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Relative Effects of Mixed Stock Fisheries
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Application to Fixed Escapements and Norton Sound Chum Salmon

Denby S. Lloyd

AsTRACT. An algebraic model relating annual changes in harvest rate and catch of various fisheries to the percent
of total catch in each fishery contributed by a particular stock is examined to explore implications pertaining to
harvest sharing and related escapements. Results indicate that mixed stock fisheries, especially those in which the
stock of concern composes a small proportion of the total catch, tend to achieve much of their proportional respon-
sibility for fixed escapement without adjustment of total catch. More terminal fisheries with high contributions
from a particular stock must adjust total harvests to achieve similar responsibility. Adjusting total catch of mixed
stock fisheries to fully achieve a strict proportional sharing of escapement comes at a cost of many times the
number of fish forfeited from the harvest compared to the number of fish added to the stock’s escapement. Such
additions to the escapement are often insubstantial. Harvest adjustments in single stock fisheries, however, provide
a 1-fish benefit to the escapement for each fish forfeited from the harvest, and often such contributions compose a
substantial portion of the total escapement objective. Implications for Norton Sound chum Galtodmynchus
ketaescapements are explored for the South Peninsula June mixed stock fishery compared to more terminal fishing
in Norton Sound.

INTRODUCTION Pass) fishery and the Norton Sound salmon fishery on
chum salmor©ncorhynchus ketapawning in Norton

Obtaining accurate information on relative stockSound.
contribution to most mixed stock fisheries and evalu-
ating a fishery’s impacts on those component stocks
is not an easy task. Stock identification of catches can METHODS
be difficult and expensive, as can obtaining compre- _ _ _
hensive and accurate information on annual total run  The model described in Lloyd (1996) relies upon
or population size of each component stock, or evefieneral estimates or assumptions of (1) the proportion
their relative vulnerability to various fisheries. of the fishery’s catch4,) composed of fish from a

In my companion paper (Lloyd 1996 in this is- Particular stock, and (2) the proportional charég (
sue) an algebraic model is presented that is not so dat8-Population size exhibited by that stock from one
intensive and allows the relative impacts of variougP€eriod or year to the next. Model outputs describe an-
fisheries on a declining stock to be compared. nual (1) rates of change in total catéh)(and stock-

For fisheries managed on total catch or harvestpecific catch ,) of the fishery if harvest rate were
rate, the model can be used to compare the relati@ remain constant, and (2) rates of change in harvest
impacts of various fisheries in which the stock or poputate 6,,,) on the stock and in stock-specific cath,)
lation in question composes different proportions off total fishery catch were to remain constant.
the catch. For salmon fisheries, however, which are
often managed on fixed-escapement objectives rath@arameters and Definitions
than total catch or harvest rate (Eggers 1993), the
model needs amendment. Here, those amendments are Management of fisheries for constant or fixed es-
developed to explore proportional sharing of responecapement results in oscillating catches and harvest rates
sibility among fisheries to achieve that escapementiepending upon annual return size and consequent sur-
Two mixed stock salmon fisheries that reportedly harpluses available for harvest once escapement is secured.
vest salmon from a common stock are used as a cadéthough actual escapements vary around fixed-es-
study: the South Peninsula June (also known as Falsapement objectives, for purposes of this conceptual
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model it is sufficient to assume that actual escapemewherep, , is the proportion of total catch composed
is equal to the fixed objective over time. In additionof stockx in year 1.

fisheries close to spawning areas (i.e., terminal fisher- Other initial parameters are similar to Lloyd’s
ies) are assumed to be managed directly for escap@-996) original derivation:

ment objectives, whereas mixed stock fisheries further

from spawning areas are gealky managed under C
other criteria, such as constant total catch quotas or Hyq = —20, 4)
limits, because managers usually cannot assess stock N1

run strengths or effect stock-specific fishing effort.

