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Relative Effects of Mixed Stock Fisheries
on Specific Stocks of Concern:
A Simplified Model and Brief Case Study

Denby S. Lloyd

ABsTRACT. An algebraic model is presented that allows comparison of changes in total catch, stock-specific catch,
and stock-specific harvest rate for various fisheries harvesting the same stock of concern under conditions of change
in the stock’s abundance. The model operates without detailed estimates of each fishery’s complete stock composi-
tion and without ongoing assessment of each component stock’s biomass or population size. Rather, observations
or assumptions of the proportional contributipg)(of the stock of concern to each fishery’s total catch, combined

with presumptions of change in that stock’s abundafgedre sufficient to illustrate proportional changes in catch

and harvest rate under managemessgniptions for constant harvest rate anddamstant total catch. Results

indicate that mixed stock fisheries, especially those withplginom a particular stock, are orgjightly affected by

and exert very small influence upon changes in abundance of that stock, even if total harvests remain constant. In
contrast, single stock fisheries with highare more directly affcted by and exert more substantial influence upon
changes in the stock’s abundance. Because the presence of other stocks in a mixed stock fishery dilutes its relation-
ship to any stock in particular, such a fishery may not need to be managed nearly so precisely as another fishery for
which a common stock supports the bulk of the harvest.

INTRODUCTION tion is not available each year, then to estimate catches
and impacts over time, some indication of each stock’s

The harvest of specific stocks of fish in mixed stockongoing relative vulnerability to the fishery is required.
fisheries often generates questions of both biological Rarely is all this information available, largely be-
and social concern. This is especially true when 1 drause this type of comprehensive data gathering is very
more of the stocks taken in an otherwise robust fislexpensive. Facing these constraints, managers and re-
ery is in decline. Conflicts exacerbate when the stockearch biologists often need to fashion and defend some
has other potential users, disputes focusing on appréhterprising assumptions about stock compositigln,
priate sharing of management restrictions to hel@gtive vulnerability, and annual stock size in order to
reverse the stock’s decline. The attendant technical destimate harvest or harvest rate, or to sesq@iptions
bate generally centers around the accuracy and preépr harvest controls on component stocks. In a regula-
sion of estimates of the stock’s contribution to thgory context such tacit uncertainty can lead to public
fisheries and the effect of the harvests on the stock {perception that technical guidance is lacking at a time
question. Social debate can often range much furthexhen decisions must be made.

Obtaining accurate information on relative stock  This paper presents an alternative model, not near-
contribution to most mixed stock fisheries and evaluly so data-intensive, with which to anticipate the rela-
ating a fishery’s impacts on the component stocks atéve potential impacts of various fisheries on a stock
not easy tasks. At a minimum the origin of contributfacing population decline. Specifically, this algebraic
ing stocks taken (e.g., determined by tagging experinodel factors out the need for most of the data inputs
ments, scale-pattern analysis, or genetic stock identiormally associated with estimating stock composi-
fication) and their respective catches must be knowrion and calculating stock-specific harvest rates. To il-
To evaluate the impact of the fishery on each stoclkustrate use of this model, a case study is presented of
however, requires even more — that is, detailed knowR Pacific herringClupea pallasifisheries in Alaska
edge of each component stock’s respective total annulat purportedly harvest fish from the same stock: the
biomass or population size. And if stock identifica-Dutch Harbor food/bait fishery and the Nelson Island
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sac roe fishery in relation to spawning biomass of the The catch of a single stock in a mixed stock fish-
Nelson Island stock. eryinyear 1lis

