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ABSTRACT 

Two methods of in-season forecasting for the inshore return of Bristol Bay 
sockeye salmon from in-season performance of the South Peninsula June 
fisheries were developed in this study. The first (CPUE forecast) was based 
on the relationship between catch per unit fishing effort of the Unimak 
District combined gill net and purse seine fishery and Bristol Bay inshore 
return. The second (chum catch forecast) was based on projected catch of chum 
salmon in the South Peninsula June fishery (i e .  Unimak District and 
Shumagin Section) at the end of the season, relationship between chum catch 
and intensity of the South Peninsula fishery, and extrapolation of the 
sockeye quota to the Bristol Bay return based on the estimated intensity o f  
the South Peninsula fishery. 

KEY WORDS: Sockeye, chum, CPUE, Bristol Bay, forecast in-season, South 
Peninsul a June fishery . 



INTRODUCTION 

Numerous tagging s tudies  conducted under auspices of INPFC, as described by 
Brannian (1984), have shown tha t  the  vast  majority of sockeye salmon caught 
during June in the  South Peninsula cape or  interception f ishery a re  bound fo r  
r i ve r  systems in Bristol  Bay. The South Peninsula interception f ishery occurs 
during the month of June, in the  v i c in i t y  of the  North Pacif ic  Ocean s ide  of 
Unimak Island (Unimak Di s t r i c t ,  Figure 1) and in the  Shumagin Islands 
(Shumagin Islands Section of the  Southeastern D i s t r i c t ,  Figure 1 ) .  There are 
three  types of gear used in the  f ishery:  purse se ine ,  d r i f t  g i l l  ne t ,  and set  
g i l l  nets .  Purse seines are  fished in both the  Unimak D i s t r i c t  and the  
Shumagin Islands Section, while d r i f t  g i l l  nets  are  fished exclusively in the  
Unimak D i s t r i c t ,  and s e t  g i l l  nets  are  fished in both areas.  

The objective of t h i s  study was t o  develop procedures fo r  forecasting the 
return of Bristol  Bay sockeye salmon, based on the  in-season performance of 
the  South Peninsula June f i she r i e s .  Bristol  Bay sockeye salmon are  
intercepted roughly 2 weeks p r io r  t o  t h e i r  a r r iva l  in the  inshore f ishing 
d i s t r i c t s  of Bristol  Bay. Thus, indicators of Bristol  Bay return strength 
based on the  South Peninsula f ishery performance are  avai lable  well in 
advance of the  time t h a t  regulatory decisions a re  required t o  meet management 
objectives in Bristol  Bay f ishing d i s t r i c t s .  In addit ion,  a  f ishery 
monitoring program has been implemented fo r  the South Peninsula June f i shery ,  
since t h i s  information i s  required f o r  regulation of t h i s  f i shery .  Thus any 
use of t h i s  data t o  aid the  regulatory process in Bristol  Bay i s  extremely 
cost  e f fec t ive .  There i s  great  potential  f o r  fu r ther  investment in the  South 
Peninsul a  f ishery monitoring program t o  improve both the regul atory process 
in the  South Peninsula f ishery as well as the  in-season forecasting of 
Bristol  Bay r u n  s t rength ,  pa r t i cu la r ly  in view of the  cost  of a l t e rna t ives  
such as  the  Port Moller outside t e s t  f i shery.  

METHODS 

Database 

Hi s t o r i  cal data were used t o  develop in-season forecasting methods detai  1  ed 
below. Catches of sockeye and chum salmon in the  South Peninsula June f ishery 
were published annually from 1962 - 1985 (Shaul e t  a l .  1985) as were inshore 
catches and inshore re turns  of Bristol  Bay sockeye salmon (Nelson e t  a1 . 
1985), both of which are  summarized in Table 1 .  Catches of chum and sockeye 
salmon, and f ishing e f f o r t  in boat days f o r  each f ishing period from 1977- 
1985 fo r  Unimak purse seine,  Unimak g i l l  net ,  and Shumagin purse seine 
f i she r i e s  are  given in Tables 2 - 10. Note t ha t  f i shing e f f o r t  (boat days) i s  
the  product of the  length of the  f ishing period (hours) divided by 24 hours 
and the  number of boats f ishing the  respective period. Catch and e f f o r t  from 
both s e t  and d r i f t  g i l l  nets  were included in the  Unimak g i l l  net da ta ,  
however, s e t  nets account f o r  < 1% of the  Unimak catch. Catches from s e t  nets 
in the  Shumagin Section were not included in the  following analyses because 
they were an ins ign i f ican t  component of the  Shumagin Section f ishery.  

Catches were tabulated by gear type, f i shing d i s t r i c t ,  and f ishing period, 
from rece ip t s  f o r  f i s h  delivered t o  processors or  f i s h  t i cke t s .  Fishing 



ef for t  was estimated through a combination of pre-season vessel regi s t r a -  
t ions,  counts of vessel identification numbers on the f i sh  t icke t  tabula- 
t i  ons, and visual counts of the '  vessels participating in the Shumagi n Section 
fishery. There was s l ight  discrepancies between catches in Table 1 and 
Tables 2 - 10, because se t  net catches were not included in the l a t e r  tables.  

Forecast Methods 

Two methods for  forecasting the magnitude of the Bristol Bay sockeye salmon 
return were developed. The f i r s t  method was based on hi s tor ical  re1 a t i  onship 
between the catch per u ~ i t  fishing ef for t  of sockeye salmon and the magnitude 
of the Bristol Bay return. The second method i s  based on historical 
relationship between the catch of chum salmon for  the current year and the 
fishing intensity of the S o u t h  Peninsula June f isheries  on Bristol Bay 
sockeye salmon . 
CPUE Forecast: 

Fishery catch per unit e f fo r t  i s  a widely used indicator of salmon run 
strength (Brannian 1982). Different combinations of South Peninsula fishery 
gear types and fishing d i s t r i c t s  were examined as potential indicators of 
Bristol Bay sockeye salmon return strength based on the his tor ical  South 
Peninsula fishery performance and Bri st01 Bay sockeye salmon return. Five 
different  gear type/di s t r i c t  combinations were examined in t h i s  study: (1) 
Unimak purse seine, (2) Unimak g i l l  net, (3) combined Unimak purse seine/gi!l 
net,  ( 4 )  Shumagin purse seine, and (5) combined Unimak/Shumagin purse seine. 
For the combined Unimak purse seine/gill net f ishery a boat day of purse 
seine e f fo r t  was not s t r i c t l y  comparable t o  a boat day of g i l l  net e f fo r t ,  
since purse seine vessels were much more ef f ic ien t  than g i l l  net vessels. 
Purse seine e f fo r t  in boat days was converted to  g i l l  net equivalent boat 
days by mu1 tiplying the nominal purse seine e f fo r t  by the his tor ical  average 
r a t i o  of sockeye salmon catch per day by purse seine vessels to  sockeye catch 
per day by g i l l  net vessels in the Unimak Dis t r ic t .  

For each of these gear type and fishing d i s t r i c t  combinations, the r a t i o  of 
cumulative catch and cumulative fishing e f fo r t  was examined over the course 
of the season and related t o  the magnitude of the Bristol Bay sockeye salmon 
return for  the respective season. Standard l inear  regression was used t o  
estimate the relationship between Bristol Bay sockeye salmon r u n  strength and 
the r a t i o  of cumulative catch and cumulative fishing ef for t  used to  forecast 
Bristol Bay sockeye salmon run strength. Confidence 1 imits for  the forecast 
were estimated using cross-validation methods (Effron 1982, 1983). 

