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INTRODUCT ION , ‘e

In Mewfoundland '"fish'! moans cod unless otherwise statod which gives some
indlcatior of.the imporiznce of this species to the fisherles of the area., It
has providcd 803 of The catch of groundfish from Subarea 2 and Division 3K in the
last 15 years. 1f the cod stock Is in @ depresscd state the fotal groundfish
resources of k2 area cust be depressed rcgardless of tThe strongth or weakness
of oincr spccies. Therefore it |s important to isolate the managemont need of
the cod from those of the other groundfish. In doing Th]s, however, 1t is
necessary to ask whether there are any biological or fisheries inTeractions to
considor with other species. Clearly it is deslrable that a mixead
fishery model such as that doveloped by Pope (1975a) be applied, and proposals

for management regions be viewed in the light of the model.

TE Arr_10-TiOw OF THE SCHAEFER MODEL TO THE GROUNDFISH OF SUBAREA 2
AND Oiv.zton 3

Pianorn (i979) found that The groundfish resources of Subarea 2 and Division
2% exhibitea cateh per effort treands which corrclated significanvly with the
tishing effort adjusted by Gulland's mathod (Guliand 1968) to allou for non-
equilibrium effects. This was +rue for threa separate units of {ishing effort
and al! *hree suggested that the overall maximum yleld for grouadiish was ot the

ordzr of 400 +housend matric tons. Thore was however soms divergonce boiween

_%hg thico motncds &5 1o 1he precise cut back in effort which would bo requiced

45 czhicva +51s maximum sustalnablo yleld. A unit of effort bascd on 9011800

tca vessals of France, Poriugal and Spoin suggesicd a cut back of 17% from the

{973 teval of effort. A unit of effort bescd con +haP 1800 ton vessels of The
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USSR and Poland suggostcd that a cut back of ebout 1533 would ba cppropriate

wniie a unit ¢t e*iorT based on Spanish other trawler (0T) coc zavchos sugyasted a
cut back of stc.=~ 0%, A+ least part of *his civergence is ex.laincu by the diversity
of the various ¥leet objectives, The Spanrisn effort which 1s based entirely on cod
shows Tha need for the greatest cut batk while the USSR and Pollsh effor3 vhich
is amongst the most diverse, shows The lcast. Another reason for the discreponcy
is that only the Spanish effort Is adjustcd for soasonality and for that flcot

at least, the vendency has been for catches to bo increasingly made In the earlier
conths vi The y2ar whon cod is most casily caughts The lack of such an adjustment
for the other measures of effort might have r;sked the true increase in fishing
effort in recent years, Against this point it shouid be noted that the levels

of fishing mortality estimated by virtua! population analysis for the total

2J-3K 3L cod sfock have not shown the same increase in recent years as displayed
by the Spanish effort. This could be a result of either the Spanish otter
trawlers becoming older and becoming less aificlent or possibly as a rosult of
optimistically low values of flshing mortaility belng used to initiate the

virtual population analysis. Vhichever effor+ measure is used i+ is c'ear

from Pinhorn's 1975 work that al! three mzasures suggest that the total ground-
fish catch per effort {for Subarea 2 and Oivision 3K can be represented by a
Schaefer type rodel. It is also clear that cod is by far the largest component
of the groundfisn resource and it would therefore seem likely that cod would
itself follou a Scnaefer type yield curve. Using the Spanish O.T. mzasure of
effort from Pinhorn's (1975} paper and regressing the resulting cod catch per
effort on six year running averages ot the effort glves a significant linear
regression, ‘2.7 ' SrL4S Tne regretsicn &7 —te resu'Ting yicle corse.  An
alternative methoa of fitting the Schaefer yieid function was suggested by

walter (1979) which consists of regressing the catch per effort in year i+l
against the effort in year i. This method also gives a significant regression
and Fidure 2 57°Cas “me regression and the r=sciting yield curve. “he former
regression glves a M5Y of 352 Q00 matric tons at an effort of 217 thousand hours
fishing while the latter suggests a MSY of 417 000 metric tons at an effort of
263 thousand hours fishing. Both methods suggest that the stock has been
substantially overfished in recent years and that the 1973 level of effort needec

cutting back by 325 in the former case or dy |83 in the latfer case in order to tring

the stock back Ttz the MSY level of exploitation.
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Apart from the cod, one of the other groundfish resources has also been
shown fo have a Schaefer +ype.yleld curve. Thls is the redfish. Pinhorn and
Parsons (1972 czrive severa Fessible yield curves fer this species, one of which
is based on a six year averaging perlod ,arc nas an equation govarrning its equilinrium
behaviour of