Recognizing these differences, the model is prewhere 1, , is the fishery's harvest rate on stocin
sented to produce compansons@cfande under vyear1, and
constant harvest rate afd, andd, , under constant
catch usmg the original derlvatlon by Lloyd (1996). N.,=N_, (6. +1) )
The model is then extended to examine the sharing of x1 '
responsibility for providing fixed-escapement objec-
tives by the respective fishies. Thatesponsibility is  whereN, , is the stock size in year 2 afg is the
allocated in proportion to the fraction of the stock’ sproportlonate change in stoglkabundance from 1 year
harvestable surplus taken by each fishery in year 10 the next.
Similar to Lloyd (1996), | assume the specific stock
of concern is the only one to change population sizegnstant Harvest Rate
and that other aspects of vulnerability for all stocks to

each fishery remain constant. Assuming harvest rates remain the same in year 2
For fisheries managed under fixed escapemengs inyear 1, then derivation of change in stock-specific
begin with catch and total fishery catch is the same for fixed-es-
capement fisheries as it is in the general model (Lloyd
N 1996):
E= F:'l , 1)
Cx 2 Cx 1
(o] = . = 9)( ,
whereE s the fixed-escapement objectig, , is the ¢ Cy1
abundance of stockin year 1,andR is the stock’s
presumed return per spawner. Then and
_C-C _
Cx,1: Nx,l_ E, (2) Oc - Cl _(px,lex)-
whereC, , is a fishery’s catch of stock(i.e., harv- These rates of change in catch result from decline

estable surplus) inear 1. Tallow comparison of fish- in a component stock’s return size and the fishery’s
eries sharing responsibility for achieving escapementspnsequently reduced catch of fish from that stock
under a constant harvest rate. And because relative
=(N_, - E)(P) (2a) abundances of the stocks have changed in year 2, so
has the proportion of total catclpy) composed of
fish from stockx:
whereP, is the proportion of harvestable surplus of
stockx allotted to each fishery being evaluated and as

: , . © © C.,
such reflects each fishery’s proportionate responsibil- P,o=— (6)
ity toward achieving the stock’s annual escapement ‘ C,
objective.

A fishery’s total catchC,, in year 1 is
Constant Total Catch
C
C, = X1 ) Derivation of change in stock-specific harvest rate

Pxa and catch, if total fishery catch remained constant, is
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also the same for fixed-escapement fisheries as in the . _C,-C,
general model (Lloyd 1996): 0, = —c (10)
1
* Mo~ Hya _ ~(Pya0y) °
(o] = ! == ! , ° _ .ux,z aux,l
T, 16 (p,00)) T (11)
X,1
and and
. C.,-C - .
ec . — X,2 x,1 - ex (px,lex) ) 90 3 Cx,2 — Cx,l (12)
' Cia 1+(py164) ex = C.,

These rates of change in stock-specific harvest rate The first output equation, which describes propor-

and catch result from the decline in the size of SXock iona change in total fishery catch, can be simplified
and subsequent intensification of the fishery on th&, 1arms ofp., 8., andR of stockx , plusP, for each
X! X? ! e

entire mixture of stocks to make up for the skftf  fshery. Substituting relationships from equations (3)
and (8) results in
Constant Escapement

If, in the face of a stock’s decline, in year 2 the o = [[ C;zj[pm ﬂ 1
C - - .

fishery is constrained to achieve the same escapement C 0
objective as in year 1, then %1 X,2

. By applying various relationships from above, then
C.,=N,,-E, @) y applying p

wherec;2 is the catch of stockin year 2 under con- Cez = [R(ex +1)] _ 1_

stant esqzement. The refiement,P,, can also be C1 R-1

added here if more than 1 fishery bears responsibility

for achieving escapements and thus must share the For the other portion of this derivation, substitute
available surplus: relationships found in equations (4) and (5) from Lloyd

] (1996) and several here:
Cx,2 = (Nx,2 - E) ( Fé) . (73.)