There have been a number of attempts to charac-
terize the relation of a mixed stock fishery to its vari- C..=Cp,,. 1)
ous component stocks (Ricker 1958; Paulik et al. 1967; x1 x1
Hilborn 1976, 1985), but these have focused primatr- . .
ily upon calculation of optimum or maximum exploi- The harvestrate in year 1 is
tation rates and rely upon some detailed estimates of

individual stock-recruitment parameters. As a practi- _C,
cal matter, such data often are not available (Healey Mep = N (2)
1982). For many management questions, more sim- w1

plified approaches may well be sufficient. _ _
The proportional change in stock abundance between

years 1 and 2 is

METHODS
Nx 27 Nx 1
The model relies upon estimates or assumptions 0. =—1—— or N, =(6,+1)N,,.(3)
of (1) the proportion of the fishery’s total catgh, xl
composed of fish from the stock of particular interest,
x, and (2) the change in population si@¢) exhibited ~ whereN _, is the stock size in year 2 and, is the
by that stock between one period or year to the nexstock size in year 1.
Model outputs describe (1) yearly percentage changes For simplicity and to focus attention, the model
in total catch @,) and in stock-specific catch(,) if ~ assumes that between years 1 and 2 stcthe only
fishing intensity were to remain constant, and (2) yearlgtock to bange biomass or population size. The model
percentage changes in harvest réfg j on the stock also assumes that other aspects of vulnerability (e.g.,
and its catchéC,,x) if the fishery's total catch were to migratory pathways and timing, gear efficiency, etc.)
remain constant. In the face of a particular stock’s arfer all stocks in the fishery remain constant.
ticipated, presumed, or observed decline, values for
6., 6...0,, and 6,  give readily understandable
measures of the stock’s importance to the mixed stodkOnstant Harvest Rate
fishery, the potential impact of the fishery on that stock, . _ _ _
and the relative impacts on affected fisheries. Such If in year 2 the fishery’s overall intensity were to
comparisons can be useful in evaluating managemef@main the same as in year 1, then respective harvest
and regulatory decisions necessary to address stotKes on all stocks, includimgwould remain the same,
declines, especially in the face of uncertain or fre4,, = 4., = .- The catch of stockwould thus de-
quently unavailable da. This pocess might also pla- cline by the same factor as the stock’s size declined.
cate legitimate concerns over fairness among multiple/sing equation (3),
users.
Coo=U, N, ,=C, (Qx + 1). (4)
Parameters and Definitions
Given that abundance, harvest rates, and thus
The only inputs required are measurements or agatches from other stocks remain constant, the total
sumptions op, and@,. Other parameters, such as to-fishery catch of all stocks would decline by the nu-
tal and stock-specific catches and total biomass anerical amount that catch of stoxkleclined:
population size for the stock in question, can be input,
but they are not necessary to derive rates of change in _
total catch, harvest rate, and stock-specific catch. =G~ (nyl_ G 2)' (5)
Let C, be a fishery’s catch of stoskandC, be a
fishery’s catch of all other stocks combined, so that Model output, in terms of the rate of change in
total catch isC=C_+C,. Let N, be the abundance stock-specific catch and under conditions of constant
of stockx, so that harvest rate js. =C_-N_'. The harvest rate, is simply equivalent to the proportional
proportion of stock in the total catchip, =C, [0C™.  change in stock size, as derived from equation (4):
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_ el _ product ofp, , times the increment in total catch need-
0. T 0, . (6) ed to make up for the shortfall, or

C;,z =Cx,2+[(C1_ Cz)Px,z]- (11)

The rate of change in total catch under constant har-

vest rate is
The new harvest rate on stackvould then be

6, = . (7) . _C,
Cl ux,Z - NX”Z N (12)
This equation can be simplified using relationships in
equations (5), (4), and (1), such that Model output, in terms of change in harvest rate on
stock x with total fishery catch remaining constant
6; = Py Oy (8) between years 1 and 2, is
This percentage change in total fishery caé&h (n- . Loy =M, 13
der constant harvest rate or fishing intensity results O, =——. (13)
from the change in 1 component stock’s abundance Hii
and the fishery’s consequent change in catch effected
by that stock alone. This output equation can be simplified to relate change

Whereas individual stock harvest rates remain conn harvest rate directly tp, and@, by first defining
stant, changes in total catch and stadatch change ,ux2 from equation (12), then using relationships out-
the proportion of stock in the total catch. Thus, in lined in equations (11), (9), (4), and (3):
year 2

C Moy =——. (14)
Px2= <2 %) ’ N, G
, C2
Thereforeg’, . from equation (13) can be derived
from equations (14) and (2):
Constant Total Catch

