimatling abundance for this
early age. It must be recognized, however, that these estimates
can never be confirmed directly because the necessary discard
information for earlier years 1s lacking.

Change in Jlength composition of the cateh feollowing regulation

The continued study of our data shows some other
interesting relationships which are consistent with the expected
effects of regulation but which could not have been predicted
without ocur improved knowledge of seasonal patterns of catc¢h,
discards and growth.

Figure 4 glves, for the 1948 and 1952 year-classes of
haddock, the average annual size composition at ages 2, 3, and 4.
It shows that the sizes of fish landed from the 1952 year-claas
were consistently larger than those landed from the 1948 year-
class.

The 1952 year-class was fished by large mesh nets, which
virtually eliminated the capture of small fish discarded in earlier
Years, Landings per day of the 1952 year-class are therefore
egquivalent to catch per day. The 1948 year-class was fished by
small mesh nets and about 6.8 miliion small fish were caught and
dlscarded as 2-year-olds. Landings per day of 2-year-olds are
therefore lower in number but larger in average size than catches.
There are no data on size and age composition of these discards,
but if they were similar to the 1949 and 1950 year-classes, sizes
of 2-year-old fish landed from the 1948 year-class were on the
average 1 c¢m. larger than those caught. Discards of 3-year-old
fish are negligible, so that landings per day for the 1948 year-
class at this and older ages are equivalent to catches per day.

Taking this information on discards into account, 1t
appears that in commercial landings, catches of the 1952 year-
class at each age have heen composed of consistently larger
sizes than catches of the 1948 year-cl.ze. Our information on
sizes of fish selected by the two gize: of net, and of seascnal
varilations in the avallability of smail fish to capture, indicates
that these size-composition changes are a result of fishing by
large mesh, and 1llustrates that henefits from the regulation are
already reflected in the flshery.
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The increase i slwe oo t1on ot calohes of 2-year-
olds from 1948 tc 1952 appears to re (b lrom the del:y in their
average age at first capture from 1-° ' to o172 years of age,
although seasonal changes in catche: ndicate that few of them
are ever avallable tn Lhe flshery di. ing the first quarter of
theilr 1life as z-year vlds. The 4.1/, 1nch mesh with 50 per cent
selection poilnt at 1/ centimetres th:  efore las eliminated the
progresslive flshing of the larj.r ou- year-oid fish, and somewhat
dalayed capture in the second quarte: of their szecond year. When
they were eventually taken hy the fi:niery, they had apparently
reached a larger average size thap belore.

Changea 11 iength compositien of ~atches at age 3 and W
indicate that increased numbers of 1-rger sizes of fish, which
apparently resulted from savings duriug thelr earlier life, are
showing up in sigrdficant numbers in . atcohes of the 1652 year~
clasa. At age 3, however, the smalle: sl1zes are s5till liable to
selection by large mesh. Therefore, .linnugh there are lncreased
numbers of the larger s-year-old ha’'!wck, the sualler 3-ycar-olds
are less well represented. The Y=ye-r-old Tis! appear to be the
first age group not subject to seleation by either size of net.
In this case, the relative numbers of the smaller lk-year-clds in
1952 year=-class are about segual to th-ir numbers in the 1948,

Concommitant with these chauges in size composition,
there have been changes in the catceh oer day {1shed of the two
year-classes. The large mesh nets permit more escapement of all
sizes of 2-year-olds than do the small mesh pets, so that i1f the
1948 and 1952 year-ciasses had been ! neariy equal size, 1t would
be expected that 2-year-old catches ot the 19%2 year-class would
be smaller than catches of the 1948 year-clast, as in fact they
were, However, ithe seasonal pattern of catches of 2-~year-clds of
the 1952 year-class supgests that thev became available to the
fishery relatively =arlier than had Lhe L9448 vear-class and
unexpectedly large numbers of them weie taken during the second
quarter of 1954. As a result, the annual catch of 2-year-olds of
the 1952 year-class is relatively higher than we would have
expected on the basis of mesh selection alone.

At 3 years of age the large mesh nel st{i1ll permits some
escapement of smaller slzes. However, if use of this net had
allowed appreciable savings at the earlier ages, it would be
expected that the 1952 year-class wouid be rela&ivsly more abundant
at 3 years of age. Figure 4 and Table I show that compared with
the 1948 year-class, the 1992 year-class is slightly less well
represented in the 3-year-old catch than the 2-year-old. This
appears to have resuited from the increassd avallabllity of the
1952 year-class in their second season of capture as 2-year-olds,
rather than a drop In thelr relative representatlion in the cateh
of 3-year-olds. Assessment of the elfects of the greater per-
centage retention at 3 years of age must therefore await calcula=-
tlon of actual abundance, and studies of changes in avallability
with seascn.

The cateh ol the 1955 year-olass al b years of age is
higher than was the catch of the 1948 year class, 1f initial
abundance of each year-class was the same at the beginning of
age 2, thls Increased relatlve catch (re=ulting primarily from
inerease of lavger slzas) at age b mut have resulted from the
earlisr savings.

