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INTRODUCTION
In order to examine in detail any fishery situation it ia necessary to

postulate a model of how the fishery behaves. Single species manazsement has
been attempted by a variety of models. The most important of these to ICHNAF
agsesaments nave been the dynamic pool model and the Schaefer model. For the
stucy of miied fishery problems, however, the Schaofer model haa the great
advantaga of simplicity and consequently the further development of idean on
mixed ficheries in this paper will follow that approach. Pope (1975a) hasa
showi that a mixed fishery for two stocks can be represented in two dimensions
as contours of equal total yield plotted against the fishing mortality f{or each
species. If the two stocks have yield curves of a parabolic Schaefer form, then
the resulting contours of equal yield have the form of ellipses when plotied
egainst the fishing mortality on cach species. Furthermore, by-catch rates for
tne second species as a result of a dirccted fishery for the firal speciec can
be taken into account and vice versa: the maximization of physical yield then
baecomes an exercise in quadratic programming.

Thig approach indicated that if a multiple species fishery conformed to thise
model and if the development of fishing effort on the system occurrcd as some con—
stant ratio between species, then the form of the yield curve for total catch
would be a parabolic function of total effort. Pope (1975a) pointed out, however,
that unless the ratio of effort on species 1 to that on species 2 passcd through

the moximum attainable yield the resulting yiecld curve obtained would neither
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indiecate the true MSY catch from the system nor indicate the level of effort at
which maximum yield would be attained. Another fact to emerge from this approach
wau that a total offort quota designed.to obtain the MSY when applicd in the right
wroportion could destroy one of the stocks if it were wrongly applicd. This
ssproach was unable to comaent on the validity or otherwise of total yicld cuives
bosed on fishing effort that had nol developed on two species in a congiunt ratio.
Ii wis feld that moat real fisherics would have developed in a less well-dofined
samer and that therefore the vesulting yield curves based on total effort versus
total catch per effort, for example those developed by Pinhora (1975) and by
Halliday and Doubleday (1975), might not necessarily indicate the truo maximum
yield from tihe various stocks. Thio mixed figheries theory waa'qpen to criticism

in that it did not take account of possible interactions between species and

because it only indicated the stationary (equilibrium) behaviour of the system.
In order to meet the firast of these criticisms the current work in this paper

attempts to comsider the effect of biological interactions between stocks.

BIOLOGICAL INTULRACTIONS BETWEEN SPECIES
Walter (1975) gives the non-steady state condition form of the Schaefer
model as '
1 40
Foa - P
wnere p is population biomass of the stock, t is time, f is fishing effort and
b and a are parametors which characterize the stock. This can be extended in an
obvious fashion to consider the effect of the interactiona of a second population

with biomass r. This results in the two equationg

1 3

'ﬁ i‘% = b - ap T cr - qf .:.oouo--------a-ooo- (2)
108E | _aeter-5 .

- At = % Ar ¥ 6r qf afessstasnsasssesnasne (3)

where the plain constants indicate the parameters and fishing effort of stock 'p!
and the hatted pavemeters those of stock 'r!, When the two stocks are in equili-

briuwn then
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-t 0 and it follows that

b - ap i cr - qf =0 EEEEEEERE RN R R NN R RN N (4)
A L

b bt gr i gp - a% = 0 TR EEEEEE R R TR E R NN NN (5)

where the sign of ¢ and 2 are either both negative in the case of a competition
model or - and + respectively in the case of a prey-predator model., The South
African pilchard and anchovy fisherics reported on by Pope and Harric elsewhere
in this mecting form a possible example of tho competition type of model. The
interactions of, for example, the Newfoundland cod and the capelin of Divisiong
2J-3KL would possibly furnish an example of the prey-predator model.