If in year 2 the fishery were to increase in inten- . C,
sity to make up for the lower availability of fish from 0= < |7t (15)

2

stockx, thus keeping total catch in year 2 the same as

in year 1, then respective harvest rates on all stocks

would increase. The increased harvest rate on stockEquation (15) can then be expressed in terms, of

is of particular concern. and 6, by substituting values from equations (5) (),
The increase in total fishery catch framto make and (4)

C, = C, would equal the number of stogkfish not

caught under constant harvest rate (see equation (5)):
9 = - (px,lex)

wx = Th 5 (16)
C-G=C,=Cr=G-C. (10) (Pxs65)

However, the stock composition of this incrementall his percentage change in harvest rate under constant

increase in total catch would not be solely from stociotal catch results from decline in abundance of stock

x. In fact,the increment @, - C, or C, - C,) would X and subsequent intensification of the fishery on the

display the same stock composition as the rest of thentire mixture of stocks to maintain the same year 1

catch in year 2. Consequently, the total number of fistotal catch level in year 2.

taken from the stock of concern would be the original  Corresponding change in catch of stadk total

amount calculated under constant intensity plus theatch remained constant is
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-C,, of catch p,) at various levels of decline in stogk
Qc’x =52 5 (17) (9’()
xl ~ Results are fairly intuitive for fisheries in which
stockx composes the entire catch, (= 1.0). When
This can be simplified similarly to the derivation of fishing intensity is constant from year to year (Figure
equation (14).ij,2 from equation (11) can be rewrit- 1), total catch will decline by the same proportion as
ten as the stock size reductiod(=6,). Changes in harvest
rate resulting from keeping total catch constant (Fig-
ure 2) are also straightforward. If the stock declines
Ct = [Cx,l(ex +1) Cl] (18) by half, then the harvest rate on that stock would double
%2 C,, ' (6,=-0.50;0, , = 1.0). If the stock were to decline by
' only 25%, then the resulting harvest rate would have
to increase by 33%9( = -0.25;0*’)( = 0.33) in order
to maintain the same total catch’
Not so intuitive are the effects on total catch and

Therefore, using equation (16)

. 0, —(Px19x) harvest rate when the stock does not compose all of
0, =——F———. (19) the fishery catchg, # 1.0). Simply because a compo-
1+(px,10x> nent stock declines by a certain proportion does not

mean that impacts on or effects of a mixed stock fish-

The change in stock<atch under conditions of €ry and a single stock fishery are the same. For ex-
constant total catch, in the face of population decline2mple, if a prescribed management objective were to
results from intensification of the fishery on the entirePrevent any increase in harvest rates (i.e., maintain

mixture of stocks modified directly by a reduced abunconstant fishing intensity; Figure 1) of various fisher-
dance of stock. ies on a stock that declined 50%, & -0.50), reduc-

tions in total catch in a fishery for whigh = 1.0 would

be by half@_.=-0.50). However, total catch for a fish-
RESULTS ery withp, = 0.1 would only be reduced by 5%.&

-0.05). This latter result occurs because a 50% decline

in stockx affects only the original 10% that stock pre-

The model derives 4 equations based solely upogy, sy contributed to the fishery; abundance of other

an estimate of the proportion of total catch Cont”b'contributing stocks remains unchanged.

uted by a stock of concern and an estimate of percent- Similarly, that same mixed stock fishery with low

age change in that stock's abundance. é)x would not exert much additional pressure on the
Assuming constant fishing intensity, thus constanyeiining stock, even if fishing intensity increased to
harvest rates, the rates of change in stocatch and  eep total fishery catch constant (Figure 2). Increase

total fishery catch are modeled by in harvest rate for a fishery wifh = 1.0, in the face of
6, =-0.50, would be 100%/, , = 1.0), wherea§,
O.x=0,ando .=p,0,. for a mixed stock fishery witp, = 0.1 in the face of

the same stock decline would only theat 5% e:m:_
Under a different management prescription to keef-053). In other words, the harvest rate of the single
total fishery catch the same from year 1 to year 2 (déstock fishery would double, whereas the lestwate

noted with symbdl), proportional changes in stogk- Of the mixed stock fishery_woulq increase only a few
harvest rate and catch are modeled as per-cent. The latter result is derived from the fact that

any incremental increase in harvest intensity, required
to keep total catch constant and make up for the short-
_ 10 .9, -(px,lex) fall in availability of the declining stock, would be
0,.x —m and 6., —W- exelfted against the.entire mixture of stocks present,
X1 x x17x not just on the specific stock of concern.