Chum Salmon Catch Forecast: 

There i s  a very strong relationship between the actual ra te  of exploitation 
exerted by the South Peninsula June fishery on Bri st01 Bay sockeye salmon and 
the catch of chum salmon in that  fishery (Figure 2) .  The years 1968, 1972, 
and 1973 were excluded in estimating t h i s  relationship. The excluded years 
were years of extremely depressed Bristol Bay sockeye returns. For years of 
depressed Bristol Bay runs the South Peninsula fishery would n o t  have 
occurred or would have been substantially reduced under the current 
management plan. Therefore, the catches observed for  those years were n o t  
representative ( i . e . ,  ou t l i e r s ) ,  and excluded in subsequent analysis. 



The r a t e s  of exploi ta t ion (Table 1) were calculated assuming t h a t  a l l  of the 
sockeye caught in the  South Peninsula June f ishery were bound fo r  Bristol Bay 
r i ve r  systems. The r a t e  of exploitat ion realized by the  f i shery  on Bristol 
Bay sockeye salmon, was a measure of the  in tens i ty  of the f i shery .  There was 
large  var ia t ion in the  in tens i ty  of the  South Peninsula f ishery because of 
the  e r ro r  in the  pre-season Bristol Bay forecas t ,  The South Peninsula sockeye 
quota has been s e t  based on a fixed percentage (6.8% and 1.3% fo r  Unimak 
Di s t r i c t  and Shumagin Section, respectively) of the  forecasted Bristol  Bay 
inshore catch ( i e ,  the  pre-season Bristol Bay return l e s s  escapement 
requirements summed over r i ve r  systems). In s i tua t ions  where the  pre-season 
Bristol  Bay forecast  has been greater  than the  actual re turn ,  the  South 
Peninsula June f i shery  quota was t o  be a higher percentage of the  Bristol  Bay 
re turn.  Consequently, the  South Peninsula June f ishery was more intense and 
the  f ishery had t o  f i s h  more f ishing periods in order t o  harvest the  quota. 
In s i t ua t i ons  where the pre-season Bristol  Bay forecast  has been lower than 
the  actual re turn ,  the  South Peninsula June f ishery sockeye quota was a lower 
percentage of the  Bri st01 Bay re turn.  Consequently, the  South Peninsul a June 
f i shery  was l e s s  intense and the  f ishery achieved the quota in fewer f ishing 
periods . 
I f  the  abundance of chum salmon avai lable  t o  t he  South Peninsula f ishery i s  
r e l a t i ve ly  s t ab l e  from year t o  year o r  i f  f luctuat ions  in chum salmon 
abundance a re  corre la ted with those of Bristol Bay sockeye salmon, then the 
catch of chum salmon will  be d i r ec t l y  re la ted t o  how hard the  South Peninsula 
June f i shery  must work t o  harvest the  sockeye quota. Thus when the  South 
Peninsula f ishery i s  more intense the  catch of chum salmon i s  l a rge r ,  and 
when the  f i shery  i s  l e s s  intense the  catch of chum salmon i s  smaller .  This 
hypothesis i s  consis tent  with the  high corre la t ion between the  in tens i ty  of 
the  aggregate South Peninsula f ishery (Figure 2 )  and chum catch.  

To fur ther  check the  consistency t h i s  hypothesis, the  in tens i ty  of the  Unimak 
purse se ine ,  Unimak g i l l  net ,  and Shumagin purse seine was compared t o  the  
catch of chum salmon in those f i she r i e s  (Table 11).  There was a strong 
re la t ionship  between chum catch and f ishing in tens i ty  ( i - e . ,  the  catch of 
sockeye salmon divided by the  s i ze  of the  Bristol Bay inshore r e tu rn ) ,  fo r  
each of these f i she r i e s  (Figure 3 ) .  I t  i s  a lso  apparent t h a t  no di f ferences  
in the  a v a i l a b i l i t y  of chum salmon have occurred between these  f i s h e r i e s ,  
s ince the  catch r a t e  of chum salmon appears t o  be s imilar  in these  f i she r i e s  
(Figure 3 ) .  

A forecast  of Bristol  Bay sockeye return was developed based on the  above 
re la t ionship  between catch of chum salmon and f ishing i n t ens i t y  fo r  the 
aggregate South Peninsula June f ishery.  The South Peninsula f i shery  has been 
very accurately managed fo r  the  pre-season quota where the  actual catch has 
averaged 1.9% higher than the  quota with a standard deviation of 6.5%. Note 
t ha t  the  averages were taken over the  years 1977 - 1987 exclusive of 1979- 
1980 and 1986. Price disputes occurred in  Bristol Bay during 1979 - 1980 and 
a chum quota was in e f f ec t  during 1986. For those years the  South Peninsula 
June f i shery  was not managed f o r  a sockeye quota, with e s sen t i a l l y  
unres t r ic ted f ishing occurring in the  s t r i k e  years and very l imited f ishing 
during 1986. Because of the  consis tent ly  high precision in achievement of 
management goals i t  i s  possible t o  accurately project  the  catch of sockeye 
salmon as well as chum salmon before the  f ishery i s  complete. The forecast  
method computes the  f ishing in tens i ty  of the  South Peninsula June f ishery 



expected f o r  the  current  year,  based on the  projected chum catch,  and then 
expands the  sockeye quota t o  the  Bristol Bay return based on the  computed 
f ishing in tens i ty .  

Standard l i nea r  regression was used t o  estimate the  re la t ionship  between the 
in tens i ty  and the  catch of chum salmon in the  South Peninsula June f ishery on 
which the  forecast  Bristol  Bay sockeye r u n  strength was based. Confidence 
l im i t s  f o r  the  forecast  were estimated using cross-validation methods (Effron 
1982, 1983). 

RESULTS AND DISCUSSION 

C P U E  Forecast 

For each of the  gear types and f ishing d i s t r i c t  combinations, the  r a t i o  of 
cumulative catch and cumulative e f f o r t  was examined over the  course of the  
season f o r  years 1977 - 1985, (Tables 12 - 20). In the  Unimak purse seine,  
Unimak g i l l  ne t ,  Shumagin purse seine,  and Unimak/Shumagin combined purse 
se ine  groups, a uni t  of f ishing e f f o r t  (boat-day) was defined as a s ingle  
f ishing vessel of the  respective gear type f ishing fo r  24 hours. Note t ha t  
f o r  1984 and 1985 f ishing periods l e s s  than 24 hours occurred and the  f ishing 
e f f o r t  f o r  these periods was the  number of vessels f i sh ing  times the 
proportion of the  day actual ly  f ished ( e . ,  the  period length in hours 
divided by 24 hours). 