. . Px,l _1+(px,19x)
The resulting total catch for each fishery would be- =

Come pX,2 (QX +1)
. By recombining and simplifying, then
. Cy»s
C2 = p : il (8)
x.2 o o R-[1/(6, + 1) 1+(p,0 )]l -1 (3
and the resulting fishery harvest rate on stoakuld ¢ R-1 [ Px1Zx ] - (13)
be
. The second output equation, describing propor-
© Cy2 ) tional change in stock-specific harvest rate, can also
Hx2 N,, be expressed in terms of input parameters by substi-

tuting relationships from equations (4) and (9):

Model outputs, in terms of rates of change in total
catch, stock-specific harvest rate, and stock-specific . HC”][ leﬂ
0,y =|| =2 || 22 || -1.

catch for a fishery under conditions of constant es- C N

capement, are x,1 X,2
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This can then be expressed as or limits) against those for more terminal fisheries (e.qg.,
fixed escapement) harvesting a shared stock of con-
cern, further development of this model is possible.

o = { R- [1/ (Ox + )]} 1 (14) For example, if the respective fisheries were allowed

Hx R-1 ) to maintain constant total catch in the face of a stock’s
decline, then what relative proportion of each fishery’s

_ , . adjustment of stock-specific catch needed to provide

The third output equation, describing rate ofits'complete proportional “share” of total escapement

change in stock-specific catch under constant escapgpuld be satisfied? This can be calculated by the equa-
ment, can be simplified from equation (12) as in thgjgn

derivation for@,:

Cx,l_C;,Z_e;X_
. R-[1/(6,+1 -c. o
9”:{—[ (6+ )](0X+1)}—1. (15) CiamC O
' R-1
l:ex _(px,lex)]
RESULTS 1+(P16x) . (6)

Under constant escapement, proportional change
in total fishery catch is a function 6f, R, andp, :

{w(gx +1)}_1
R-1

R—[l/(e +1)] Figure_l displays this relationship for 3 values of
0. :{—X[“(le@x)]}—l- stock decline for each of 3 presumed rates of return
R-1 ' per spawner. Because of a slightly increased harvest
of other stocks in the mix, all curves for fisheries with
. o . low p, show substantial satisfaction of proportional
Changes in stock-specific harvest rate and in stockyy;,siment to stock-specific catch, even if total catch
specific catch are a function Bfand®,, butnotp,: g ot reduced. Fisheries with high), however, show
little or no adjustment in stock-specific catch.
] R — [1/ (6, + 1)] In addition to satisfying a portion of these adjust-
0" = X -1, ments to stock-specific catch, the portion of the fish-
ery’s full share of responsibility toward the fixed-es-
capement objective, when total catch remains constant,

X

R-1

and can be expressed as follows:
.| R-[1/(8,+D)] ‘
ec,x _{—R—l (Qx +1)} 1. (tha Nx,2) CX,2 :(ex +1) 1+[R(pX19X)] . (17)
RE 1+(p,10,)

Note that respective fishery allotmeR, of stock
x and responsibility for achieving escapement objec- Figure 2 displays this relationship for 3 values of
tives does not influence within-fishery, between-yeastock decline for a singleturn per spawneR(= 2.0).
comparisons of catch and harvest rate. However, r&henp, of a fishery is high and as stock decline be-
spective values d?, can be useful in considering nu- comes more severe, substantially less responsibility
merical differences in catch and harvest rate betwednr proportional sharing of escapement is satisfied
fisheries, as well as in calculating the numerical conwhen total catch remains constant. Under the same
tribution to total escapement provided by the respeonditions, there is substantially greater accommoda-
tive “savings” obtained by reducing total catch intion of responsibilities for sharing of fixed escapement
various fisheries. by fisheries of lowp, .

To compare common management regimes for It is apparent from Figures 1 and 2, however, that
mixed stock fisheries (e.g., constant total catch quotasot the entire share of stock-specific catch reductions,
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Figure 1. Relative performance of adjustments needed to satisfy constant escapement, with total catch remaining constant, at
3 levels of stock decling, = -0.1 (upper), -0.25 (middle), -0.50 (lower), and at 3 different presueteds per spawner,
R = 1.5 (triangles), 2.0 (squares), 2.5 (diamonds).
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Figure 2. At various levels of stock decling, (= -0.1, -0.25, 0.5) andR = 2.0, portion of responsibility in achieving fixed
escapement when total catch is constant.
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Fish Lost from Total Catch Per Fish Added to Escapement
to Provide Proportional Share of Constant Escapement
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Figure 3. Relative cost from total catch of providing remainder of proportional escapement, not otherwise provided at constant
total catch, at 3 levels of stock declife= -0.1 (triangles)@,= -0.25 (solid squares), a®j= -0.5 (clear squares).