Percentage change in stock-specific catch under

Although these equations are valid for both increasesonditions of constant harvest rate are simply equiva-

and decreases in stock size, results here are descrildedt to changes in population siZ.(=6,) and are

primarily with regard to stock decline. Figures 1 and zhot dependent upon the contribution of the stock to
depict the relationships @&, and GL,X to proportion  total fishery catch. Under conditions of constant total
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Figure 1. Change in total catch needed to keep harvest rate on a declining stock constant, as related to the stock’s previou
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catch, however, changes in stock-specific catch are dir- CASE STUDY
ectly influenced by, . Figure 3 depict@j,x showing _
much greater accommodation to reduced population NAlaska annual catch quotas for single stock her-

size by fisheries with loy, ; there is almost no accom- ring fisheries are generally established ynder a con-
modation by those fisheries in which stocks the stant harvest rate strategy (Funk and Harris 1992) based

major contributor. upon annual estimates of spawning biomass. In west-
Although attempting to maintain constant harvesE™M Alaska about 6 apparently discrete spawning stocks

; - e it rt distinct sac roe fisheries, frémeAlaska Pen-
rates is a common fishery management objective, it &-PPO . : .
actually total catch that is adjusted to accomplish thi@sUIa and Togiak through the Yukon-Kuskokwim delta

objecive. Figure 4 depicts the difference hanges 724 ¢ 8! VL 0 PR PO AL R 0
to stopk—specmc catch under imaginary conditions o resumably takes a mixture of the western Alaska
reducing total catch to keep harvest rate constant a

q ati diti f maintaini i awning stocks and is managed under a total catch
under more stalic conditions o maintaining a constarg, ot calculated each year based upon preseason esti-
total catch for various fisheries of differing . This

. : _ mates of the large Togiak spawning biomass in Bristol
figure illustrates a large difference in effect on steck g g P g

for those fisheries with high,, indicating that some In the late 1980s and early 1990s, several of the
management control of total catch may be necessanyestern Alaska stocks were in decline, notably those
But for mixed stock flsherle_s in which the stock con-spawning at Nelson Island. Funk et al. (1991) describe
tributes only a small proportion of the total catch, therghe |imited information available on stock composi-

is little difference in effect between allowing the fish-tion of the Dutch Harbor food/bait fishery. Based upon
ery to continue previous total catch levels and attemppresumed migratory routes, timing of fisheries, some
ing to fine-tune that fishery’s total catch so that anscale-pattern analyses, and respective biomasses of
individual harvest rate and stock-specific catch exactlyestern Alaska stocks, they estimated that the Nelson
match changes in the contributing stock size. Island stock may contribute approximately 2—3% of
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Figure 3. Change in stock-specific catch on a declining stock, given total fishery catch remains constant, as related to the stock’s