In the  Unimak combined g i l l  net and purse se ine  f i shery ,  purse se ine  and g i l l  
net vessels have d i f f e r en t  f ishing powers (Table 21). The purse seine 
e f f o r t  in  purse se ine  boat-days was converted t o  g i l l  net equivalent boat- 
days by multiplying the  nominal purse seine e f f o r t  by the  average f ishing 
power of purse se ine  vessels re1 a t ive  t o  g i l l  net vessels .  The re1 a t ive  
f ishing power of purse seine vessels was taken t o  be the  r a t i o  of average 
CPUE of sockeye salmon fo r  purse seine and the  average CPUE of sockeye salmon 
fo r  g i l l  net vessels (Table 21). The r e l a t i v e  f ishing power was estimated t o  
be 3.28 and was an average of t ha t  observed fo r  1977 - 1978 and 1981 - 1985. 
The years 1979 - 1980 were excluded because of unusually large  Bristol  Bay 
runs in those years.  In those years the  r e l a t i ve  f ishing power of purse seine 
vessels was very high. Presumably the  r e l a t i ve ly  low CPUE's observed fo r  g i l l  
net  vessels during 1979 - 1980 was due e i t h e r  t o  sa turat ion of g i l l  nets  or  
t o  1 imited hold capacity of the  smaller g i l l  net vessels.  Hence, CPUE of 
g i l l  net vessels were not r e f l ec t i ve  of high salmon abundances. 

The r a t i o  of cumulative catch t o  cumulative e f f o r t  a t  the  midpoint of the 
f ishery was chosen as the  best estimator of f ishery performance. An 
a l t e rna t e  estimator i s  the  CPUE ( i  .e . ,  sockeye catch / boat-days) b u t  t h i s  
est imator was highly variable between f ishing periods. Presumably t h i s  was 
due t o  weather re la ted va r i ab i l i t y  in sockeye catchabil i t y  and t o  migratory 
timing re la ted  va r i ab i l i t y  in f i sh  ava i l ab i l i t y .  The estimate of average CPUE 
given by the  r a t i o  of cumulative catch t o  cumulative f ishing e f f o r t  evolves 
as  the  f i shery  progresses towards the  pre-season quota. This estimator was 
l e s s  var iable  than C P U E  s ince i t  in tegrates  over the period-to-period 
va r i ab i l i t y .  During most years t h i s  estimator was low ear ly  in the  season b u t  
increased t o  a plateau t ha t  was re1 a t ive ly  stab1 e over the remainder of the  



season (Figure 4). By the midpoint of the fishery the ratio of cumulative 
catch to cumulative effort was quite stable. 

The estimates of fishery performance for each of the gear type and fishing 
district combinations are given in Table 22. The correlation (Pearson product 
moment coeff i ci ent) between in-season f i shery performance and the eventual 
post-season Bristol Bay sockeye salmon return was the highest ( P  = 0.911) for 
the Unimak purse seine fishery. Unfortunately due to remoteness of processors 
and the large geographic area of the fishery, fish tickets cannot be 
collected in time for in-season allocation of catches in the Unimak district 
to purse seine and gill net fishing vessels. In order to assess the 
performance of the aggregate Unimak fishery the purse seine/gill net fishing 
effort was combined as described above. The correl ati on between the 
performance of the combined Unimak purse seine/gill net fishery and the 
Bristol Bay return was the second highest ( P  = 0.89) of those observed for 
the vari ous f i shery performance indicators observed (Tab1 e 22). 

A simple linear regression model ( ~ 2  = 0.787, a =  7.7 million sockeye 
salmon) was developed to forecast Bristol Bay return (R) based on ratio of 
cumul ative sockeye salmon catch and cumul ative effort (E) observed in-season 
at the approximate midpoint of the aggregate Unimak fishery (Figure 3). 

To generate the forecast of Bristol Bay sockeye return in-season, Table 11 
should be constructed based on catch of sockeye salmon and boat days of 
fishing effort as they become available. At the point where half the Unimak 
quota is reached, the Bristol Bay return is estimated based on the ratio of 
cumul ative catch to cumul ative effort and the above regression model . 
Evaluation of CPUE Forecast. Standard parametric linear regression techniques 
can be used to estimate confidence limits for predictions in future years. 
However, using this method to predict Bristol Bay returns in past years will 
be biased and tend to give optimistic estimates of performance. This is 
because the data used to generate the prediction is used to estimate the 
parameters of the regression line (Effron 1982, 1983). One method that avoids 
this difficulty is to hindcast the Bristol Bay return for each year based on 
the regression model fitted to the data exclusive of the year being 
hindcasted. This so-called cross-validation method or leaving one out 
jackknife (Stone 1974, Geisser 1975, Effron 1982) was used to evaluate the 
performance of the CPUE forecast (Table 23). The root mean square ( i  .e., the 
mean of square root of the residuals squared) for the cross-va1 idated model 
(8.52 mill ion) was significantly greater than the residual mean square for 
the hindcasted regression model (7.71). The latter is the unbiased estimate 
of error associated with the model based on parametric 1 inear regression. The 
greater error associated with the cross-validated model suggests that the 
confidence intervals based standard linear regression are conservative. 

Unfortunately nonparametric resampl ing methods for estimation of confidence 
intervals in regression analysis have not been as robust as initially 
anticipated (see review by Wu 1986 and associated discussion). The jackknife 
and cross-val idation techniques do yield robust estimates of vari ance under 



most circumstances, bu t  do n o t  o f f e r  a  nonparametric means t o  generate the  
sampling d i s t r i b u t i o n  on which conf idence l i m i t s  are based, f o r  est imated 
parameters and p r e d i c t i o n s .  Bootstrap methods o f f e r  a  nonparametric means t o  
est imate conf idence l i m i t s  bu t  i n  s i t u a t i o n s  where nonparametric methods are 
needed ( i  .e., where variance i s heteroscedast ic  and sampl i n g  i s  unbal anced 
over the  range o f  independent va r i ab les ) ,  boots t rap  methods performed poo r l y  
(Wu 1986). 

We have used parametr ic  methods t o  est imate conf idence l i m i t s  (F igure  5 ) ,  bu t  
have i n f l a t e d  the  w id th  o f  the  conf idence i n t e r v a l  by 11% t o  ad jus t  f o r  the  
b ias  i d e n t i f i e d  i n  t he  ana lys is  o f  t h e  c ross -va l i da ted  model. 

A p p l i c a t i o n  t o  1986 and 1987 F isher ies .  The method was app l i ed  t o  the  1986 
(Table 24) and the  1987 (Table 25) f i s h e r i e s .  In-season est imates o f  catch 
and f i s h i n g  e f f o r t  were tabu la ted  and est imates o f  B r i s t o l  Bay r e t u r n  made 
f o l l o w i n g  each f i s h i n g  per iod.  The r a t i o  o f  cumulat ive catch t o  cumulat ive 
e f f o r t  peaked on t h e  June 18 pe r iod  i n  1986 generat ing an est imated B r i s t o l  
Bay r e t u r n  o f  23.3 m i l l i o n  compared t o  the  actual  r e t u r n  o f  23.9 m i l l i o n  
f i s h .  I n  1987 t h e  cumulat ive CPUE peaked on t h e  l a s t  day o f  t h e  Unimak 
f i shery ,  w i t h  a  corresponding est imate o f  t he  B r i s t o l  Bay r e t u r n  o f  19.0 
m i l l i o n ,  compared t o  the  actual  r e t u r n  o f  25.9 m i l l i o n .  Both the  1986 and 
1987 est imates were w i t h i n  the  80% conf idence i n t e r v a l  (F igure  5 ) .  