Proportion of Total Escapement Provided by Reductions
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Figure 4. Proportion of total escapement provided by reductions in total catch necessary to achieve complete proporgonal shar
of constant escapementRt= 0.1 (closed symbols) and 0.9 (open symb®ts;,2.0, and at various levels of stock ldex
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nor full share of contributions to total escapement, arksheries with highP, it becomes increasingly impor-
made automatically, even by mixed stock fisheriestant to reduce total catch in order to achieve constant
Therefore, reductions in total catch would be require@scapement objectives, especiallpamcreases and as
to completely fulfill responsibility toward fixed escape- 8, becomes more severe.
ment. In terms of reduced total catch, the cost of pro- In summary, results exhibited ingares 1-4 indi-
viding the remaining incremental adjustment not alcate that mixed stock fisheries (Iguy) tend to auto-
ready provided under conditions of constant total catchnatically provide substantial portions of their share
can be calculated by the equation of incremental reductions in stock-specific catch need-
ed to achieve constant escapement, even when the stock
L. declines and total mixed stock fishery catch remains
c,-C _ 1 _ 1+(Px,19x) (18) constant (Figures 2). This is because reduced abun-
C.,-C, - Do - P+ (Px 19X) ' dance of stock in the fishery’s total catch is compen-
' ’ ’ ’ ’ sated by increased pressure exerted upon the suite of
other available stocks. If total catch in the mixed stock
Figure 3 depicts this relationship and shows thafishery is reduced to provide the needed additional
each fish forfeited from total catch in a single stockescapement for stock then this comes with added
fishery (o, = 1.0) is applied toward that fishery’s re- cost: for each additional fish provided to the stmck-
sponsibility in maintaining constant epement. As escapement, many more fish must go unharvested
p, becomes low, however, the relative cost in forfeiteqrigure 3). Furthermore, the percent of staelscape-
total catch increases dramatically for each fish addeghent provided by the reduced total catch in the mixed
to stockx escapement. This relative cost becomes vergtock fishery (lowp, and usually lowP)) is often small
high at very lowp,. (Figure 4).
Finally, itis of interest to estimate the relative value Results are clearly different for terminal fisheries
toward total escapement that such reductions in totghigh p,). In the face of stock decline, little or no ad-

catch provide: justment for escapement needs is made if total catch
remains constant (Figures 1, 2). Reducing total fish-
c.,-C ery catch to provide needed stockescapement pro-
X2 X2 (R-1)( P)(e* -9 ): vides about a 1:1 benefit in added escapement (Figure
E e G X GX .y .
3). In addition, the proportion of total escapement pro-

vided by these adjustments of total catch can be sub-
stantial,especially in the face of severe stock declines

R- 1 (Figure 4).
[R-1[R] 0, "(P xa? x) _ (6,+7) (6, +1)|-1 Because most management concern centers around
¢ 1+( x19x) R-1 X " response to stock decline, these equations have thus

far been displayed fof, < 0. However, they can be
equally applicable to increases in stock size and thereby
(29) show the relative benefits of increased abundance of a
specific stock to fisheries with low and high. Fig-
Here, values foP, are needed in addition to in- ure 5 compares management regimes for mixed stock
puts forR, 8,, andp,. For a limited set of such values, fisheries (constant total catch) and terminal fisheries
Figure 4 illustrates the proportion of total escapemen(constant escapement) by depicting the differences be-
provided by reducing total catch in an amount requiretiveen changes in stock-specific catch at constant total
to achieve complete proportional sharing of constartatch GZ’X) and constant escapemefi () for fisher-
escapement. Thiggure illustrates the primary impor- ies of variousp, at both a 25% reduction and a 25%
tance ofP.,. At low P, as usually exhibited by mixed increase in stock size. Figure 6 depicts the differences
stock fisheries, only a small portion of the stock’s to-between changes in total fishery catch under the same
tal escapement objective would be supplied by reduconditions off, = -0.25 and +0.25.
tions in total catch under any conditions of stock When stock size increases, benefits of increased
decline. At highP,, as usually exhibited by terminal stock-specific and total fishery catch accrue more sub-
fisheries, the severity of stock diee (6,) and the stantially to single stock fisheries (high)), whereas
proportion of total catch composed of stocKp,)  such benefits are again diluted by the presence of other
more substantially influence the proportion of total esstocks in mixed stock fisheries (Iqa). Further, for
capement provided by reductions in total catch. Fothose mixed stock fisheries managed under catch quo-
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tas or limits, total catch may not be allowed to increasengoing fishing within Norton Sound on these salmon
so much as to take full advantage of a major increases well.
in the single stock’s abundance. Under these condi- Because most escapements and subsistence har-
tions, the mixed stock fishery would contribute morevests in Norton Sound are unknown, Buklis (1994)
than its complete share toward the stock’s escapemarged a conservative return per spawner of 2.0 to esti-
objective, which may actually promote a reallocatiomrmate an average annual total chum run of 346,000 fish
of harvest opportunity to more terminal fisheries.  for 1980-1989. This was composed of local commer-
cial plus subsistence harvests of 173,000 and an aver-
age escapement of 173,000, for a 50% exploitation
CASE STUDY rate. These harvest estimates did not include harvest
allowances for the South Peninsula or elsewhere.