previous contribution to the fishery. Dashed-line examples shown gre d610.1 and 1.0, witl@ = -0.50.
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the Dutch Harbor harvest. Funk (1991) and Funk and If both fisheries were to have been allowed to main-
Harris (1992) report spawning biomass estimates fdrin their total catch for 1991 the same as for 1990,
the Nelson Island stock of 2,705 tons in 1990 and 2,38bBen harvest rate of the Dutch Harbor fishery on the
tons in 1991, a Dutch Harbor harvest of 820 tons iiNelson Island stock would not have noticeably in-
1990, and a Nelson Island allowable harvest of 20breased, by about 0.3%, for@y, _indistinguishable
tons in 1990 (actually, no commercial harvests werfrom zero, whereas the Nelson Island harvest rate
taken at Nelson Island due to lack of a nefitkAl-  would have increased by about 13%, f@rq of 0.13.
though the model requires only valuesdgandé , Regarding changes in stock- specmc catch, letting
all of these estimates are used (Table 1) to more cleatllyge Dutch Harbor fishery maintain a constant catch
illustrate hypothetical changes in this case study. level between yearsBZ = -0.12) was pragmatically
Though the stock decline was not very substantiatquivalent to attempting to adjust total catch to keep
(11.83%, for @, rounded to -0.12), the differences in harvest rate absolutely constaf (= -0.12). In ei-
p, for the Dutch Harbor and Nelson Island fisheriegher case the Dutch Harbor catch of Nelssarid her-
(0.03 and 1.0, respectively) result in some definite difring would similarly adjust to reduced abundance of
ferences in their potential responses in catch and hahe stock.
vest rate. If, under assumptions of this model, the Dutch However, forthe Nelson Island fishery, under con-
Harbor flshery were to have maintained the same hagtant total catche is zero whereas attempting to
vest rate in 1991 as in 1990, then its total catch (82@chieve a consistent harvest rate would require a sub-
tons) would need to have been reduced by only 3 tonstantial correctlone(c =-0.12). Thus, to achieve the
for a6, basically indistinguishable from zero (i.e., nosame objective, in this case constant harvest rate, the
change) For the Nelson Island fishery to have malrtotal Nelson Island catch must be reduced about 12%,
tained a constant harvest rate, its total catch (205 toris)it there would be no practical reason to alter the total
would need to have been reduced by 12% (24 tong)ixed stock Dutch Harbor fishery catch.
for af,=-0.12, which is readily distinguishable from  For Dutch Harbor at lovp, there is little differ-
Zero. ence between strategies of constant harvest rate and

)
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Figure 4. Difference between changes in stock-specific catch (filkab)argiven total fishery catch remains constant (upper
sweeping boundaries), compared to constant harvest rate (dark, lower horizontal lines), at various rates diretock dec



28 Articles

Table 1. Model worksheet and illustration for Dutch Harbor food/bait fishery and Nelson Island sac roe fishery
on the Nelson Island herring stock, 1990 and 1991.

Dutch Harbor Fishery Nelson Island Fishery
Model Tons Rates Tons Rates
Parameters of Fish and Percents of Fish and Percents

Inputs
Initial conditions:

1990 stock size (tons) 2,705 2,705
1990 total fishery herring catch 820 205
Initial proportion of fishery catch composed of

stock in question Py 0.03 1.00
Resulting tons of fish from stock harvested in fishery 25 205
Resulting fishery harvest rate on stock of concern 0.91% 7.58%
Proportional change in stock size, from 1990 to 19916 -0.12 -0.12

lllustration
For constant fishing intensity (harvest rate) in 1991:

Stock size in 1991 2,385 2,385
Tons of fish to be taken from stock in 1991, at same
fishing intensity 22 181

Decline in total fishery catch -3 -24

Resulting total fishery catch 817 181

1991 proportion of stock in the fishery catch 2.65% 100.00%
Proportional change in total catch -0.35% -11.83%
Proportional change in stock-specific catch -11.83% -11.83%

On to constant harvest level (total catch) in 1991:

Increase in harvest to make up deficit 3 24

Resulting total fishery catch 820 205

1991 proportion of stock in the fishery catch 2.65% 100.00%
Additional fishery harvest of stock of concern 0 24

Total 1991 harvest of stock of concern 22 205

Resulting harvest rate on stock of concern 0.91% 8.60%
Proportional change in harvest rate 0.36% 13.42%
Proportional change in stock-specific catch -11.52% 0.00%

Output (calculated solely from, andé )
Constant harvest rate between 1990 and 1991:

Proportional change in total catch 6 0.00 -0.12
Proportional change in stock-specific catch 0 -0.12 -0.12

Constant total catch between 1990 and 1991.:

Proportional change in harvest rate 0, 0.00 0.13
Proportional change in stock-specific catch GZ,X -0.12 0.00
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Table 2. Effect of raising, for the Dutch Harbor food/bait fishery and intensifyéhgfor the Nelson Island
herring stock.