Chum Salmon Catch Forecast 

The r e l a t i o n s h i p  between f i s h i n g  i n t e n s i t y  and catch o f  chum salmon was used 
t o  develop an in-season fo recas t  o f  t he  B r i s t o l  Bay sockeye r e t u r n .  Given 
t h e  ca tch  o f  chum salmon i n  t h e  South Peninsula f i s h e r y ,  t he  r a t e  o f  
e x p l o i t a t i o n  r e a l i z e d  on B r i s t o l  Bay sockeye salmon can be p r o j e c t e d  based on 
t h e  above r e l a t i o n s h i p .  Since the  f i s h e r y  i s  managed on a  pre-season quota of 
sockeye salmon t h a t  has been accura te ly  achieved i n  t h e  past ,  t h e  approximate 
catch o f  sockeye salmon i s  known p r i o r  t o  t he  season. Thus, the  magnitude o f  
t he  B r i s t o l  Bay sockeye r e t u r n  can be est imated by expanding t h e  pre-season 
sockeye quota by t h e  est imated r a t e  o f  e x p l o i t a t i o n  on B r i s t o l  Bay sockeye 
salmon r e a l i z e d  by t h e  f i s h e r y .  This  f o recas t  can be generated a t  anytime 
du r ing  t h e  season, by expanding t h e  chum catch  t o  date t o  t h e  end o f  season 
catch. Th is  was done by d i v i d i n g  the  catch t o  date by the  p r o p o r t i o n  o f  the  
sockeye quota achieved t o  date. 

The a lgo r i t hm f o r  development o f  t h i s  f o recas t  i s  as fo l lows:  (Note t h a t  the  
fo recas t  as presented was based on the  t o t a l  South Peninsula f i s h e r y ,  poo l i ng  
both the  South Unimak D i s t r i c t  and Shumagin Sect ion catches.) 

1. Expand t h e  chum catch t o  da te  -(C) t o  the  end o f  season chum catch  

Where, p  = p r o p o r t i o n  o f  t he  sockeye quota achieved t o  date (i .e., p  = S / 
Q, where Q = pre-season South Peninsula sockeye quota, S = catch of 
sockeye salmon t o  da te  i n  t h e  South Peninsula f i s h e r y ) .  



2. Compute the  r a t e  of exploi ta t ion real ized by t he  South Peninsula 
f ishery on Bristol  Bay* sockeye salmon (U) based on t he  projected 
catch of chum salmon (C ). 

This re la t ionsh ip  was based on a simple l i nea r  regression of U agains t  C f o r  
years 1962 - 1985, exclusive of 1968, 1972 - 1973, ( R ~  = 0.779, = 
0.0097). 

3. The inshore Bristol  Bay return (R) i s  projected based on the  South 
Peninsula sockeye quota (Q) and the r a t e  of exploi ta t ion estimated 
in  paragraph 2 above. 

Evaluation of Chum Catch Forecast. To evaluate the  chum catch fo recas t  method 
was evaluated by hindcasting the  h i s to r ica l  performance of t h e  model (Table 
26).  In generating t he  hindcasts f o r  each year, the  predicted r ~ t e  of 
exploi ta t ion ( U )  based on the  projected end of season chum catch (C ) was 
made w i t h  a regression model f i t t e d  t o  t h e  h i s to r ica l  data  exclusive of t he  
year being hindcasted. The root mean square f o r  the  hindcasted res idua l s  was 
12.839 mill ion,  compared with t he  8.52 observed f o r  the  CPUE forecast  method. 

Standard parametric l i nea r  regression techniques can be used t o  est imate 
confidence l i m i t s  f o r  U .  The confidence l i m i t s  on t h e  predicted Bristol  Bay 
return can be estimated by expansion of the  sockeye quota by the  respective 
confidence 1 imit on U. However, as  with t he  CPUE forecast  t h i s  wil l  and tend 
t o  give opt imis t ic  est imates of performance. Estimates of e r r o r  in the  model 
made w i t h  standard 1 i near regression and cross-val i da t i  on methods (Tab1 e 27 )  
showed t h a t  standard methods were very conservative with the  root  mean square 
e r r o r  f o r  the  cross-val idated model 28"/, g rea te r  than the  residual mean square 
e r r o r  ( i . e . ,  0). This bias was g rea te r  f o r  the  chum catch model than f o r  the  
CPUE mode1 in s p i t e  of the  g rea te r  number of data  points used t o  est imate the  
chum catch model. The reason f o r  the  l a rger  bias in applying standard methods 
i s  t h a t  t h e  data  a re  not balanced. There were very l a rge  chum catches and 
associated r a t e  of exploi ta t ion observed f o r  both 1982 and 1983 f i s h e r i e s .  
These have a g rea t  influence on t he  regression equation and using a model 
f i t t e d  t o  these  data  t o  hindcast the  corresponding model performance i s  very 
biased. 

In generating confidence in te rva l s  f o r  predictions made with the  chum catch 
model, standard parametric methods should be used t o  construct  t he  confidence 
in terval  on U .  However, the  standard e r r o r  of t he  predicted U should be 
in f la ted  by 28%, t o  correct  f o r  t he  biased e r r o r  resu l t ing  from hindcasting 
with a l l  h i s t o r i ca l  data  impl ic i t  i n  t he  model. Confidence l i m i t s  in Figure 3 
were adjusted f o r  t h i s  bias.  

 ADD^ ica t ion t o  1986 and 1987 Fisheries.  The method was applied t o  t he  1986 
(Table 28) and 1987 (Table 29) f i she r i e s .  The 1986 f i shery  was managed f o r  a 
chum quota of 400 thousand f i sh .  Thus the  application of the  chum catch 



method was d i f f e r e n t  than t h a t  described above. For the  1986 f i s h e r y  the  end 
o f  season chum catch  was taken t o  be 400 thousand and t h e  end of season 
sockeye ca tch  was est imated by expanding the  ca tch  t o  da te  o f  sockeye salmon 
by the  f r a c t i o n  o f  t he  chum quota achieved t o  date. The est imated 1986 
B r i s t o l  Bay r e t u r n  was 13.43 m i l l i o n  compared t o  ac tua l  r e t u r n  o f  23.9 
m i l l i o n .  The 1987 f i s h e r y  was managed f o r  a  sockeye quota and t h e  method was 
app l ied  as descr ibed above. The est imated 1987 B r i s t o l  Bay sockeye r e t u r n  was 
19.68 m i l l i o n  compared t o  t h e  ac tua l  r e t u r n  o f  25.9 m i l l i o n .  

Pool ed Forecast 

A1 t e r n a t i  ve fo recas ts  t h a t  are independent i n  terms o f  da ta  and r a t i o n a l  , may 
be pooled t o  form a s i n g l e  fo recas t .  The bes t  way t o  do t h i s  (i .e., t h a t  
which i s  minimum var iance)  i s  t o  average t h e  two weighted by t h e  inverse  o f  
t h e  var iances o f  t he  respec t i ve  est imates. The hindcasted performance o f  t he  
pooled fo recas t  was evaluated (Table 30). Note t h a t  we used t h e  r o o t  mean 
square o f  t h e  c ross -va l i da ted  res idua ls  as the  est imate o f  var iance by which 
t h e  two fo recas ts  were weighted. The pooled fo recas t  showed a  b e t t e r  
hindcasted performance than e i t h e r  t h e  CPUE o r  t h e  chum catch  fo recas t .  The 
r o o t  mean square o f  t h e  res idua ls  o f  t h e  pooled fo recas t  was 7.8 m i l l  i on ,  
lower than t h a t  observed f o r  t he  i n d i v i d u a l  fo recas ts .  
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Table 1 .  South Peninsula June f ishery  s t a t i s t i c s ,  1962-1985. All catches i n  
thousands of f i s h .  