As indicated in tagging experiments conducted by  The South Peninsula June fishery on the other
the Alaska Department of Fish and Game (ADF&G)hand has, since the mid 1980s (except for 1987), been
in 1987 (ADF&G 1992), some Norton Sound chumrestricted to a chum harvest limit currently set at
salmon are captured almost 1,000 mi away in the mixetD0,000 fish per season. The actual average catch for
stock fishery offthe South Alaska éhinsula during the period 1980-1989 was calculated from McCul-
June. Although Norton Sound harvests have declineldugh et al. (1994) to be approximately 550,000 chum
since the early 1980s (Buklis 1994), there has beesalmon.
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Figure 5. Comparison of potential changes in stock-specific catch, given total fishery catch remains constant or escapemer
remains constant, for a stock declining and gaining by 28% ¢0.25 and +0.25) and having R 2.0.
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To estimate the proportion of the June fisheryun of 276,000 for Norton Sound was 80% of the
chum harvest composed of Norton Sound chum saln1:980-1989 average estimate of 346,000 (Buklis 1994).
on, Eggers (1995) evaluated genetic stock identifiwith these inputs and presuming the Norton Sound
cation information (Seeb et al. 1995) about the 1993ishery harvests only Norton Sound chum salmmy=(
1994 South Unimak portion of the June fishery. Eggers.0), the conceptual model described above can be used
concluded that a median scenario (Case 2) of the prs compare relationships of these disparate fisheries
vious 1987 ADF&G tagging study best represented apo the Norton Sound chum runs (Table 1).
proximate stock composition within the June fishery  The model projects that, under constant harvest
as a whole. This was combined with revisions to theate, total chum catch in the South Peninsula June
tagging study (ADF&G 1992) that estimated the confishery would decrease by 4,070, which reflects the
tribution of Norton Sound chusalmon to the separate decline from average conditions to those present in
Shumagin Islands and South Unimak portions of thd993. The Norton Sound fishery under the same sce-
South Peninsula June fishery harvest. A weighted awario would decline by 32,930 fish. For the Peninsula
erage of these estimates against harvest numbers pfishery 6, = -0.0074 while for Ndon Sound 8, =
duced an approximate average contribution of Nortor0.20. In other words, catch in the Peninsula fishery
Sound chum salmon to the South Peninsula June fistvould need to have been reduced by <1% of its origi-
ery of about 3.7%. Applying this pmmtage to aver- nal level to have kept harvest rates the same, but in the
age total catch yielded an estimated average catch faice of the same stock decline, the Norton Sound fish-
20,320 Norton Sound chum salmon in this fisheryery catch would need to have been reduced by 20%.
Adding this figure to the average return estimated with-  If in 1993 both of these fisheries’ harvests were
out this catch produced an average Norton Sound chumaintained at their average levels, in spite of the short-
salmon return of almost 370,000 fish. fall of Norton Sound chum salmo@ (= -0.20), then

In 1993 much of western Alaska suffered a nothe harvest rate of Norton Sound chum salmon would
table drop in the chum salmon run; the estimated totélave barely increased from 5.50% to 5.54% in the Pen-
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Figure 6. Changes in total fishery catch given escapement remains constant for a stock declining and gainiré) y-25256 (
and +0.25) and having &= 2.0.
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Table 1. Model worksheet and illustration for South Peninsula June and Norton Sound fisheries on Norton
Sound chum salmon, prior to and during 1993.