Dutch Harbor Nelson Island
Parameter Fishery Fishery
Inputs
Initial proportion of fishery catch composed of stock P, 0.06 1.00
Proportional change in stock size 0. -0.50 -0.50
Output
Given constant harvest rate:
Proportional change in total catch 6. -0.03 -0.50
Proportional change in stock-specific catch, given constant
harvest rate 0., -0.50 -0.50
Given constant total catch:
Proportional change in harvest rate 6:“, 0.03 1.00
Proportional change in stock-specific catch 0 -0.48 0.00

constant catch, but for Nelson Island at highthere  1.0) as it did between 1991 and 1992 (Hamner and
is a substantial difference. The proportion of the DutcliKerkvliet 1994), ther®, for Dutch Harbor Would be
Harbor fishery composed of Nelson Island spawnin@.06 compared to .. for Nelson Island of 1.0@®; .
stock is so low that a moderate stock decline has littieor Dutch Harbor would be -0.06; af . for Nelson
or no bearing on the mixed stock fishery (or the fishisland would be -0.50. Figure 5 illustrates these con-
ery on the stock), yet impacts to and response requirglitions as well: little difference in stock-specific catch
of the local Nelson Island fishery are much more subbetween strategies of constant harvest rate and con-
stantial. stant catch for Dutch Harbor but substantial gains for
The model can be used to examine more extrente Nelson Island fishery under constant harvest rate
situations as well. The Nelson Island stoek poten- rather than constant catch. Consequently, doubling of
tially fluctuate widely between years (Hamner andthe Nelson Island stock biomass would hardly be felt
Kerkvliet 1994), more than the 12% decline noted bein the Dutch Harbor fishery, while total catch at Nelson
tween 1990 and 1991. Moreover, the contribution ofsland could double without increasing its harvest rate.
Nelson Island herring to the Dutch Harbor catch mighThus the benefits and costs of single stock fluctua-
conceivably be higher than estimated by Funk et ations apply much more directly to single than to mixed
(1991). By changing populan decline tad, = -0.50  stock fisheries.
and doubling the pportional contribution of Nelson Finally, although not derived entirely from the
Island herring to the Dutch Harbor fishepy, € 0.06), model’s simplified equations, the model can illustrate
then model outputs can be recalculated to compathe effect of applying strict proportional reductions on
more extreme effects of the Dutch Harbor fishery orotal mixed stock catch in fisheries of Igw in the
the Nelson Island herring stock (Table 2). Even adace of a single stock decline. In the case of a 50%
suming more impact to this stock by mixed stockreduction in biomas$( =-0.50), in year 2 there would
catches at Dutch Harbor, it is the local Nelson Islantie no discernible difference in harvest ratg (=
fishery that must be adjusted in response to the stocks91% tou , =0.92%) or stock-specific catch‘l(
decline; adjusting catch in the Dutch Harbor fisheryl2.30 tons tcC = 12.49 tons) for the Dutch Harbor
would still be inconsequential (Figure 5). fishery (atp, = 0. 03) under either harvest strategy. Yet,
Although managers may be more immediatelyloss to the fishery as a whol€)(- C,) would be 1.5%
concerned with declining stocks, this model can alsof total catch (>12 tons) if total catch were reduced to
be used to examine relative benefits to various fishekeep harvest rate absolutely constant.
ies gained through increases in abundance. Using in- If the quota was reduced by half under a mistaken
puts from the example above, but rather than decliningnpression that a 50% reduction, rather than a 1.5%
in half, assume the Nelson Island stock doubfed=(  reduction, in total catch at Dutch Harbor must be im-
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posed to match a 50% decline in the Nelson Island by “intuition” or common-sense reasoning,
stock, then the costs would even further exceed the without actual computén... The alue of
benefits. Applying consequept, , = 1.52% to the re- these calculations and others similar is mainly
duced quota (410 tons) would give a stock-specific to provide objective models which can be cited
catch savings of <6 tons of Nelson Island herring out in justification of a particular regulation. What
of the reduced population size of 1,353 tons (i.e., a is common sense to one man may seem ridicu-
0.4% “sarings”) at a cost of 410 tons (50%) of total lous to another. The calculation of benefits and
catch to the Dutch Harbor fishery. In this case, almost losses under prescribed conditions is the only
70 tons of catch at Dutch Harbor would be forfeited way to resolve such arguments.