Catches i n  South Peninsula June Fishery B r i s t o l  Bay I n t e n s i t y  of South 
Sockeye Fishery Peninsula June Fishery 1/ 

S. Unimak Shumagin' Pooled Fishery 

Inshore Inshore South 

Year Sockeye Chuns Sockeye Chuns Sockeye Chuns Return Catch Unimak Shumagin Pooled 

1/ Catch of sockeye as  a percent of inshore Bris to l  Bay re turn .  



Table 2. D a i l y  catches o f  sockeye and chum salmon, and f i s h i n g  e f f o r t  ( #  boats /day)  1977 South Peninsula June f i s h e r y .  

South Unimak I s l a n d  Shunagin Is lands South Unimak and Shunagin Is lands 

Purse Scincs G i l l  Nets Purse Seines Gears Pooled 

Date  Sockeye Chums Sockeye Chums Sockeye Chuns Sockeye Chwns 

Month Day 
Boats Catch CPUE Catch CPUE Boats Catch CPUE Catch CPUE Boats Catch CPUE catch CPUE Boats Catch CPUE catch CPUE 

June 1 
2 
3 
4 
5 
6 
7 2 0 0 158 79 2 0 0 158 79 
8 5 257 51 439 88 1 119 119 160 160 6 376 63 599 100 
9 1 38 38 208 208 21 385 18 735 35 12 3150 263 5489 457 34 3573 105 6432 189 

10 1 128 128 251 251 40 2176 54 3926 98 12 3346 279 3340 278 53 5650 107 7517 142 
I 11 
r 
r 12 
1 

13 41 2670 65 2034 50 12 11861 988 8369 697 53 14531 274 10403 196 

------ 
Tota ls  61 29698 9552 610 164165 54054 48 43579 2 1678 719 237442 11 5584 



Table 3. D a i l y  catches o f  sockeye and chum salmon, and f i s h i n g  e f f o r t  ( #  boats/day) 1978 South Peninsula June f i s h e r y .  
-- - - - - -- -- -- 

South Unimak I s l a n d  Shunagin I s l ands  South Unimak and Shunagin I s l ands  

Purse Seines G i l l  Nets Purse Seines Gears Pooled 

Date Sockeye Churns Sockeye Chums Sockeye Chums Sockeye Chums 

Month Day 

Boats Catch CPUE Catch CPUE Boats Catch CPUE Catch CPUE Boats Catch CPUE Catch CPUE Boats Catch CPUE Catch CPUE 

June 1 

2 
3 

4 
5 

6 

7 
8 

9 
10 

I 11 

Tota ls  74 77221 10203 1089 339195 93215 173 65806 17793 1336 482222 121211 



Table 4. D a i l y  catches o f  sockeye and chum salmon, and f i s h i n g  e f f o r t  ( #  boats/day) 1979 South Peninsula June f i she ry ,  

-- 
South Unimak ls land Shunegin Islands South Unimak and Shunagin l a l H d r  

- 
Purse Seines G i l l  Nets Purse Seines Gears Pooled 

--- 
Date Sockeye Chuns Sockeye Chuns Sockeye Chuns Sockeye Chunr, 

Month Day -- 
Boats Catch CWE Catch CPUE Boats Catch CWE Catch CPUE Boats Catch CPUE Catch CWE Boats catch CWE Catch CWE 

June 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 
..A 

11 
W 
I 

12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Totals 



Table 5. Daily catches of sockeye and chum salmon, and f ishing e f f o r t  ( #  boats/day) 1980 South Peninsula June fishery.  

South Unimak Is land Shunagin Islands South Unimak and Shunagin Islands 

Purse Seines G i  11 Nets Purse Seines Gears Pooled 

Date Sockeye Chuns Sockeye Chuns Sockeye Chuns Sockeye Chum 

Month Day 

Boats Catch CPUE Catch CPUE Boats Catch CPUE Catch CPUE Boats Catch CPUE Catch CPUE Boats Catch CPUE Catch CPUE 

June 1 

2 
3 

4 

5 
6 

7 
8 

9 
10 

Totals 



Table 6. D a i l y  catches o f  sockeye and chum salmon, and f i s h i n g  e f f o r t  ( #  boa t s l day )  1981 South Peninsula June f i s h e r y .  

-- - --- -- 

South Unimak I s l a n d  Shumagin Is lands South Unin~ak and Shumagin Is lands 

-- -.- -. - -. 
Purse Seines Gill Nets Purse Seines Gears Pooled 

--- 
Date Sockeye Chums Sockeye Chums Sockeye Chums Sockeye Chuns 

Month Day ----- --- 
Boats Catch CPUE Catch CPUE Boats Catch CpUE Catch CPUE Boats Catch CPUE Catch CPIJE Boats Catch CPUE Catch CPUE 

June 1 
2 
3 
4 
5 
6 
7 
8 

9 
10 

I 11 
4 

VI 
12 

I 13 

14 
15 
16 

17 
18 
19 
20 

21 
22 
23 
24 

25 

26 
2 7 
28 

29 
30 

Totals 550 745600 323700 1264 696700 179700 230 305900 51800 2044 1748200 555200 
-. - .. - - 



Table 7. Daily catches of sockeye and chum salmon, and f i sh ing  e f f o r t  ( #  boatslday) 1982 South Peninsula June f ishery.  

--- - . . . -- --- 

South Unimak I s l a n d  Shumagin Is lands South Unimak and Shunagin Is lands 

Purse Seines G i l l  Nets Purse Seines Gears Pooled 

Date Sockeye Chums Sockeye Chums Sockeye C h m  Sockeye Chums 

Month Day 

Boats Catch CPUE Catch CPUE Boats Catch CpUE Catch CPUE Boats Catch CPUE Catch CPUE Boats catch CPUE catch CPUE 

June 1 

2 

3 

4 

5 
6 

7 
8 
9 

10 
11 

I 
--1 12 
cn 
I 13 

14 

15 
16 

17 
18 

19 
20 

21 
22 

23 

24 
25 
26 
27 
28 

29 
30 

Tota ls  



Table 8. D a i l y  catches of sockeye and chum salmon, and f i s h i n g  e f f o r t  ( #  boats/day) 1983 South Peninsula June f ishery.  

South Unimak lsland Shunegin Islands South Unimsk and Shmagln Islands 

Purse Seines G i l l  Nets Purse Seines Gears Pooled 

- 
Date Sockeye Chuns Sockeye Chuw Sockeye C h w  Sockeye C h m  

Month Day 

Boats Catch CPUE Catch CWE Boats Catch CPUE Catch CPUE Boats Catch CPUE Catch CPUE Boats Catch CPUE Catch CWE 

June 1 9 400 44 800 89 
2 1 100 100 700 700 27 3700 137 4900 181 11 1900 173 4600 418 39 5700 146 10200 262 
3 2 400 200 300 150 35 6700 191 7000 200 14 1600 114 6800 486 51 8700 171 14100 276 
4 4 1600 400 700 175 45 7900 176 12000 267 27 7700 285 6400 237 76 17200 226 19100 251 
5 4 2700 675 600 150 64 36800 575 16700 261 28 11800 421 13900 496 96 51300 534 31200 325 

6 10 27600 2760 11900 1190 86 53000 616 19300 224 35 6700 191 5300 151 131 87300 666 36500 279 
7 
8 
9 

10 
11 

I 12 41 103400 2522 52900 1290 130 96940 746 35500 273 30 89300 2977 34100 1137 201 289640 1441 122500 609 
w 
I 13 57 195600 3432 80700 1416 133 93300 702 29400 221 32 85900 2684 40200 1256 222 374800 1688 150300 677 

14 59 157900 2676 61300 1039 150 140600 937 36400 243 33 75700 2294 23200 703 242 374200 1546 120900 500 
15 
16 
17 
18 

19 76 331500 4362 144100 1896 139 83700 602 25200 181 22 125000 5682 34200 1555 237 540200 2279 203500 859 
20 
21 88 113400 1289 51300 583 111 74500 671 21700 1% 199 187900 944 7'3000 367 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Totals 342 934200 404500 929 597540 208900 232 405600 168700 1494 1936940 781300 



Table 9. D a i l y  catches of sockeye and chum salmon, and f i s h i n g  e f f o r t  ( X  boats/day) 1984 South Peninsula June f i s h e r y .  