S. Pen. June Fishery Norton Sound Fishery
Model Number Rates Number Rates
Parameters of Fish and Percents of Fish and Percents
Inputs
Initial conditions:
Average stock sizeifh) 370,000 370,000
Average total fishery chum catch 550,000 164,650
Average proportion of fishery catch composed of stock
in question o, 0.037 1.000
Resulting number of fish from stock harvested in average
fishery 20,350 164,650
Resulting average fishery harvest rate on stock of concern 5.50% 44.50%
Average return per spawner R 2.00 2.00
Fixed escapement E 185,000 185,000
Total hanestable surplus 185,000 185,000
Proportional management for escapement; access to
harvestable surplus P, 0.11 0.89
Proportional change in stock size, from average to 1993 9, -0.20 -0.20
Illustration
For constant harvest intensity (harvest rate):
Stock size in 1993 296,000 296,000
Number of fish to be taken from stock in 1993, at same
fishing intensity 16,280 131,720
Decline in total fishery catch -4,070 -32,930
Resulting total fishery catch 545,930 131,720
1993 proportion of stock in the fishery catch 2.98% 100.00%
Proportional change in total catch -0.74% -20.00%
Proportional change in stock-specific catch -20.00% -20.00%
On to constant harvest level (total catch):
Increase in harvest to make upidief 4,070 32,930
Resulting total fishery catch 550,000 164,650
1993 proportion of stock in the fishery catch 2.98% 100.00%
Additional fishery harvest of stock of concern 121 32,930
Total 1993 harvest of stock of concern 16,401 164,650
Resulting harvest rate @tock of concern 5.54% 55.63%
Proportional change in harvest rate 0.75% 25.00%
Proportional change in stock-specific catch -19.40% 0.00%
On to constant escapement:
1993 harestable surplus of stock of concern 111,000 111,000
Access to harvestable surplus 12,210 98,790
Proportion of stock in fishery catch 2.98% 100.00%
Resulting total fishery catch 409,448 98,790
Resulting harvest rate @tock of concern 4.13% 33.38%
Proportional change in stock-specific catch -40.00% -40.00%
Proportional change in harvest rate -25.00% -25.00%
Proportional change in total catch -25.56% -40.00%
Output (calculated directly from,, 6 , andR)
Constant harvest rate:
Proportional change in total catch R -0.01 -0.20
Proportional change in stock-specific catch 0.« -0.20 -0.20
Constant total catch:
Proportional change in harvest rate 6, 0.01 0.25
Proportional change in stock-specific catch g;x -0.19 0.00
Constant escapement: i
Proportional change in stock-specific catch eoc,x -0.40 -0.40
Proportional change in harvest rate Bux -0.25 -0.25
Proportional change in total catch 9; -0.26 -0.40
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Table 2. Model derivatives from consideration of constant escapement for Norton Sound chum salmon in the
South Peninsula June and Norton Sound fisheries.

Parameter South Peninsula Norton Sound
or Equation June Fishery Fishery
Input
Average proportion of fishery catch composed of stock
in question P, 0.037 1.000
Average return per spawner R 2.00 2.00
Proportional change in stock size, from average to 1993 6, -0.20 -0.20
Proportional management for escapement; access to
harvestable surplus P, 0.11 0.89
Output
Percent reduction in stock-specific catch, of that needed to
maintain constant escapement, if total catch remains
constant Eq. 16 48.51% 0.00%
Percent of full proportional responsibility toward fixed
escapement provided under constant total catch Eq. 17 79.40% 60.00%
Relative cost of reducing total catch to comply with
full proportional share of escapement (1:1) Eq. 18 33.53 1.00
Percent of total fixed escapement provided by reducing
total catch Eq. 19 2.27% 35.60%

insula fishery but would have increased dramaticallyive fisheries, still are very similar to the original cal-
from 44.50% to 55.63% in the Norton Sound fisheryculations, which shows that this model is fairly robust
This corresponds t6u for the Peninsula fishery of in the face of even the few assumptlons that are used.
0.0075 and9 . for Norton Sound of 0.25. In other The South Peninsula June fishery is only slightly in-
words, the Penlnsula harvest rate on Norton Sounitlenced by and exerts only slight influence on fluc-
chum salmon would have increased by <1% of its avtuations in Norton Sound st& This is not true for
erage level compared to 25% for the Norton Sounthe Norton Sound fisheries, which rely much more
fishery. heavily upon these fish.