Some general conclusion can be drawn from the form of equations 4 and 5.
Assuming the sign of ¢ and 2 to be nogative and by multiplying 4 by p and 5 by r,
wa obtain

bp - apz - CIp = yield (P) c-n--oo.cu.uo-#ocuo-. (6)

gr - arz = QFP - y;ﬁld (r)- Sessssassnadsstassens (7)

Therefore, if ¥ = yield (p) + yield (r)
that is the total yield, then

2 A
Y = - a0 - arz - (c + 6) I -+ bP + br sr B tesslaBsDEBBEES (8)
Thus within the crea of validity ol +tie model the yield curves would tako the
form of olliprea wilh Lheixr mojow pirin inolined bo the ewxis af pepulabicn pleeAs
Algo it follows {rom equations 4 anc 5 that
_'3 (b - qf} = ¢ (% - 33 .
P = B — C& . sedvsavesasssbsnaanse (9)
A
a (b - af) - ¢ (b~ qf)
da - oc

r = ...............7...(10)

and total yield
Y = a4+ 2482 4 (c + &) £ + BF + B e ririeeees (11)

where 4, i, ¢, 8, B and B are funciions of a, 3, b, %, C,y S respectively.

The total yield from such a syctem also has contours of constant equilibrium
yield in the form of ellipses and similarly these do not now have thelr major
axis parallel to the axes of the fishing effort on the two specics. The above
argument thus leads to a solution similar o that described for the nem-interacilve

fishevies, except thai (1) the ellipses are now inclined to the coordinate axis
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of the system (2) there are additional constraints on the system corresponding to
the values of r and f at which p becomes zero and the values of p and E at which

v becomes zero. These are respeotively from equations 4 and 5

b - o - qf ; 0 " EEEE R RN NE NN (12)
and % - ap - a? ; O- : EEEFEXEEEEREREE RN XN N (13)

From equations 9 and 10 theso may be rewritten as _
aa (b - qf) - Ca (g - af) 2’0 P e R T K (14)
and ﬁa (g - af) - 33 (b - qf) ? O. asestesasssansase (15)

EXAMPLES OF INTERACTIVE MIXED FISILRILS

The consequences of the equations in the previous section are peot seen in
practical examples.

Pope and Harris (1975) give an example of such an interactive fighery for the
South African pilchard and anchovy. TFigure 1 shows the form of the yield curves
cstimated for the total yield of these two stocks. '

The equilibrium cquations governing these yield functions arec:

.43 = .00014% P - .0001434 = T (P)

)

0 wevecescsesnas (16)

and 1.10 - 9001A - -0005 P - F (ﬁ) 0 'TEEEENERNNE N BN (17)

where P is tho biomass of pilchard, A is the biomass of anchovy and F () and

I (4) are thoir respective fishing mortalitics. Pope and Harris! paper should

be consulicd for a detailed description of {his system but the main features

are fairly apparcnt. The plot of total yield (Figure 1) on the fishing mortality
of the two species shows that the system has three modes of behaviour., In the
firat (Razien A) thu yiold ie oemposed enbixoly of pilohard, and the anchovy
biomase is zero. In Region B a mixed fishery for both species exists and in
Region C the pilchard biomass is zero and the yield is composed eniircly of
anchovy. The boundaries between these regions are the constraints mentioned in
the srevious scction., It is noticeable that the region of mixed fishery is a
fairiy narrow vodge and that it would probably be difficult to convrol a fishery
sufficiently closely to be sure that it will always lie inside this rcgion. 1t
ic also noticeable that for this apporently highly interactive fishewy tne maxi-
m yield atitainable in the mixed Iighcry (340,000 tonnes) is only slighily larger

than inat which would be obtained in cither of the pure fisheries (320,000 tonnes
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for pileharda and 302,000 tomnes fox anchovy ). Thus the effect of stock inter—
ceiions ic to reduce the total FMSY of 4h: system to below the sum of the individual
cnoa o NOCR, Uae depree to whieh whin occnrn in a function of tho desne of inter
souiun wewween tae stocks, This éan be seen {rom the following mocifications of
equations 16 and 17 made in ovder o change the interaction tewms., In all of the
Tollowing iliustrative examples the only chanpes made o equation 16 are to the
coclJicieas of thae A temm aﬁd the only changes Lo equation 17 arc to the coeificien
of t.c P temm. Consequently outside the mixed fishery region B the yield of the

singie stocks in all examples are unchanged. The region of the mixed fishery will

ot

however be modified. The first oxwiple reduces the interactions by an order of
me;mivude. ‘Thus equaiions 16 and 7 become
43 = .000143 P - .0000743 A = F (P)