South Unimak Island Shunagin Islands South Unimak and Shunegin Islands 

Purse Seines G i l l  Nets Purse Seines Gears Pooled 

Date Sockeye Chuns Sockeye C h m  Sockeye Chuns Sockeye Chuns 
Month Day Boat Boat Boat Boat ' 

Days Catch CWE Catch CPUE Days Catch CPUE Catch CPUE Days Catch CWE Catch CPUE Days Catch CWE Catch CWE 

June 1 
2 
3 11 5400 491 3500 318 85 19800 233 10800 127 38 6500 171 2300 61 134 31700 237 16600 124 
4 33 25400 770 22100 670 87 23300 268 10200 117 51 16200 318 11800 231 171 64900 380 44100 258 
5 
6 
7 
8 
9 

10 

I 11 
-4 

S" 12 47 302800 6443 54800 1166 138 162300 1176 36000 261 27 71900 2663 26500 981 212 537000 2533 117300 553 
13 8 79900 10653 13800 1840 22 42400 1963 9600 444 9 33800 3634 I2800 1376 38 156100 4065 36200 943 
14 
15 
16 
17 
18 
19 77 304900 3960 42900 557 130 156600 1205 25400 195 27 74900 2774 16500 611 234 536400 2292 84800 362 
20 
2 1 
22 
23 
24 
25 
26 62 41400 668 38500 621 62 41400 668 38500 621 
27 
28 
29 
30 

Totals 176 718400 137100 462 404400 92000 214 244700 108400 851 1367500 337500 



Table 10. D a i l y  catches o f  sockeye and chum salmon, and f i s h i n g  e f f o r t  ( #  boats/day) 1985 South Peninsula June f i she ry .  

South Unimak Is land Shunegin Islands Soi~th Unimk and Shutnagin lslandr 

-- -.-.....---- -.-" " " *  -- . --- -- ------ 
Purse Seines G i l l  Nets Purse Seines Gears Ponlad 

-- --- - "- -- -- 
Date Sockeye Chuns Sockeye Chuns Sockeye Chuns sockeye Chuns 

Month Day Boat Boat Boat - - .-- b a t  - -  - -* - - - 
Days Catch CPUE Catch CPUE Days Catch CPUE Catch CPUE Days Catch CPUE Catch CWE Days Catch CPUE Catch CPUE 

June 1 
2 
3 6 344 57 1140 190 22 2031 92 
4 
5 15 2082 142 3928 267 69 9684 141 
6 
7 21 22693 1096 18028 871 73 16528 225 
8 

9 32 41488 1297 20562 643 73 37906 523 
10 
11 

I 
1-1 12 46 83157 1808 22177 482 97 117239 1205 

13 I 

14 42 247404 5891 26815 638 96 141623 1475 
15 
16 
17 
18 
19 47 90607 1916 15229 322 97 90988 941 
20 

2 1 47 169115 3575 9660 204 85 88967 1050 
22 
23 63 253518 4043 28145 449 83 79592 962 
24 
25 
26 
27 
28 
29 
30 

Totals 319 910408 145684 694 584558 199016 265 348240 128258 1278 1843206 472958 



11. Catches (thousands) of sockeye salmon, intensi ty  of the sockeye 
fishery ( %  of Bristol Bay inshore return) ,  and catches (thousands) 
of chum salmon for  South Peninsula June f isheries .  

Unimak Purse Seine Unimak G i l l  Net Shunegin Purse Seine 

Catch of Sockeye Catch of Sockeye Catch of Sockeye Bristol 
Catch of Catch of Catch of Bay 

X of 8B Chun X of BB Chm X of BB Chun Return 
Year ( N 0 . l ~ )  Return (No.'s) (No.Is) Return   NO.^^) (NO.~S) Return (No.'s) (millions) 



Table 12. 1977 South Peninsula June sockeye salmon f i she ry ,  e f f o r t ,  catch,  CPUE, cumula t i ve  catch,  cumula t i ve  
e f f o r t ,  and r a t i o  of cumula t i ve  c a t c h  t o  cumula t i ve  e f f o r t  f o r  va r i ous  aggregat ions o f  f i s h e r i e s .  

Combined Unimak G i l l  Net and 
Purse Seines (* 1 PS = 3.28 GN) Unimak Purse Seines Unimak G i L l  Nets 

- 
Cunulative Cunrlative Cunulative Cunulative 

Date (*I - Catch as 
Ht. Day (1) (2) (1)/(2) (1) (2) (1)/(2) G i l l N e t  (1) (2) (1)/(2) percent of S. 

Boats Catch CPUE Effort  Catch CPUE Boats Catch CPUE Ef for t  Catch CWE Boat Days Catch CPUE Effort  Catch CWE Unimak Quota 

June 1 
2 
3 
4 
5 
6 
7 2 
8 5 

I 
9 1 38 38 1 38 38 2 1 

R) 
-I 

10 1 128 128 2 166 83 40 
I 11 

12 
13 4 1 
14 
15 2 114 57 4 280 70 33 
16 5 1841 368 9 2121 236 84 
17 11 2283 208 20 4404 . 220 93 
18 14 4289 306 34 8693 256 87 
19 
20 4 6153 1538 38 14846 391 98 
21 
22 

23 
24 13 1854 143 51 16700 327 62 
25 10 12998 1300 61 29698 487 44 
26 
27 
28 
29 
30 



Table 12. 1977 South Peninsula June sockeye salmon f i s h e r y ,  e f f o r t ,  catch,  CPUE, cumula t i ve  catch, cumulat ive e f f o r t ,  
and r a t i o  of cumula t i ve  ca t ch  t o  cumula t i ve  e f f o r t  f o r  va r i ous  aggregat ions o f  f i s h e r i e s  (con t inued) .  

Shwgins Purse Seine 
UnirnaWShu~agins 

Canbined Purse Seinee 

Cuarlative Cunulat ive 
Date 

nt. D ~ Y  (1) (2) (1)/(2) (1) (2) (1)/(2) 

Boats Catch CWE Effort Catch CWE floats Catch CWE Effort Catch CPUE 



Tab le  13. 1978 South Peninsula  June sockeye salmon f i s h e r y ,  e f f o r t ,  ca tch ,  CPUE, cumulat ive  ca tch ,  cumulat ive  
e f f o r t ,  and r a t i o  o f  cumulat ive  ca tch  t o  cumulat ive  e f f o r t  f o r  var ious  aggregat ions o f  f i s h e r i e s .  

