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. the Ra#aurec
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Int;ggget;eaz

The purpose of regulation of the htdioek fishery in Subarsa V of the
convention aresof the International Commission for the Northwest Atlamtis
Finhtiida is to cbtain the maxiome sustained yleld of this rescurce.
Regulation is based on control of the minimum mesh sise used by other
travlers engaged in fishing haddoek, thus affecting directly the age at
whieh fish escaps from or are retained by the fishing gear.

The maximem sustained yield of a fishery depends en a mamber of
factors, among which are the growth rate, the matural meortality rate,
the rete of fishing, and the age at which the fish are first captured.
Any of these factors may vary fr«l,ytir to year and from sne y'aryela:a
to another in the fishery. Sinee it is the long-term maximum sustaimed
yield that is sought, the expected results of regulation to achieve this

 yield must be predicated om the long-term averages in variations in the

above rnetors.' The part these factors play in formulating a suitable
mesh regulation for the Subarea V haddock fishery :/s reviewed here.
Orowth Rates:

Study of the growth rate of haddock from Georges Bank, the principal
fishing ground in Subarea V, shows that the variations in growth which
ocourred in the various year classes over the perdod 1930 to 1930 have been
of minor importance, at least as far as their effect on yields are con-

cerned. It is, therefore, possible to construct a growth curve for
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siseh more rapldly than haddock of the neighboring banks in Subaress III
and IV, especlally during the first four years of life. (Figure 1).




| Mortality Bates: - A
Over & periocd of 17 years, the anngcteﬁlamlmmlitynta

bas been about 45 percent (Figurs 2). This represents both patural and
fishing mortality. In assessing the prebable effects of an incresse in
pesh sise, various eombinations of fishing and natural mortality wers used
over a range of natural mortalities from O to 30 percemt. It was the
considered opinion of the Scientific Advisors to Panel V that the natural
mrulity probably did not exceed 15 perecent. Recent studies of the
Averags age af aptm'e of eaehmrchn ausltht contrilmt:l.onin mumbers
during the 1ifetine of the ysar class in the fishery support this
cenclusion. | o
 Age_of First Capture: . | .

© Prior to the snactaent of a mesh regulation in Subarea V, the average
mesh size used in the haddock fishery was 2-7/8 inches (stretched, inside

knots measurement when wet and in use).  This mesh has a fifty percent
selection point for haddoek about 1-1/2 years old. The mesh required after
mesh regalationis 4-1/2 inches (measured wet and in use) and has a 50
psrcent selection ip;:int at 2-1/2 years. The 4-1/2 inch mesh was selected
as an initial step toward attaining the optimum age of first capture of
about 3-1/2 years. This initial increase 1s designed to allaw the
escapement of unmarketable fish wvhich were formerly caught and discarded |
at sea., The escapement of these fish to be mptund at a later date is

a substantial contridution to the overall benefits to be expected from

the present regulatienm. |



¥hils growth and natural mortality rates may fluctuate about stable
%ﬁmumwunwucmMMomhum,;md
while the age of first capture may be established by mesh size, control
afmmntqfﬁsunghm?mimtb«nawghts

| The relation of the pnscnt- mash size with an age of first capture
. 8%-2-1/2 years to variations in the amount of fiahiag within Subarea V
‘and to the catches of iadividual bosts must. be considersd.

‘Ovc‘rthe wﬁrmwmhmummmm
have averaged 9.2 million pounds with an average effort of 7,278 fishing
days. The various comparisons which follow may be related to thess figures
as the "sverage”, or the 100 percent bass, lsvel of catch and offort.

Beverton has shown that the instantanscus fishing mortality rate varies
as - log (1 - p) n, or o

Pok/-log1-p)n] ()
vhera P is the imtantmm fishiag mrtt]it,y rtta, P is the gear o!fieimey,
nisthcmofmttofcffarb, and k is a eonmstant.

If it is assumed that ‘the units of gear are not competitve, equatien
(1) reduces to & simple linear relationship betwsen {ishing mortality and
effort: |

Fein . (2 .
The effect of gear competition is to change the ei‘ﬁoism, P, in equation
(1)« The assumption of no gear coﬁp-t:ltm is equivalent to stating that
the Pish redistribute themselves over a fished arsa so that subssquent
hauls continue te remove the same propertion,\ p, of the remaining population.

i



Endcr.intcuain, localised fishing, thii condition may not be roelind,.
_+gspecislly for short periods. From ﬁmtion (2) we see that doubling
‘or halving the effort will double or halve the instantans’ sus fishing
‘mortality rate (but not the total annual rate or the ammal fishing
nortality rate).




Table 1 presents levels of fishing effort referred to the overage
affort of 7,278 days a8 IOOpereut, mmmimmrhntynm
:’Wmtathenhuho!drm.