These values for change in total catch and harvest Proportional sharing of constant escapement ob-
rate can be calculated directly from estimates or agectives are also depicted in Table 1. At a 20% stock
sumptions ofp, and 6, alone. The simplified equa- decline and the orlgaIR 2.0 BC « for both fisheries
tions obviate the need for much of the data inputs-0.4 and9u for both is -0.25. However, total catch
normally associated with such an evéilba And to  of the South Peninsula June fishepy, € 0.037) would
provide these evaluations, specific estimates or asieed to be reduced by approximately 26%, whereas
sumptions forp, do not need to be especially accu-that of the Norton Sound fisherp(= 1.0) would need
rate, so long ap, for one fishery is substantially to be reduced by 40%.
different thanp, for another (Lloyd 1996). For ex- Further derivatives under constant escapement are
ample, ifp, for the South Peninsula June fishery wasshown in Table 2. For example, if total catch in the
more appropriately twice the estimate of 0.037, and t8outh Peninsula June fishery was maintained in the
account for possible contributions to the catch fronface of a 20% Norton Sound chum stock reduction,
neighboring stocksp, for Norton Sound was closer under a fixed quota or limit, the Peninsula fishery
to 0.80 than 1.0, then changes in total catch and hamrould still be providing 49% of its share of reduc-
vest rate for the respective fisheries would still beions in stock-specific catch. That is, the Peninsula
substantially different. Specificallyith 8, still at  fishery’s full share of harvestable surplus and coinci-
-0.20, therg, = -0.015 for the Peninsula and -0.160dent responsibility for escapement is 11% of the total.
for Norton Sound an@’, . = 0.015 for the Peninsula When the stock declines by 20%, the June fishery
and 0.191 for Norton §ound. stock-specific catch should decrease by 40% and total

