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IAtroductiOA 

At the first annual meeting of the International Commission 
for the Northwest Atlantic Fisheries, 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 escape with 
minimal effect on the catch of marketable-sized fish (Graham, 1952). 
Under the commiSSion

l 
an international mesh regulation for haddock 

fishing was brought nto 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 advancing the 
mesh size of nets from an average of 2-7/8 inches to 4-1/2 inches, 
inside stretched measure. This step was estimated to advance the 
average age at first capture from 1-1/2 to 2-1/2 yearS l preventing 
the capture of most of the fish formerly discarded, wh Ie permittiag 
the escape of some of the smallest of the sizes formerly landed 
(Graham and Pr.metz, 1955). 

Predi.ted etfeet. of the regulation 

On the basis of information of the selection charaeteristi •• 
of the 4-1/2 iash mesh, studies of the culling pract1ces at sea, and 
theoretical calculationo, it was predicted that the regulation would 
virtuallT eliminate discard at sea, that during the first year of 
regulation there would be a 10 per cent drop in landings, and thet 
the long-term effect would be an increase of perhaps 30 per cent in 
the average 11fetime yield of year-Classes (Graham, 1952). Because 
of the greater efficiencT of the 4-1/2 1nch mesh in catching larger 
fish} the predicted decrease in landings during the first year of 
regUlation did not occur (Graham and Premetz, 1955). 

A.se.sment of the long-term effects of regulation 

Study of the long-term effect of the mesh regulation has 
necessarily been concerned with methods appropr1ate to the measure
ment of Tear-class strength in pre- and post-regulation years to 
provide a base line with which to cOllpal'G catches at different ages 
and at different levels of fishing. 

TaTlor (1958b) has pOinted out weaknesses which have been 
found in the process of developing and applying methods of estimating 
Sub-area 5 haddock populat1on size. The report shows that if, as 
in earlier reports, it i. assumed that there 1s a constant na~ural 
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mortality rate, M and constant q (the Llctor relBt1ng fishing 
intensity to the Instantaneous fi.hing ITlortallty coefficient, F), 
when in fact q alone varies in systemattc fash.1on with age, estimates 
of the strength of a year-'class may be r10re or less in error, 
depending on the number of years of dat,c; avail:lble c It follows 
that errors in estimate!: of the relRtiw' :3trenrt!lS of two year
classes may be egpeclally great if cornp8r1sons are made between 
the estimates of abundance of a year-cl:,.ss which IMS been in the 
fishery a short t Ime and one which tlas heen fJ,Bhed for a longer . 
perlodo These discrepancies may be smaller when the same age-group. 
art;! used for estimating the strength of each yeat'~·class, but errors 
may still be important should there be undetected differences 
in the variation.s of q between year-classes .. When each of these 
year-classes has been subjected to fishing throughout its whole 
lifetime, effect. of systematic errors during the early years will, 
o! course, be partly averaged autD 

Suggestions for improved analYsis 

A problem of prime importance in estimating year-·class size 
1s determining C0T'l'ACt values of q and l1f the natural mortality rate, 
M. Tentative estimate::; of the rnagnituclo of these quantities have 
been made (Taylor, 1958a) using a method suggested by Beverton and 
Holt (1957), but the errors as,.oelated with these estimates are 
suffiCiently high to leave some doubt as to their usefulness. In 
addition, est1mate,~ were not possible for ages earlier than 4, 
whereas we requlrt:: esttmates of q and M for calculating abundance 
at earlier 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 beel! suggested by Paloheimo 
(195Bb, in press). Adaptation of Paloheimo'. method may help in 
deriving values of q and M at age. earlier than 4 -., ages at which 
'h and perhaps M, !Oay be different from those of later ages 
(Taylor, 195Bb), but we do not yet under.tand the biological bali. 
for these differences. 

It appears that some of the problema we face in eatimati .. 
:rear-class size will be resolved simply b:r waiting until more of the 
post-regulation year-classes have completed their lifetimes in the 
fishery 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, so that, in a very real sense, attempts to asses. the effect 
of the 4-1/2 inch mesh are premature. Data for the 1953 and 1954 
year-classes are ava,11able for only 3 and 2 years, respect1vely. 