Unimak Purse Seines Unimak G i l l  Nets 

Combined Ur~imak G i l l  Net and 

Purse Seines (* 1 PS = 3.28 GN) 

---- 

Cunulative Cunulative Cunulative C w l a t i v e  

Date - - (*) -- - -- Catch as 

Mt. Day (1) (2) (1)/(2) (1) (2) (1)/(2) G i l l  Net (1)  (2) (1) / (2)  percent of 

Boats Catch CPUE Effort  Catch CPUE Boats Catch CPUE Ef for t  Catch CPUE Boat Days Catch CPUE Ef for t  Catch CPUE Unimak Quota 

June 1 
2 
3 

4 
5 
6 

7 
8 

140 6 
31 8 
89 12 
11 18 
66 24 
44 30 

ERR 30 
n 102 
80 168 

172 262 

213 360 
160 397 

161 424 
431 509 
383 629 

383 729 

404 824 

252 895 

468 1011 

331 1098 
409 1213 

419 1332 



Table 13. 1978 South Peninsula June sockeye salmon f ishery,  e f f o r t ,  catch, CPUE, cumulat ive catch, cumulative e f f o r t ,  
and r a t i o  o f  cumulat ive catch t o  cumulat ive e f f o r t  f o r  var ious  aggregations of f i s h e r i e s  (cont inued) . 

Shunagins Purse Seine Conbined Purse Seines 

Cunulative C w l a t i v e  
Date 

Ut. Day 

Boats Catch CPUE Ef for t  Catch CWE Boats Catch CPUE Effort  Catch CPW 



Tab le  14.  1979 South Peninsula  June sockeye salmon f i s h e r y ,  e f f o r t ,  ca tch ,  CPUE, cumulat ive  catch,  cumulat ive  
e f f o r t ,  and r a t i o  of cumulat ive  ca tch  t o  cumulat ive  e f f o r t  f o r  var ious  aggregat ions o f  f i s h e r i e s  
( c o n t i  nued) . 

--. -- - -. -- - --- 

Combined Unimak G i l l  Net and 
Unimak Purse Seines Unimak G i l l  Nets Purse Seines (* 1 PS = 3.28 GN) 

P . 

Cumulative Cumulative Cunulative Cunulative 
Date (*I  --- Catch as 

Mt. Day (1 )  (2 )  (1 ) / (2 )  (1 )  (2 )  (1) / (2)  G i l l  Net (1 )  (2)  (1) / (2)  percent of S. 

Boats Catch CPUE E f fo r t  Catch CPUE Boats Catch CPUE E f fo r t  Catch CPUE Boat Days Catch CPUE E f f o r t  Catch CPUE Unimak Quota 

June 1  
2  
3 
4 
5 
6 
7 
8 
9 

I 10 



Table 14. 1979 South Peninsula June sockeye salmon f ishery,  e f f o r t ,  catch, CPUE, cumulat ive catch, cumulat ive e f f o r t ,  
and r a t i o  o f  cumulat ive catch t o  cumulat ive e f f o r t  f o r  var ious  aggregations o f  f i s h e r i e s  (cont inued). 

Shunagins Purse Seine Combined Purse Seines 

Cunulative Cunulative 
Date 

M t .  Day (1) (2) (1)/(2) (1) (2) (1)/(2) 
Boats Catch CPUE Effort  Catch CPUE Boats Catch CWE Effort Catch CWE 

June 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

. 30 



Table 15.  1980 South Peninsula June sockeye salmon f i s h e r y ,  e f f o r t ,  catch,  CPUE, cumula t i ve  catch,  cumulat ive e f f o r t ,  
and r a t i o  o f  cumula t i ve  ca t ch  t o  cumula t i ve  e f f o r t  f o r  v a r i o u s  aggregat ions o f  f i s h e r i e s .  

----. - -- -- .. , --.--- 
Combined Unimak G i l l  Net and 

Unirnak Purse Seines Unimak G i l l  Nets Purse Seines (* 1 PS = 3.28 GN) 

- -. 
Cumulative Cumulative Cumulative Cumulative 

Date 

Mt. Day 
( * I  

(1) (2) (1)/(2) G i l l  Net 
--- .- Catch as 

(1) (2)  (1) / (2)  percent o f  S. 

Boats Catch CPUE E f f o r t  Catch CPUE Boats Catch CPUE E f f o r t  Catch CPUE Boat Days Catch CPUE E f f o r t  Catch CPUE Unimak Quota 

June 1 

2 
3 
4 
5 
6 
7 
8 
9 

I 
IV 

10 
u 
I 

11 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 



Table 15. 1980 South Peninsula June sockeye salmon fishery, e f fo r t ,  catch, CPUE, cumulative catch, cumulative e f fo r t ,  
and r a t io  of cumulative catch to  cumulative e f f o r t  for  various aggregations of f i sher ies  (continued). 

Unimak/Shunagins 

Shumagins Purse Seine Combined Purse Seines 

Cumulative Cumulative 
Date 

Mt. Day ( 1 )  ( 2 )  ( 1 ) / ( 2 )  ( 1 )  ( 2 )  ( 1 ) / ( 2 )  
Boats Catch CPUE Ef for t  Catch CPUE Boats Catch CPUE Ef for t  Catch CPUE 

June 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

, 12 
13 
14 
15 20 57900 2895 20 57900 2895 34 89400 2629 37 101700 2749 
16 20 54000 2700 40 111900 2798 45 228700 5082 82 330400 4029 
17 23 29800 1296 63 141700 2249 50 236500 4730 132 566900 4295 
18 15 33500 2233 78 175200 2246 55 257100 4675 187 824000 4406 
19 16 9100 569 94 184300 1961 39 167700 4300 226 991700 4388 
20 11 20000 1818 105 204300 1946 36 177400 4928 262 1169100 4462 
21 13 32100 2469 118236400 2003 52 328900 6325 314 1498000 4771 
22 5 16900 3380 123 253300 2059 39 209000 5359 3531707000 4836 
23 8 13000 1625 131 266300 2033 32 98900 3091 385 1805900 4691 
24 12 5400 450 143 271700 1900 50 218400 4368 435 2024300 4654 
25 15 11400 760 158 283100 1792 51 120200 2357 486 2144500 4413 
26 17 71400 4200 175 354500 2026 36 162800 4522 522 2307300 4420 
27 20 45200 2260 195 399700 2050 41 107800 2629 563 2415100 4290 
28 23 43400 1887 218 443100 2033 48 95800 1996 611 2510900 4109 
29 22 9500 432 240 452600 1886 36 27300 758 647 2538200 3923 
30 23 5400 235 263 458000 1741 27 5900 219 674 2544100 3775 



Table 16. 1981 South Peninsula June sockeye salmon f i s h e r y ,  e f f o r t ,  catch,  CPUE, cumula t i ve  catch, cumula t i ve  e f f o r t ,  
and r a t i o  of cumula t i ve  ca t ch  t o  cumula t i ve  e f f o r t  f o r  va r i ous  aggregat ions of  f i s h e r i e s .  

Combined llnimnk G i l l  Net and 

Purse Seines ( *  1 PS = 3.28 GN) Unimak Purse Seines Unirnak G i l l  Nets 

-- -.---- -- 
Cumulative Cumulative Cumulative Cu~nul a t  i ve 

, (*) --- Catch as 
(1) (2) (1)/(2) G i l l  Net (1)  2 (1) / (2)  percent  o f  S. 