for each of the 6 tons of Nelson Island stock saved.
Yet, these savings would be an insignificant contribu- Sometimes regulatory questions must address
tion to the Nelson Island stock’s total biomass. comparison of 2 or more fisheries upon a shared stock
of fish, rather than a single fishery upon 2 or more
stocks. Just such a debate surrounded management of
DISCUSSION the Dutch Harbor and Nelson Island herring fisheries
and occupied the Alaska Board of Fisheries from the
Ricker (1958), in an early evaluation of a mixedmid 1980s through the early 1990s. In the face of de-
stock fishery and its several component stocks, notegline in the Nelson Island stock, the board wished to
share the management burden across both fisheries in
Most of the conclusions arrived at from the  some comparable manner but found little technical in-
analyses above could, | believe, be reached formation available to assist them.
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Figure 5. Comparison of potential changes in catch of Nelson Island herring in Dutch Harbor and Nelson Island fisheries, given
total fishery catch remains constant compared to constant harvest rat€,5 and +1.0.
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This paper presents a simple method to compaigocksother thanx. Generally, if sucl®  were to be
the relative effects of diffeint fisheries on a common positive while stockk declined, then the differences
stock of concern. Results indicate that a mixed stodketween fisheries of low and high, would be even
fishery, for which a specific stock contributes only amore pronounced than described here. Conversely, if
small portion of the total harvest, may have little rela-9, andf , were both negative, then the differences be-
tive effect on the stock, even if it is in substantial detween fiSheries would be less distinct.
cline and total harvest of the fishery remains unchanged. Many times the data needed to conduct a detailed
Catch reductions or changes in harvest rates need retamination of various fisheries’ relationships to fluc-
be the same among fisheries sharing a stock of cotuating stock abundance are simply not available, yet
cern in order to effect similar responses by the fishemanagement concerns must still be addressed. This
ies or to exert similar influence upon the stock. Fomodelillustrates a rather apparent, but sometimes over-
example, not all fishery catches would need to be cuboked, notion that the proportion of total catch con-
in half to maintain a consistent harvest rate on a stodkibuted by a particular stock affects the responses of
that declines by 50%. The algebraic model and bridisheries to the stock’s decline.
case study developed here illustrate that, in the face of Specifically, fisheries that rely heavily upon the
changes in abundana®, §, the proportional contribu- stock of concern have a much moredirrelationship
tion (p,) of a stock to a fishery’s harvest dramaticallyto any fluctuations in the stock, whereas such influ-
influences that fishery’s total and stock-specific catclences and effects are diluted by the presence of other
and the effects of that fishery (e.g., harvest rate) on tlstocks in a mixed stock fishery. If thegportion (o, )
stock. is quite small, then the effects on stoakf a constant

Various scenarios within the case study illustrateatch or a constant harvest rate policy would be nearly
the robustness of the model. Initial assumptions neadentical, but the difference between such policies on
not be especially accurate, so long as there is a sutotal catch of the mixed stock fishery could be sub-
stantial difference in the, of fisheries being com- stantial.
pared, which is usually the case between mixed stock This model can be used for a number of fishery
fisheries and more stock-specific ones. Of course, thigpes, whether they are quota-based or exploitation
model presumes that only the single stock of concemate-based, such as those for herring, groundfish, and
fluctuates in abundance from year to year. While thishellfish. Extension of this model to escapement-based
is seldom strictly true in the real world, such an assalmon fisheries is discussed separately (see Lloyd
sumption can be valid as long as there is not substah996 in this issue) because salmon fisheries are gen-
tial covariance in the abundance of contributing stocksrally managed upon fixed annual escapements, with
It would be possible to expand this model to allow forallowable catch and harvest rates both flutihga
an increase or decrease in aggregatmdance of greatly depending upon harvestable surpluses.
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