It
o

T XTRTLTY (18)

il
o

1.10 = .001A ~ .00005 P =P (A) e eeeanaeeaan (19)

Figure 2 snows the resulting constrainis and yield functions. It is upparent that
ine pystem is very similar 1o & non-intorative fishery (c.f. Pope, 1975b on Cod and
Zedfish) with the arca of the mixed fishery considerably extonded and the contours
of total yicld being concentric ellipses with axes almost parallel to the
coordinates. The maximun yield (576,000 gonnes ) is far closer to the sum of the
two individual pure fisherics than was the case in Pigure 1. Figure 3 shows a

situaticn halfuway between Figuze 2 and Figure 1. The equations governing this are

43 = 000943 P ~ 00071184 - F(4) = 0 vessesanessees (20)

1-10 - -OO1A - .OOO266P - F(A) 0 AR NNENNNENENTN) (21)

In this casc the total yield has a value of 415,000 tonnes and the region of
mixed fichery is of intermcdiate size. If is interesting to contrast this with
Figure 4 which chows the yield when cquation 20 is modified to
43 = 000143 P + 0001184 = F (A) = 0 sevevansansaceass (22)
“and equation 21 held the same,

The systew thus described is a prey-predator model with the pilehard
hypounciicully preying on ule anchovy, The general shape and size of the yield
funciion in this caso corresponds more nearly with the contours of Pipure 2 thon
Figure 3, with the cllipses less inclined io the coordinate axis and rather fatter.
The wotel yield in this case is 523,000 tonnes which is alsoe closer to the less
inteructive case.
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The exenples ihus show some of the effects of the interaction temms ta the
benaviour ol the system. The chief features to note are that (a) for highly
intuiwciive Tishories the mixed fisheiy 'wvegion is narrow (b) the phenomenon of
the touval biomass switching over Lrom being woslly one species to mostly ihe
othcr is likely to be observed if fiching is sufficiently intensive. Vherc inter—
action terms are lower or vhere they axe of opposite sign (as in a prey-predator
syutcm) ihis io lecs likely to happon. VWhen figheries are highly iateractive .t
is also possible that the toial yicld is very little greater than that which would
be achieved lfor either component fishiery, were the other component oxtingt, When
they are not highly interactive the total yiold opproximates to the sum of the
yields of the individual specien, porticularly when it is appreciated that in
practico theso individual yields wouwld probably be assessed in thé pm»ecence of
the other species and not when it was exiinct.

IMPLICATIONS OF TILd THEORY T0 TE rLANAGLIGANG OF FIXED IFISIHISRIE

The effects of by-catch rates on the poltential yield of the systems described
by the models are the same as those described in Pope (1975&) (wniph ghould be
consulted for a detailed description)- That is to say whether the true maximum
yield of the stock is attainable or not will depend on whether the levels of
fishing mortality giving the maximum yield lie within or without the sector
defined by the lines indicating the fishing mortalities which would be generatoed
in the various directed fisheries, If this scctor was narrow, thail is to say the
various ficheries had considerable ovexlap and by-catch rates were high, then ihe
total effort imposed on the system would generate mortalities in the two stocks
wihich were in a fairly constant proportion. In these circumstances a total effort
guota could be expecied to be quite effective because the model, whether inter-
active or non~interactive, would have a parabolic yield fanction in tho mixed fisheries
region with respect to the total effort generaied. In effect the high by-catch rates

would supply the individual stock management constraints. In these eircumstances,

however, it is improbable that the meximum atiainable yield would be as high as
the maximum custainable yield.