R e 32,47 - 0.0056 fr veesensens |}
wWhere R Is the catch per effort of redfish and fr is the fishing effort on redfish
averaged over the last 6 years and |s measurec in stanuurd days fisnud by vessels
of greater than {800 tons. Thys two of the most lmportant stocks of fish in the
region appear to follow Schaefar type yield curves, Since these stocks have
accounfod for 91% of the total catch In The periocd it is not perhaps so surprising
that the total catch appears to follow a Schaefer type yield curve. Pope (19753)
points out that where total effort develops In a constant ratio on two non-
interacting fish stocks and both have parabolic yleld functions, then the
resulting joint yleld function on total effort will also be parabolic. But
the maximum yield it predicts need not necessarlly be the true MSY of the system
nor need the level of effort at which this apparent maximur yield is attalned
be The level of effort that correctly applied would give the true maximum yields
of the system. Horwood (1975) suggests that the equilibrlum development trajectory
of a fishery need not necessarily pass through the overail MSY of such a system.

AN 2=PLICITION OF MIXED FISHERY THEORY TO THE COD AND REDFiSH STOCKS OF SUBAREA 2
AND CiVISIOH 3K

Since both the cod and the redfish stocks of subarea 2 and Division 3K
have yield curves that can possibly be represented by parabolas the mixed fishery
Ttheory advanced by Pope (1975a) should be applicable, provided that there are no
strong bioiogical interactions between the specles; for example, similar to the
type shown by Pope and Harris (1975) for the South African :zilcnzrd and anchovy
Svocks and discussed In detail by Pope (I1¥75b). Attempts to improve the regressions
tor cod and for redfish using the catch rate of the other species as a second
Independent variable resulted in no significant coefficlants for this variable.
IT would thus seem that if there are biological Interactions between these two
species they are of a sufficiently low order to be Ignored for practical purposes;
consequently the ftotal yield for the redfish and cod was calculated for different
levels of fishing effort and assuming no interactions. Figure 3 shows the

contours of equal yleld in relation to the effort on both species. The individual
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s*cck yield curves uscd vo construct this joint stock function were Pinhorn ana

Parsons (1974) yleld curve for the redfish fitted using the six year ruaning

averagss of effort and the yield curve developad for cod in tha previoug section znd

uSing the six year running average method of fitting. This was choseqf[n order

to choose the more pessimistic and therefore safer formulation and To}remain .

cecasistenT with the overall yield function of Pinhorn (1975). The basis of effort

usec for the cod was the Spanish OT hours fished. In order to make it compatible

wiTh The standard days fished figure for the redfish, it has been divided by

+welve. This figure was chosen because of a comparison of the cod cafch rates ~aze
== im ~~3'un of the groaTe~ Tezn 8LV ton vessel of the L3LE wita tre

¢=anish JT catch rates, iT suggestea that Tnis was an appropriate tigure. Thus Tne

paralte! diagonal linos on Figura 3 show the levels of the total joint effort

an the Two specles in standard days fished by vessels greater than 1800 tons., The

contours of equal total yisld are concentric elilpses with thelirmajor and minor

axes parallel to the co-ordinate axis. These Indicate that the maximum yleld

for cod and redfish combined is of the order of 400 thousand metric tons,

attained at an overall fishing effort of about 21 500 standard days fishing.