Our previous attempts 'to aasess yea)'~·class strengtha have 
consisted mainly and necessarily of analysis of' gross annual 
.tatistic.. It now appears that it will be profItable to study 
in greater detail, for both pre- and post'"Tegulatlon year~classes: 
seasonal change.! in catchabll1ty, seasonal changes in size compo
sition length and weight of fish caught and fIsh landed and 
reliabhityof the sampling and statist1cal methods. ThIs is a 
major Wldertaktng which is underway and 011 whi(}" prelim1nary report. 
have been made (Taylor, 1957; Paloheimo, 1958al 

The contInuing study demonstrates that our measurement. 
of :rear-class strengLh prior to 1948 are subjeet to question because 
we do no't have data on the actual catch of these year-classes at 
age 2. Taylor (1957) showed a curvilinear relation between landi ... 
per day at age 2 and lIfetime landings tn numbers (Fig. 1). Udq recent 
ayailable information on discards of young haddock at sea and the 
length composition of landings, it appear. that this curvillnearit:r 
probably reflected a major change in sizes of fish landed. That i., 
a greater proportion of the smaller sizes were landed from the receat 
large year-classes, resulting in these cases in disproportIonately 
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high landings per day at age 2 compared to their total lifetime 
landings.. A correct.ton of the data OIl recent catches to make them 
comparable to earlier practices in terms of sizes landed gives a 
.traight line relation (Figo 2) between landing per unit effort 
of 2-)"ear-olds and lifetillle )"ield from the 19)1 to 1953 )"ea1'
classes, inclusive. Conversely, if we use the relation betweea 
recent total catch and lifetime yield as a basis, we can estimate 
frolll it the total catches of 2-year-olds which were probabl)" made 
in earlier )"ears. The difference between this catch, and the 
data on landings, represents small fish disca!'ded at sea. That 
the relationship between catch per day at age 2 and lifetime 
yield is actually a straight line is supported by the observed 
linear relation between the catch per day of 3-y(~ar-olds and 
lifetime yield. Discards of 3-year-olds are negligible. The 
linearity of the relation is further confirmed by the straight 
line which is given by the theoretically simpler relationship 
between catch per day at age 2 and estimated year-class abundance 
(Fig. 3). 

We thus have what appear to be improved estimates ot 
catches of 2-year-olds in early years.. From them we may calcUlate 
values of q and M appropriate for estimating abundance for this 
early ageo It must be recognized, however, that these estimates 
can never be confirmed directly because the necessary discard 
information for earlier years is lack 1 ng" 

Change in length composition of the catch following regulation 

The continued study of our data shows some other 
interesting relationships which are consistent with the expected 
affects of regulat10n but which could not have been predicted 
without our improved knowledge of seasonal patterns of catch, 
discards and growth. 

Figure ~ gives, for the 1948 and 19,2 year-clas.es of 
haddock, the average annual .1ze composition at ages 2, 3, and ~. 
It shows that the sizes of fish landed from the 19,2 year-class 
were consistently larger than those lauded from the 1948 year-
01a880 

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 
equivalent to catch per day. The 1948 year-class was fished br 
small mesh nets and about 6.8 million small fish were caught and 
discarded 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 the)" were similar to the 1949 ond 1950 year-classes, sIzes 
of 2-rear-old fish landed from the 1948 year-class were on the 
average 1 cm. large,. 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 dayo 

Taking this information on discards Into account, it 
appears that in commercIal landings, catches of the 19,2 year
class at each age have been composed of cons~stently larger 
sizes than catches .of the 1948 year~cJ ',.g-.! ~ Our information on 
sizes of fish selected by the two SiZ(",:; of net 1 and of seasonal 
variations in the availab1lity of small fIstl to capture, indicates 
that these size·-compo~;1tlon changes are a result of fishing by 
large mesh t and i.llust1'ates. t.ha. t benefits from the regulatiOn are 
alrea4)" rerlected 1n the fishery. 
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The inCrl;:!.1:;(" 1[; ;';1£.'" . ',:" ll( It 11 ·~aL( lle,;-; .")f ?--year-
olds from 194h t.L' 1 '--!S,) appears tr, n' 11 t 11 "In the d~l:\y in their 
average age at first c'!ipture frnlrj }.' ,', t.o c_':'112 years of age, 
although seasoll<'ll roh;)nf~s i.n '._<ltd,,,,,,, Ildl";,t!: that few of them 
are ever avallablB t,..., Lhe fl,Sh('lY dl, ilJg tht" first quarter of 
their life as ~. yenr (lIdS <'- TtI,,!~ II 1.0'.:h JlI(o·';t! with 50 per cent 
selection pOlnt, at 3'/ cent1metn'E- ttl': eLirf:; I.'IS ellminated the 
progressIve ftshing of th~ J;"/"I_'.I nt!·- Y"-"-:l.I -\,I·j fish 1 and somewhat 
dalayed capture ltJ ttle second fjual'tt:" '_',1' til,:,' J r second year. When 
they were eventually taken by \:the fl'~:lerY1 they had apparently 
reached a larger Average size ttlan b,)rure~ 