These changes in total catch and harvest rate, giveatch by 26% to fully achievé = 11%. But with total
very different presumptionsbaut p, for the respec- catch remaining constant, stock-specific catch declines
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by 19.4% automatically, which equals 49% of theescapement also varies greatly, depending upon the
escapement adjustment and facilitates proportiongd, andP, of each fishery.
sharing. And though only about half of the escape- The results show that, per unit reduction in total
ment adjustment is accommodated, the Peninsula fisfishery harvest, terminal fisheries, rather than mixed
ery still contributes over 79% of its total proportional stock fisheries, will contrilite more escapement for a
share to total escapement. stock of concern. These are fairly intuitive results.
If, however, the Norton Sound fishery were to keefHowever, the mechanics of equivalent influence and
total catch the same in the face of the same 20% stoelfect of fluctuating stocks between these 2 types of
decline, it would fail to contribute to the needed esfisheries has not been extensively explored. In Alaska
capement adjustments, and would provide only 60%uch questions have become more pressing in light of
of its total proportional share toward fixed escapemerd mixed stock salmon fishing policy adopted by the
(Table 2). In order for the Peninsula fishery to providelaska Board of Fisheries (State of Alaska 1993),
the remainder of its share of the escapement adjusihich states, “. . . the burden of conservation shall be
ment, total catch would need to be reduced by a factghared among all fisheries in close proportion to their
of 33.5 fish for each fish added to the escapement. Fegspective harvest on the stock of concern.”
the Norton Sound fishery, however, total catch would  Another conclusion, of pragmatic importance, is
need to be reduced by only a factor of 1 fish for eacthat lack of precise management control in effecting
fish added to the escapement. stock-specific harvest adjustments in mixed stock fish-
Finally, the 26% (140,553 fish) reduction in totaleries is not nearly so critical as lack of management
catch for the Peninsula fishery required to fulfill itseffectiveness in terminal fisheries. Of further interest,
share of constant escapement would provide onlihe mixed stock fishery cost, in terms of forfeited over-
2.27% (4,191 fish) of the total escapement. Converselyj| harvests to provide stock-specific escapement, can
the 40% (65,860 fish) reduction in total catch of thepe substantial, but when the stock of concern rebounds
Norton Sound fishery would provide 35.6% (65,8600 above-average abundance, the mixed stock fishery
fish) of the total escapement. It is apparent that sugg unlikely to receive a compensatory increase in its
harvest controls in the more terminal Norton Soun@arvest of that stock. Instead, it will probably be con-
fishery are much more important, as well as cost ektrained by a harvest quota or other limitation that
fective, than similar adjustments to mixed stock harprevents it from taking a proportional share of the sur-
vests in the South Peninsula fishery. plus.
A specific stock’s abundance is rarely known be-
fore the return approaches the terminal area, largely
DISCUSSION because preseason forecasts have not been very accu-
rate. Therefore, stock declines or increases are specu-
Salmon stocks in Alaska are largely managed ttative in mixed stock fisheries, making it difficult to
meet a fixed escapement objective or range; the réne-tune total catch to achieve constant escapement.
mainder of each run is made available for harvesfortunately, as shown above, constant total catch in
Unlike terminal areas, where individual run size carmixed stock fisheries inherently compensates, to a
be assessed and target harvests and escapements rdagree, for changes in a single stock’s abundance and
ily controlled, more distant mixed stock fisheries rarelydoes not exert a substantial impact on the resulting
provide comparably accurate assessments of individuascapement. In addition, constant catch over time, in
run strengths or the ability to selectively harvest a spdghe face of above- as well as below-average stock abun-
cific stock (Eggers 1993). Because of these limitationglance, would forfeit potential shares of hestable
more distant mixed stock fisheries are often allocatesurplus in some years and slightly exceed them in oth-
a set total harvest limit (quota or cap). Conversely, teers. Therefore, there would be little benefit from fine-
minal fisheries oscillate, benefiting directly fromostg  tuning a mixed stock fishery catch with Igey, and
runs and accommodating poor runs. given unknown or poorly forecasted annual return
Changes in total catch to accommodateppr-  strengths, forfeitures would frequently be unjust (i.e.,
tional sharing of harvestable surplus and fixed escap&then actual run reductions are less than expected).
ment objectives varies greatly among fisheries, depend- These conclusions can be applied to the decade-
ing primarily upon the percent contribution of thatold controversy over appropriate sharing of harvest
stock to the fishery’s total catclp(). Moreover, the of Norton Sound chum salmon between fisheries in
relative benefit of harvest reductions to the stock’Norton Sound and along the Alaska Peninsula. Com-
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peting user ups fawe appealed toegulatory bod-  specive harvestraes (Ejgers 1995)aswell as oigoing

ies, the site legislaure, and the courts to assigir-ha attempts to reduce the South Peninsula June chum
ved shaes of these stlis. This has promptedtempts  hawvest c@.

to more spefically estimate respective ivast kbv- This conceptual model alvs some basic ques-
els, stak compositionsrelative stak vulnerabilities, tions and a number of scenarios to be more easily ad-
and stock-spefic harvestrates (Eggers 1995) and to dressed without the need for detailed estimates that
devise distinct conseation actions for the South Pen- cannot beeliably developed from thewvailable dia.
insuladune and Norton Sound fisheriéhis, urfor-  The model sbws that substantial adjustments in the
tunaely, has only exacerbated thebdée by réying  Norton Soundisheries g needed to provide féixed

upon more and more detailed assumptions that stretelscapements in tfi@ce offluctuating stok abundance.

the afeady thin data\ailable Arguments over the On the other hand, adjustments to catches in the South
validity of minor parameters and assumptissieh  Peninsula June fisheare not nearly so important to

as a eporting fraction within the analysis of ADF&&  the Naton Sound escapements. Even if such adjust-
1987 &gging stuly (ADF&G 1992) have ruled mentswere attemptedthe costs in forfeited hegsts
rather than served the loete. Recenyl focus has cen- from the South Peninsula figifgewould grealy ex-
tered on attempts to provide detailed estimates of reeed additions to Norton Sound escapements.
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