In this comparison we have assumed that the L1948 and
1992 year-elasse:r were of eqaal aboarianse near the begloning of
age 2. Paloheimo (199832} has concludsd thal this 1s the case.
If on further study his conciusion i+ confirmed, the data presented
here suggest Lhal Increased savings " small i:h {rom age 1-1/2
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to 2-1/2 will show the first benefit to the fishery as increased
catch in numbers at age +. However, it was earlier suggested by
Taylor (1957), and seems quite possible on the basis of the
continuing study (Taylor, 1958b), that the 1952 was smaller than
the 1948 year-clase near the beginning of age 2. In this case,
the date on size-composition changes indicate that benefits in
terms of increased catch in numbers may first appear at age 3.

Table I shows that benefits to the fishery in terms of
weight of fish landed may appear at earlier ages than they do in
terms of numbers of fish landed. The data of Table I show that
in this particular case there were relatively more pounds of
2=year-olds landed from the 1952 year-class than from the 19#8,
even though there were fewer numbers caught. However, a part
of this benefit was almost certainly a result of natural changes
in seasonal availabllity of 2-year-olds from year to year,

Further study may show that beeanse of seasonal effects, detection
© of benefit in some years may be even more difficult than it appears
to have been in this instance. In any case, reliable measurement
of benefits will be possible only when we can make more accurate
estimates of year-class strength.

References

Beverton, R. J. H. and 8., J. Holt. 1957. On the dynamics of
exploited rish populations. Min. Agric. Fish,, Fish.
Invest. Ser. II, 19: 1-533.

Graham, H, W. 1952, Mesh regulation tc increase the yleld of the
(sorges Bank haddock fishery. ICNAF 2nd Annual Report for

1951-52, pp. 23-33.

Graham, H. W. and E. D. Premetz. 1955. First year of regulation
in the Georges Bank haddock fishery. U. S. DeEtu of Interior,
Fish and Wildlife Serv. Spec. Sci. Rept. No. 142, 29 pp.

Paloheimo, J, E. 1958a. Estimation of the year-class strengths of
the i9hB, 1950 and 1952 year-classes of Georges Bank haddock,
Icggr Quebec Meeting 1957. ICNAF Document 2, Appendix V,
1958,

Paloheimo, J. E. 1958b. A method of estimating natural and fishing
mortalities. J. Fish. Res. Bd. Canada, 15. In Presas.

Taylor, C. C. 1957, The effect of mesh regulation on Gsorges Bank
haddock ylelds. 1957 Joint Sci. Meeting of ICNAF/ICES/FAO,
Lisbon, Paper No. P.27.

Taylor, C. C. 1958a. Natural mortality rate of Georges Bank
haddock. U, 8. Dept. Interior, U. 8. Fish and Wildlife
Berv. Fishery Bulletin No. 126, 7 pp.

Taylor, C. C. 1958b. Methods of assessing the effect of regulation

;n Georges Bank haddock. ICNAF Annual Meeting 1958, Dboument
Co ___.a

D6



o
7
<
»

o i .

s e capy

i
T T LR TR | BO4T w7 f +°6¢ 1 4°6Y | 24T 12384 2:17 2°Q +
tg- 9°Td | T°Ht £eeg g gt g°81 0'9s | T° 1w 6q°9 £ 64 Lo ge £
3g° g°18 T°94 18°4 G in 9 z¢ g8 69 £ 49 64§ 1 gr st Z
sdeqmnu (000} {000 ) {poUsty (*=q1 (000:) [{0004) (PeUST I (9T
Ut M/0 JO pepueT|aydnes sfep SUCTTTIM) [{SuojITIW} [| papueTigydned BAED SUOTTTTW) [{ SUOTTTTT)
ghi/2G TIM *oN |spuesnoys’ | pepuert jyanesd ‘3¢ | "*oN [spuwsnou3) | pepuet yEneo
oTaey 3/0 310339 JudToy SIsqumy a2/ FI0J I Jy3tapy Elaquuy a2y
sseTo-desl 2667 ESBTO-JBRL GhoT
*s$865eTD=-aE04
C46T PUE gHbT OU3 JO # 03 g $93e uo LISYSTJ Hooppey Nued 6931065 o3 JO EOFIFTIVAS TEODUuy °1 8Tqe]

D7



80 I T T

LIFETIME YIELD—MILLIONS OF FISH

| | 1 1 1

1000 2000 3000 4000 5000 6000
CATCH PER DAY AGE TWO

Figure 1. --Curvilinear relation indicated by lifetime landings plotted against

landings per day at age 2.
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Figure 2. --Linear relation indicated when landings per day at age 2 are corrected
to & standard size compoaition by removing from the landings per day and
the lifetime yield the numbers of amall fish landed in certain yeara which

would have normally been discarded.
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Figure 3. --Linear relation indicated when the catch per day at age 2 {landings
plus discards for the 1948 to 1952 year classes and landings plus
estimated discards for the 1931 to 1947 year classes) are plotted

against the estimated population size.
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Figure 4. --Size compositions of catches at ages 2, 3, and 4 of the 1948 year class
{daghed line) compared to those of the 1952 year class {solid line).
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