It is thus intTeresting that these two stocks alone exhibit the same MSY yield

as that obtained from all groundfish species by Plnhorn {1975} particularly

as similar measures of effort and averaging perfods were used. This scems to

bear out Pope's (1975a) suggesticn that the fotal yield obtained from assessments

ot total groundfish would tend to give lower bounds to the tota! maximum

sustainable vield of a system. This is rore believable when the deveiopment

Trajectory o7 Tnese iwo fisheries is exam.red. This Is superimposed on the yield

tunction in rigure 3 and shows that The --::orfions of fisning &4“--+ 25ing on

tnese fwo fish stocks have fluctuated consicerabiy in the period from 1959 fo

1973, 1t is of course possible that if tre other groundfish resources of this

reygion were svrongly interactive with co¢ and redfish then the figure of

400 GO0 metr.c tons for cod and redfish aions wouid bs compatible with Pinnorn's

(1975) 400 «»Ji0 meiric tons for all grouncfish. This is because in that case the

other groungfish species might only nave increased in abundance atter the cod

and tre recgtish were depletec. This hypotnesis is superficially vempting in the

light of Pinnorn's (1975} Figure 2 wriicr = ows the proporTion wr 27 '2r »pCLies in

the catch increasing dramatically affer 1909 when the cod and the redfish were

both exhiviting low catch rates. Unfortunaztely, due to the lack of specific

effort measures for these species in the area this hypotnesis cannot be Tested
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directly. hevertheless, the presence ot older fish in significant quantities in
the catch of several of the species of other groundfish, for example roundnose
grenadiers (Pinhorn 1974) and Greenland nalibut (Bowgring and Pitt 1975} suggests
that they have not increased vastly In abundance In the recent past, and thus It
Is probably that they do not strongly interact with the cod or redfish. It is
probab le that the total groundfish MSY for thls region is greater than the

400 000 tons joinT maximum yleild of the cod and redflish.

POSSIBILITIES F2R TRE MANAGEMENT OF THE CCZ, REDFISH AND CTHER GROUNSFISH STOCK
COMPLEX il SuSaRcA 2 AND DIVISICH 3K

Management of fish stocks in Subarea 2 and Division 3K has unti| now been
based on individual stock catch quotas designed to meximise the yield of each
stock in lsolation, In the Iighf of the dlsturbing trends in caTch rate shown
by Pinhorn (i1975) and irdicated by groundfish survey resuits (Anon, 1975) it
is certalnly sensible to ask If other methods of management might be more
appropriate, In particular It is Interesting to ask if either a total effort
quota or a total catch quota would serve a useful purpose. Superficially the
use of an overall effort quota as the only management control in this region
seems likely to be disastrous in the ilight of the volatility of the development
trajectory shown In Figure 3,and cleariy such a constraint would seem unllkely
to prevent heavy overfishing of redfish. For . example the overall levsl of
affort in 1973 was not much dlffersent from that In 1959, aﬁd also the situation
in 1973 for cod was rather simliar fo that in 1959 (see for examcle Figure 1),
However the redfish stock In 1959 was being exploited at the total destruction
ievel of effort while in 1973 the level of effort on it was rather below the
MSY level. This is a feature of the much greater level of effort needed to
attain MSY for cod (18000 standard day} compared to that needed to attain MSY
for redfish (C 3000 standard days). The case with other species might well be
rather similar with a ftendency for them fo be heavily overfished if they became
attractive To fishing effort; Ffcr example as a result of a large year class or
a further decline In the catch rate of cod. (In order to examine this management
method more objectively a simulation was made of the cod and redflish fisheries

assuming they followed the non=equilibrium form of the Schaesfer curve

1 dP
-P- d_‘t' b aP qf

where P is the stock biomass, f is the fishlng effort and q the catchability

LR R NN NN RN NN NN 2

coefficient. The parameters b and a and q were chosen to be consistent
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with tre¢ fitted yielo curves but in order to provide the third parameter it was
necessu’y To assume The MSY level of tishing mortality. Consequentiy a value
of MSY F = 0.2 was adopted for the redfish and a MSY F = G.,5 was adopted for
the cod. In order o be ablia to simulate the joint fishery tor both species iT