" Lpp]:i@fhcmﬂalityuﬂcoffabhl,tbumﬂihﬁmﬁoﬁpﬁr
10,000 recruits emtering the fishing area atage 1 is ealeulated for each
level of fishing cffo‘:ét., both before and after a change in mesh size.
ﬁththepmuntmh,itismmitht%pmntoflollzyouemm
-aup&tkmghthtm. Mammmm’ﬁﬁﬂ
mamumx-mmmm«mmmnmor
mz-mmmnm. From sesh selectivity experiments and Imowledge
ermumm,uum«mesepmaz-x/zmem
fmwnaptwmblﬂimmmmmt%ma
‘thoz—lﬁﬁuhbmgm.adnk\duhm“nm

Under average conditions, priutawnuhchsm,thomtﬁul
~umuwm(15m}uumumumm1u1-1/z
Wefore the recruite become avallable to fishing. mmmm
change, this rate sperates 1-1/2 years (age 1-2-1/2) befors the recruits
becems available. - |

It is pointed out that natural mortality and growth rate are assumed
te remain censtant at all levels of populatisn density, This assusption is
»M ineomet llgt.nnl mortality may mm- and gruuth rate do-
ereass with the hi;h pew.hum aceompanying decreassd effort, whilo the
mmwumattNAwahtMImBmwmm_
effort. These effects would tend to offset to sows degree some of the |
apparent tdnnt:gu of decreased affort. ) | .

-



Table l.~A:nual effort in days, as percent of averaze effort,
and tie corresponding instantariel us and acnual
mortality rites,

.ém;nal - Annual ,
Zffort Bffort Instantaunegos lates
Davs) ‘ (2) | Fisnine st»..l'- argd To al
1,820 - 25 ox | 0.2 ol3
3,639 50 .2 .2 4
5,459 v/ T .3 2 3
7,278 00 &4 2 5
9,09 125 5 2 L7
0,917 150 . 2 3
37 s 7 2 9
»556 | 200 .3 .2 Lo
1




Table 2 presents the equilibrium yields to be expected at effort
:;: 1s varying from 25 percent to 200 percent of "average" effort by
b ; pcrecnt intervals prior and snbuquent to a mesh ehnnge eﬂ‘ecf.im
age of first capture at 2-1/2 years. ,
~ The maximm sustained yleld using present mesh would ecour with a
decrease :;f 25 percent ;n‘aftorb. _‘l'h:!.s decrease in effort ﬁnld increase
the catch about three percent or azlittle less than three niuion pounds.,
With the proposed :hacmu in mcsh size, the maxisun aultainod yield
| mld be obtained with abont 25 parcnnt inerease over average effort.
m increase, however, would be relatively mll, about one percent.
It is mmsting to note that over the offort range 100-200 pervent,

the sustained yleld 1g almost constant after the proposed mesh change.
Doubling average effort decreases the catch less than two percent of its
_maximra value. Hithv the proposed mesh change, it becomes impossible to
capture fish prior to their period af maximum growth rate. In contrast, -'
doubling the sffort with the small mesh would decrease the maximum yield '
by about 22 percent, the result of an intensive fishery concentrated on
small, rapidly growing fish.




~ Table 2 presents the equilibrium yields to be expected ai effort
'? " . _
Jawals varying from 25 percent to 200 perceat of “average” effort by

zﬁ'ynm intervals prior and subsequent to & mesh change effective

Tb&uﬁmmﬁﬂmﬁﬂd&mwmﬁ would cecur with a
mc of 25 ptrem in fo’art.._' This decrease in effort would increase

f..: m catch about thres percent. or & little less than thres mllion peunds.

© With the large mesh sise, the maxima sustained yield would be
cbtained with about 25 percent imcrease over aversgs sffort. The increase,
however, woeuld be relatively small, about one percent. |

It “. interesting to note that oﬁr the affort range 100-200 percemt,
the sustained yleld is almst constant after the proposed nesh changs.
Doubling mngc eoffort t_j!eeéoma the catch less than two percemt of 1ts
maximm value. With the larger mesh, it becomes impossible to capture
fish pricr te their pericd of maximum growth rate. In cemtrast, doubling -
the effort with the small mesh would decrssse the maximus yield by sbout |
22 pervcent, the result of an intensive fishery comcentrated on omall,
raplily groving fish.