If the by-calch rates in the various dirccted fisheries were not so large,
then the scctor in which cffort would cause fishing morialities to be generated
would be wider and the fishing morizlities generated on the two stocks could differ
in proportion to a greater oxtent. Undor these circumsiances a total effort guota

woulu be leso likely to generate a satisflactory management scheme unless it was
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backed up by individual stock calch quotas or effort quotas., If this were not done
there would be no guarantee that the proportion of the effort going on the various
stocks would in fact be that which.generated the maximum yield. 4 study of Pigures
1 through 4 reveals that the proportion of mortality geoing on each stock effecis
both the total yield that can be achioved and also the level of effort at which it
can be taken. As an example of this in the system examined in Figure 2, if the
proportion of F{(P) to F(A) was 2 to 1 then the maximum yicld would be about 400,000
tonnes at a fishing moriality of approximately (0.230, 0.115). If, on the other
hand, the proporiion were in the ratie of 1 to 2 then the maximum yield would be
greator than 550,000 tonnes at fishing mortaliiies of approximately (0.25, 0.50).
Thug the proportion in which the moxtalities are generated crucially affoects both
the total yicld and the level of fighing effort which generates it. The history

of fiching in the ICNAF area does not load onc to guppose that fishermon could be
relied upon to generate fighing efforis in the most advantageous proportion if the
choice were left to them. If on the other hand individual stock catch or efforte
quotas are imposed, then they definc a unique position of the yield Tunctions of
Pigures 1 through 4, and consequently a total effort quota would only act as a
safety net to prevent serious over—cxploitation in the case 0f badly set stocl
guoiac.

Similor cibicisms to thosc made above algco affect total catch quotas. 4 total
caten quota might however be of some value in a highly interaclive [ichery such as
that acseribed in Figawe 7. In this case a total cateh quota might be cxpecicd to
be cuceessful but it would nov juarantec that the specics mixture in {he calch was
always tne sawne. In fact, since presumably the most attractive cpecics would custain
wic nlghest wortality, it is poogible thet thic would be overfished and the syutem
Move into a region wvacre the total yiecld wag similar but where it was compoced of
Sone Less atiractive speeless  In otler words, il yow want a fisi mecl fichnery und
Yiuw v not cure wiat you cateh, thon an overall cateh quota on a highly interacvive
fle.cwy night be succesdil. If, howcver, you wish to continue to catch prime fish
tnen individual stock constraints are nccessary.

Ine above criticism of total quotas assumes however that we have detailed
know.udge about the nature of the iurroction in the fisheries. If we do notl then

a total effort quoia or total cetch guota would be a means of recoguising that the
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overall MSY of the system would be less ihan the sum of the individual stock MSYas

wihen either the fish stocks are interactive biologically or the by-catech rates in

directed [isheries prevent the total MSY from being attached. In the former case
bilological considerations might suggeét a likely level for the overall MSY and
nenca for wheo iotal eatch queta. As a aystem of managemsent it wowid hewever have
no gciwntific advaniaga over reducing the TAC for each specics to an appropriate
propervion of the species M3Y.

CONCLUS LGNS
Cuaciderations of mixed fisnciy models which include biological intcractions

leca to wae conclusion that the total yileld {rom an interactive aystem would ve

lovier ohai. the sum of the individual species MSY. They do not lend support io the
adoption ol total caich or itoial eiflori cuotas &s a means of manapging cuch systems
vithout inaividusl stock conciraints. Such toital quotas might ﬁowivor be of usome
value in teking account of the faet {hat the total M3Y of a systen miflic be less
tnca tne sum of the individual stock MSYs, Thus they would be of grecwest vaiue
wherc lmowledse of the stocks was incoumnlets. However, the equivaleny result could

e wchicved with greater safety and leas complicated regulations by gimply reducing

tne individual species TAC's by an appropriate proporition.
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Figure 1 Contours of total yield drawn against the fishing mortality of
South African anchovy and pilchard and the:region of mixed fishery
(Rogion B) and of pure fisheries for the two atooks (Nogiono A ond C).
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Figure 2 As Figure 1 with the interaction terms reduced arbitrarily by an
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