was cssumad That the proportion of the total effort going on cod was given by

(v L™ (v Cp™ ¢ (tw RPM teevsessenesanes 3
wnere r. is some power, v and w are preference weightings tor The cod and redfish
respectively, C is the biomass of cod, R the biomass of ~cd+isr and q and ﬁ
are Thc respective catchabilities of the Two specles. This Is analogous To the

economic weightings used In the wcgcl py Crayaen (1972) ciscussel oY Garrod

ana Pope ¢ 777), In order to acquire values of n, v and w a regression of
f“(i&) on J”FE) was performesa for the years 1999 and 1973 where fc,
Tr/ r

ir wero the effort appiied to coa and rediish respectively” each yoor and ¢ and r were Th
recordcd coutches per effort of the two species. HNo significant reg?ession emerced

from this analysis and consequantly, In order To be abls to meke a simulation,

Velues vt n=Z, vsZ and w=| were adoptod. A simulation on these values was

performed but, not surprisingly, it did not reproduce the historical series

and the developmental trajectory It produced was far less volatlie than the true

series. In parflculag the ratio of effort going on redfish to That going on

cod was vary much more regular than the ratio cbserved in the historic series.

Table | shous the historic series and the simulated series for The period 1959-75.

This simulation was exfended to show The possible behaviour of the mixed fishery

under an overall cifort quota (21CUQ standard days) designed to achleve The MSY

tor the system. Table 2 shows the results from +his simulation, |1t is apparent

that the simulation repidly settlcc doun to a lovel of effort for the cod of

about 7000 cays and a level of eiffert for ihe redfish of ebout 4000, Figure 3

ingicetes i.et this wouid in tne cguilibrium case achieve a yoint yield in excess

of 37% thousand meTric tons. In iect tne simulation finally setTies doun 1o a
yielc ol 368 thousand mairic TONS, & very substantial porTion of the joint MSY

of 4UU Th0.Suiid MITIIC Tons. nusJif the offort were distributed between stocks
accorging Yo egquation 3 ara 702 T-0 sTocks were precisaly Siver .. 3y ine Schaefer
equation ang no other species &iiected The oaianceifhen the totai eifort quota
could ve exnectes To quite successfully manage These Two stocks., This is in line
WiTh .orwuscts (1975) finging TnaT such a syston would Tend To converge To soma
equitiorium ievel for The Two STOCKS. in facT}of course)The model of fisheries

preforences for species (equation 3) is at pest a very poor fit fo the facts and
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Schaefer curves very rarely fit a stock closely. Thus the equilibrium behaviour
simulated would in pracfi%e tend to be disrupted by random events such as
unusuaily large or small year classes or changes In catchability. Clearly a
total effort quota might well be a good deal less efficient than the simulation
in Table 2 would suggest. '

Similar simulations were made of the effects of overall catch quotas. The
levels of quota considered were 23), 260, 270, 280, 250, 300, 310, 320 and 330
thousand metric tons. The method of making these slmulations was to divide
each year into ten equal periods and simulate in each period the proportion of
tishing effort being app!ied to each stock, according to equation 3. Fishing
was stopped at the end of the time period in which the catch quota was exceeded.
This method of simulating a catch quota Invarlably led to the quota being exceeded,
in some cases by amounts in excess of 0%, (Thus accidentally adding verisimilitude
to tne simulation). A fotal effort constralnt of 30 000 days was put into the
simulation to avoid quotas being taken by Improbably high leveis of fishing effort,
All of the quotas over 310 thousand fons eventually came up agalnst this constraint,

implylng that they would lead to overfishing of the two stocks if applied at
present, 1t would however be possible to bring total catch quotas up to some
higher level at a later time if the stocks were first allowed to rebulld at the
lower quota levels, The slmulations showed the same well behaved distribution
of fishing effort observed for the effort quota simulation. Since this was
achisved under the same mode! assumptlons this simulated behaviour Is open to
the same criticisms as were levelled of effort quotas. A third possibiiity for
management would be a stock constraint as suggested by Garrod (1975), This would
imply reducing fishing untli the cod catch rate Increased to |.62

tans per Spanish OT hour and until the cateh rate of redflsh increases

to 16.24 tons per standard day fished. This would imply resting the cod for
about 2 years or fishing at an effort level below MSY for a longer period., The

catch rate of redfish is currently at about this level.