Table 2,~Eguilibrium yleids in paunds por 10,000 meruits and &

total citches in milliong of pounds, va,riaua effort leovels pr for

to and following mesh chance

Prior to Mash Ghange

Yield in Founas

}M.”ter Mosh Chanze
~Anmaal- Total,

(Mi1lions of lts)

Daygffort . P;:c}-giggo . "%Qiffﬁog;t:% 1bs ) Pa:cx{giggﬂ
1,32& ‘ 25 7,905 70.7 8,235‘ ‘73.6
3,639 50 10,341 92,5 11,607 103.8
5,459 75 10,803 9646 12,516 115.5
7,278 100 10,532 a2 13,491 120.7
9,098  .125 10,025 39,7 13,643 122.0
10,917 150 9,481 8L.8 13,611 121.7
12,737 175 8,912 79.7 13,507 120,8
14,556 200 8,396 75.0 13,354 119.4
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Table 3 shows the catch per standard boat day both pricr to and

. ;pnmng mesh change. These tables and figures do not reveal, however,

& secondary effect of considerable biological u well as economic inpérhneo,
As effort decreases, ratural mortality is assumed to remain comstant (and
sy even increese), Consequently, natural mortality in terms of pounds

of fish becomes a larger and larger proportion of total mortality as effort
' ’é‘c&rcua, natural mortality exceeding fishing mortality when the latter is
Mt 15 pcré.ent {culling and escapsment accuu,nﬁ for the fact that the

' munt.: of fish dying from each csuse ars not exactly equal when the rates
are equal). Tsble 5 compares the pounds of fish dying from natural causes
with the pounds of fish actually landed. At low levels of effort, many
fish survive to die of natural causes after attaining considersble sixe.

At higher levels of effort the chances of a fish dying af.naturnl calses
tﬁalr reaching such sizes is reduced.

Ratural mrtalit:.y rspruaenté, in 0; very real sense, a loss both in
food and in income to the fishermen. It is quite clsar that redustion in
effort, though it might wnder small-mesh eondliiions inecrease the yield '
slightly, would, after the mesh change, result mot only in a decreased yleld,
but also in am increased loss through natural mortality. (Table 4). From
the standpoint of total haddock production from Georges Bank, then, it is
mot desirsbls to reduce the total fishing effort.

The catch per standard bost day at various effort levels does mot
indicate t,h§ relative change in income per boat. per year, for there are
other factors of importance affecting the income per boat.



1L, 556

7540

- Aunual Cate Catob/boat day Annual Cateh

Effort (Millions (Thousands (Millions

Days of 1bs.) of 1ba,) of lbs,)
1,820 70.7 38.8 73.6
3,639 92.% 2544 103.8
5,459 96.6 17.7 115.5
_ 7,278 9402 12.9 120.7
9,098 89,7 9.9 122.0
10,917 BL.8 7.8 12).7
12,737 79.7 | 6.3 120.8
5.2 119.4

Catch/boat day
(Thousands

40.4
28.5
21,2
16.6
13.4
.1

9.5

8.2




Table 4,-flalc

follow gg Hegh ¢ -agm‘“

Eafore Magh Cua i ' thange
Effors Annual Cateh Anrmal Natural Mortailty  Acnual Cateh ~ Aonual Natural Emrtmiw
Days (4811%0ns of 1bs,) (%ﬂwm of 1bs,)  (uilifons of lte,) . (Millions of Jus,)
1,320 - T0.7 - 15240 . T3e6 157.8
3,639 92,5 6.6 - 103.8 o137
34459 9646 o 736 : 115.5 87.0
7,273 b2  56.1 1m0 - 69.8
9,098 89.7 Lok ' 122,0 58.0
10,917 8.8 363 | 2Ly k96
12,37 197 305 1208 13:3

14,556 7540 2643 1194 | 3845




* The averags affort over the past 18 years on Georges Bank L/ nas been
7,278 fishing deys per year, The averags length of irip has been almet
exactly sight days, Wutﬁy five of which wers spent actually fishing.
At Migher levela of haddoek abundance, thn fishing time required to obt&:ln
immuge trighmalm, while the mnuz:;tinrmim noTre arlen

xed, -
The zaxioum ousber of \;.riys a boat can make in a year is about 30.
The 7,278 fishing days divided by 5, the muber of days flshing per trip,
rapresents, tkem' 1456 boat-trips per year, or 30 trips by each of abeut 49

ats, Since the total trip time nnrsgia 88&7:, the average boat spends,
& year, about 240 days cut of port. The resainder of the ysar represents
yy-overs between trips (seldem less than 2 days), over-haul time, and time
o8t by bad ;-athor. It is fairly safe to assume, therefore, that regardless -
f haddoek abundance, a trawler ﬁshing Georges Bank will not spend more than
240 days at sea per yoar and that thres days of cach trip, regardlnu of the |
ﬂpfstotallmth, ﬁummtmmngum =8
- & further complication, limiting the poszibis productivity of Lrawlars,
2 wnion ruls lixiting the length of trip to Geerges Bazk to 8 dsys during
e sunmer montha. This rule is relaxed scmewhat during the wintar menihs.
f.‘ the present calculations, trips up to but na(t. Mg 10 days are

yﬁiufigumremwthc&wmﬁminguubym
categories of beats fishisg Georges Banks.