GhaJlf~3 l!; length compositl('n of ':'lv .. hHS at age 3 and 4 
indicate that in.::r'ea5ed numbers of ]-'!'-ger 31z''>,'~ (,1' fish~ which 
apparently resulted from savings durj!lg t.he1r {;,,1rller life, are 
showing up in :~.1f!,/ltf}(~C1llt numhpr.s In . 3.t~h·::.::: i·r ttw It)'-'2 year~ 
classe At age 3~ llcwevt:r, the SIn.8l!>-:1 ~.,lz8S "He still liable to 
selection by large meshn Thf!reforf:', dLnol~fl-, tiler€' are increased 
numbers of the lCirger j·year 0[:1 ha' !'~Ck1 t!J~' :~!,!n.ller 3-ycar-olds 
are less well repI'esentedo The It-ye-·J'-.old 11..,,1 appear tu he the 
first age grollp not subject to sele~( lon by f'ither size of neto 
In this case, tIle relative numbers of the sD:<Uler ll--year-01ds in 
1952 year-class are about equ9.1 to tll·dr fJllm'h.<-·rs in the ICJ4Bo 

Concommltant with the':'i8 cllddge;:; III ,\l:1,e composition, 
there have been changes in the C"Jl.tc:b ')~r fji'l.:" 1']5lJ\~d uf t.he two 
year-classeso The large mest'! Ilet~ l,,:.rmlt more'! eseapement of all 
sizes of 2-year "olds than do the smai L mesh {lets, so that if the 
1948 and 1952 year-classes had been (,I" ne:ury equal size) it wouJ.d 
be expected that .?-yeaI"-·old catches "1" the 19';.2 year-,class would 
be smaller than catches of the 194B .'·!':'3.r-,elas'!y as in fact they 
wereo However, the seasonal pattern of catches of 2R'1ear~olds of 
the 1952 year'~cla5s sllfgests that thf-v became availabJ e to the 
fishery relatively earlier than had L)U::l 1 S'litH yeF:l.r ~c.lass and 
unexpectedly large numbers of them w,,~! e taken during the !Second 
quarter of 19~o As a result, the annual catch of 2~year-olds of 
the 1952 year-class 1s relatively higtler than we would have 
expected on the bas1! of mesh selection a10neo 

At 3 years of age the 1arg~ mesh ne~ st.ill permits some 
escapement of smaller sizes" However, if tlse of this net had 
allowed appreciable savings at the eal'lier ages it would be 
expected that the 1952 Tear-clas. would be relah'le1T more abundant 
at 3 yean of age 0 Figure 4 and Tab]" I show t.hat compared with 
the 1948 year-class, the 1952 year-clas. 1s slightly less well 
represented 1n the }'year-old catch than the 2-year-old 0 Thi. 
appears to have resulted tram the inereased availability of the 
1952 year-class 1n the1r second season of capture as 2-year-olds, 
rather than a drop In their relative representation in the catch 
of 3-year'''olds 0 Assessment of the efrects of the greater per
centage retention at 3 years of age must therefore await calcula
tion of actual abundance, and studies of changes in availability 
with sessono 

The C3tCi'l ur the lY)2 year ··"l<l!-o'; ,_11. It y(~aI's of age is 
higher than was the ca tch of the 1 g4e y'~a r r.; tass 0 If in1 tial 
abundance of each Yfjar· c) ~ss was the ;-,am9 i'\t the begi.rming of 
age 2, this increased rel"tt1ve crlh;ll Irf>'-Oldtlng primarily from 
increase of larg"r sj .c;."'!s) Ft.t age It 11111: L h."i\rl? n':'~lll ted from the 
ear11er sa"llngso 

In thIs (:L1rnpdrlSOn WI~ 118ve ,t~::,umed that. the 191+-B and 
,1952 year-classe~, w(re, of eq,j.cd "bllT.,!·,nc:::e n"~=i.l the beginning of 
age 2._. palohe1mc· (,]95f5,1' fl8;; (.clnclud,d thal thls Is the caseo 
If on further stu,jy 1115 '::Cln(lU31Gn i'" conflrr..t]ct'I t,he data presented 
here suggest lhat Incred.::,ed 5d.vtngs I small fl·;tl from age l~l/2 
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to 2-1/2 will show the first benefit to the fishery a8 increased 
catch in numbers at age 4. HOWeyer! it was earlier suggested by 
raylor (1957), and seems quite pas. ble on the basi. of the 
continuing study (Taylor, 1958bJ! that the 1952 was smaller than 
the 1948 year-claes near the beg nnillg of age 2. In this cas., 
the data on size-compos1tion change. indicate that benefits in 
terms of increased catch in numbers may first appear at age 3. 

rable 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 .how that 
in this particular case there were relatively more pounds of 
2-year-olds landed from the 1952 year-cla .. than from the 1948, 
eyen though there were fewer number. caught. However, a part 
of this benefit was almost certainly a result of natural change. 
in .easonal availability of 2-year-olds from year to year. 
Further study may show that beea" •• of 8easonal effects, detection 

, of benefit in some years may be even more difficult than it appears 
to haYe been in th1s instance. In any case, reliable measurement 
of benefit. w1ll be possible only When We can make more accurate 
estimates of year-claas strength. 
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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 a standard size composition by removing from the landings per day and 

the lifetime yield the numbers of small fish landed in certain years which 

would have normally been discarded. 
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