D15CUSS 10N

The Schaefer curves fitted to the cod for Subarea 2 and statistical area 3K
suggests that this fish stock has been very seriously overflshed in recent years.
The overall yiela functlon tor redfish and cod suggests that Pinhorn's (1975)
estimate of 400 000 tons for The total groundfish resources of this region may

be somewhat pessimistic but stlil implies that the 1973 level of fishing effort
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needs reducing oy about 28% on thase two stocks. The lack of observable biological
Interaction tztween these Two stocks and indeed the other groundfish stocks
suggests that there Is no bicloglical reason why indlvidual stock catch quotas

should not be successful provided they are set at the right level.

A study of the development Trajecféry in Figure 3 suggests that the directed
fisheries for these two species are sufflciently pure (je have low b+ ~atcn rates)
to include the joint MSY ievels of effort in a region that is attainable. Thus
the possible arguments refaTi~g to the overall attainacle MSY o° a system's veing lower
than the joint MSY, advanced in Fope (1775a!, are not valid in *his case. »inile
The averall MY is attainable in the longTerm equillibrium sense, simulations of
a Toral CaTch guota suggest that such a quota or the sum of the Two speciss quotas
snould be well below the MSY level of 4U0 thousand tons due to the depleted

sta*a of The <od sTock.
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TABLE 1

1975,

Graphical mevnods for estimeting parameters in simple modeis

Res. Doc,

Simulation of the historic series for the cod and redfisﬁ stocks

Historical levels Similated levels
of Cod and Redfish Redfish as of Cod and Redfish Redfish as
Bffort % of Effort % of
Cod Cod
Cod Redfish Cod Redfish
1959 21667 5800 27 22139 5861 26
1960 18333 5700 31 19530 4470 23
1961 12500 4200 34 14077 2922 21
1962 10850 1100 10 10907 2092 19
1963 12500 1260 10 11820 2179 18
1904 15000 4200 28 16011 2989 19
1965 20000 2400 12 19276 372% 19
1966 22509 2800 12 20885 4115 20
16967 15170 2000 10 18414 3586 19
1968 25870 143D 5 22613 4387 19
1969 26350 1700 & 25067 4933 20
1970 31670 1400 4 26709 5291 20
1977 30630 1700 6 26734 5266 20
1972 37500 1600 4 32524 6476 20
1973 26667 2400 9 24285 4715 19
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TABLE 2

Sirmlation of an overall effort quota from 1974 onwards

Total effort is 210,000 standard days

Total Bffort

Year Total Yield
Cod Redfish
1974 14549 c051 227582
1975 15915 5085 260324
1576 16406 594 29097¢
1977 16654 4346 316071
1973 16772 4228 335362
i 1979 16819 4181 349756 °
1980 16827 £77% 360282
1981 16816 4184 267939
1992 16798 4202 373510
1983 16778 4222 377560
1984 16758 4242 380567
1985 16741 4259 382772
1965 16727 £27% 384408
1987 16716 4284 385627
1938 16706 4294 336539
1989 16699 4301 387223
1990 16693 4307 387737
1991 16689 4311 386124
1992 16686 4314 266417
1593 16683 4317 388637
1994 16681 4319 388804
1955 16680 4320 385930
1956 16678 4322 389025
1997 16678 4322 365098
199556 16077 4323 369152
i 1999 16676 43524 389 143
2000 16676 432 389:09
z001 16676 4324 359248
2002 16675 432 389267
2003 16675 4325 369280
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Fig. 1. Regression of cod catch per unit effort against a b6-year
MSY average of effort and the resulting Schaefer type
yield curve.
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Fig. 2. Regression of cod catch per unit effort against fishing effort
in the previous year (Waller's method, lst approximation) and
the resulting Schaefer type yield curve,
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