- 2/ Runring time inclundes soms time spent in moving from sns part
of the baui to anpther when the boat ia not fishing.



On the basis of the catch por standard boat-day (Tabls 3), it 1s
‘possible to caleulate the fishing time nquimwoktunmaw
trip, to umumm;-anm;hut can mske in 240 days, the
Mofmts nqnirdfartgimlculefu‘taﬂ, and the eatch per
Doat per yesr at the aqunibrim populations expected for these levels
of ttfqrt. These caleulations are summarized for average conditiens
prior to mesh changainl’ableimdtollwiagthcmaeahwu ‘
Tabls 6. | | |

it is raliaed that there is some bias in these calculations bom
the fishing time is based on an "aversge” trip. At bigh levels of
‘abundance, it is probable that the boats make more trips than calculated
and bring in better than Paverage™ trips and, at low levels of abundance,
_ they would m«nr.uy lmé less than average trips, becauss the total
trip is assumed mot to exceed 10 days. Simce the total fishing tims per
year 1s unua, however, the e:faat of fewer irip: with a Mﬂ- catch
would not ehammm;immmch.

Figure 2 shows the relative percentsge changes in total catch and in
catch per bost per year over the range of effort considered. The catch
per boat per mr is seen to increase very rapidly as effort decreases.

It is clsar, hewever, that increases in catch per boat are achiaved at the
sxpense of eensidersble declines in total catch, especially following
the paepesed mesh change.



A B ¢cC . D E | r

Fishing Time : Time Available ~ - !o?Buts | '!‘1&1;}8ut

Effort far " Total Trip Total Trips at seafyear  Total Possible for Year
Days____Aversge . (Daye) : T Level (M, of 1bs,)
1,820 1.7 | ka7 1071 2w s 21 .37
3,639 2.5 | 5.7 TL 240 | At 3 2,80
5,459 3.7 6.7 1475 240 3 81 2,3
7,278 5.0 8.0 1456 20 30 L9 1.92
9,098 &6 9.6 1378 20 25 55 1.63
10,917 7.0 10,0 1560 20, 24 65 1.30
12,737 7.0 . 10,0 1820 ‘ 240 - 24 7 " 1.05
Y, 556 7.0 10,0 - 2079 240 o 57 .86

Explanation of Tables 5 and é:

Column B is obtained by dividing the catch for a five day average trip by the catch per boat day shown
in Table 4o Column C is ocbtained by adding thres days running tims to the fishing time of Column B., but the
total cannot exceed a ten-day trip. Colwsn D is obtained by dividing A by B, Column F isx E divided by C, .
The sise of flest necessary to give the level of fishing effort of Column A is D divided by F. Column H is the
squilibrium yield for the sffort level (Table 3) divided by the number of boats. (Columsn G).




I S 3 ) D ¥ 7 )
Fishing Time Yiald per Boat

g . ftor Maximum Time Noa of Boats per year
Effort Average Trip Total Trip Total Trips Available at Total Poasible for (Millions of
(Days) (Days) (Days) Se t ort ) u

1,820 1.6 AT ‘13 240 52 22 3435
3,639 2,2 502 1654 240 L6 36 2,88
°5,459 3.1 641 1761 240 39.3 45 257
7,278 3.9 6.9 1866 240 34,8 KA 2,25
9,098 5.2 8.2 1750 240 29.3 60 2,03
10,97 548 8.8 1882 2,0 27.3 69 1.77
14,556 7.0 © 1040 2079 240 24 87 1.37

-

1/ For explanation, ses Table 5,



Yhere it has besn necessary in the foregoing amalysis to assume
‘mamm,mmmmmmuumumuu'
mnata.cmy.;pam It is belisved that, on the whols, the
relative mgn'ltudu of cﬂ'm: m fairly accurate and that while some-
ms different ammpum mght ¢hange their general level, their re-
1ations to one amth-rmxldrmiatbout the same.

WMemmehdnmtheﬁwhﬁm:
~" 1. The maximm sustained yield under average conditions prior to
" pesh change would be cbtained by about 25 percent reduction in effort.

2. Muamymimmwmhw a reduction in
effort was nccoaary to attain a maximum sustained yield. Pollowing the
'Mmushemgammmarnhastzsmueﬁanh
Micaud to achieve. thc :lxs.mm mtainé yield,

3* ranm;mhm,;nmmnmm muldmnuethn
utehmwmdpmmmm”anwtmuM~
mlébtl&&emmthtwoteeuﬁmhhleamnmmhm
and great waste: etthcmmmthmghmﬁahmgtrumtnml
sausss instesd of being caught. )