Date 

Mt. Day 

Boats Catch CPUE E f f o r t  Catch CPUE Boats Catch CPUE E f f o r t  Catch CPUE Boat Days Catch CPUE E f f o r t  Catch CPUE Unirnak Quota 

June 1 
2 

3 

4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 

23 

24 
25 
26 
2 7 
28 
29 
30 

-- 

-Cont i  nued- 



Table 16. 1981 South Peninsula June sockeye salmon f i s h e r y ,  e f f o r t ,  catch, CPUE, cumulative catch,  cumulative e f f o r t ,  
and r a t i o  o f  cumulative catch t o  cumulative e f f o r t  for  various aggregations o f  f i s h e r i e s  (continued).  

Unimak/Shunagins 

Shumagins Purse Seine Combined Purse Seines 

C w l a t i v e  Cumulative 

Date 

Mt. Day (1) (2) (1)/(2) (1) (2) (1)/(2) 
Boats Catch CPUE Effort  Catch CPUE Boats Catch CPUE Ef for t  Catch CPUE 

June 1 
2 
3 
4 
5 
6 
7 
8 2 
9 

10 1 
11 24 
12 24 
13 25 
14 23 
15 19 
16 28 
17 
18 
19 21 
20 21 
21 18 
22 24 
23 
24 
25 
26 
27 
28 
29 
30 



Table 17. 1982 South Pen insu la  June sockeye salmon f i she ry ,  e f f o r t ,  catch,  CPUE, cumu la t i ve  catch,  cumu la t i ve  e f f o r t ,  
and r a t i o  o f  cumu la t i ve  ca t ch  t o  cumu la t i ve  e f f o r t  f o r  v a r i o u s  aggrega t ions  o f  f i s h e r i e s .  

Date 

Mt.  Day 

Unimak Purse Seines Unimak G i l l  Nets 

Combined Uni~nak G i  l 1 Het and 

Purse Seines (*  1 PS = 3.28 GN) 

. - -- 
Cumulative Cumulative Cumulative Cumulative 

-- 
(I) (2) (1)/(2) 

(*I 
(1) (2) (1)/(2) G i l l  Net 

Catch as 
(1) (2) (1)/(2) percent of  S. 

Boats Catch CPUE E f f o r t  Catch CPUE Boats Catch CPUE E f f o r t  Catch CPUE Boat Days catch CPUE E f f o r t  Catch CPUE ~ n i m a k  Quota 

June 1 
2 
3 
4 
5 
6 
7 
8 
9 

I 

W, 
10 

I 1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

-Cont i  nued- 



Table 17. 1982 South Peninsula June sockeye salmon f ishery ,  e f fo r t ,  catch, CPUE, cumulat ive catch, cumulative e f f o r t ,  
and r a t i o  o f  cumulat ive catch t o  cumulat ive e f f o r t  f o r  var ious aggregations o f  f i s h e r i e s  (cont inued). 

Shunagins Purse Seine C h i n e d  Purse Seines 

Cunulat ive Cunulative 

Date 

M t .  Day 
Boats Catch CPUE Effort  Catch CPUE Boats Catch CPUE Effort Catch CPUE 

June 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 2 900 
12 
13 
14 1 1600 
15 23 14900 
16 19 23800 
17 26 39600 
18 26 21600 
19 2441300 
20 1621900 
21 2363100 
22 23 96600 
23 23 64800 
24 
25 
26 22 46500 
27 
28 
29 
30 



Table 18. 1983 South Pen insu la  June sockeye salmon f i she ry ,  e f f o r t ,  catch, CPUE, cumula t i ve  catch,  cumulat ive e f f o r t ,  
and r a t i o  o f  cumula t i ve  ca t ch  t o  cumula t i ve  e f f o r t  f o r  v a r i o u s  aggregat ions o f  f i s h e r i e s .  

---- -... -- 
Combined Unimk G i l l  Net and 

Unimak Purse Seines Unimak G i  11 Nets Purse Seines (* 1 PS = 3.28 GN) 

.-...----- 
Cunulative Cunulative Cumulative Cunulative 

Date (*I  catch as 
Mt. Day (1) (2) (1)/(2) (1) (2) (1)/(2) G i l t  Net (1) (2) (1)/(2) percent of S. 

Boats Catch CPUE Ef for t  Catch CPUE Boats Catch CPUE Effort Catch CPUE Boat Days Catch CPUE Ef for t  Catch CPUE Unimek Quota 

June 1 
2 1 100 
3 2 400 
4 4 1600 
5 4 2700 
6 10 27600 
7 
8 
9 

10 



Table 18. 1983 South Peninsula June sockeye salmon fishery, effort ,  catch, CPUE, cumulative catch, cumulative effort ,  
and ratio of cumulative catch to cumulative effort for various aggregations of fisheries (continued). 

Shunagins Purse Seine 
Unimk/Shunagins 

Combined Purse Seines 

Cunulative Cunulative 
Date 

Ht. Day (1) (2) (1)/(2) (1) (2) (1)/(2) 
Boats Catch CPUE Effort  Catch CPUE Boats Catch CWE Effort Catch CWE 

June 1 
2 11 1900 173 11 1900 173 12 2000 167 12 2000 167 
3 14 1600 114 25 3500 140 16 2000 125 28 4000 143 
4 27 7700 285 52 11200 215 31 9300 300 59 13300 225 
5 28 11800 421 80 23000 288 32 14500 453 91 27800 305 
6 35 6700 191 115 29700 258 45 34300 762 136 62100 457 
7 
8 
9 

10 
11 
12 30 89300 2977 145 119000 821 71 192700 2714 207 254800 1231 
13 32 85900 2684 177 204900 1158 89 281500 3163 296 536300 1812 
14 33 75700 2294 210 280600 1336 92 233600 2539 388 769900 1984 
15 
16 
17 
18 
19 22 125000 5682 232 405600 1748 98 456500 4658 486 1226400 2523 
20 
21 88 113400 1289 574 1339800 2334 
22 
23 
24 
25 
26 
27 
28 
29 
30 



Table 19, 1984 South Peninsula June sockeye salmon f i s h e r y ,  e f f o r t ,  catch,  CPUE, cumula t i ve  catch,  cumula t i ve  e f f o r t ,  
and r a t i o  o f  cumula t i ve  ca t ch  t o  cumula t i ve  e f f o r t  f o r  va r i ous  aggregat ions o f  f i s h e r i e s .  

-- - 

Unimak Purse Seines Unimak G i l l  Nets 

Combined Unimak G i  ll Net and 

Purse Seines (* 1 PS = 3.28 GN) 

-- - 
Cwnulative Cumulative Cunula t ive  Cumulat fve  

Date (*I - --- Catch as 
M t .  Day ( 1 )  ( 2 )  ( 1 ) / ( 2 )  ( 1 )  ( 2 )  ( 1 ) / ( 2 )  G i l l N e t  ( 1 )  ( 2 )  ( 1 ) / ( 2 )  percent o f  S. 

Boats Catch CPUE E f f o r t  Catch CPUE Boats Catch CPUE E f f o r t  Catch CPUE Boat Days Catch CPUE E f f o r t  Catch CPUE Unimak Quota 

-- .-- 
June 1 

2 

3 11 5400 491 11 5400 491 85 19800 233 85 19800 233 121 25200 208 121 25200 208 2.3% 
4 33 25400 770 44 30800 700 87 23300 268 172 43100 251 195 48700 249 316 73900 234 6.7% 
5 

6 
7 
8 
9 

10 



Table 19. 1984 South Peninsula June sockeye salmon fishery, e f fo r t ,  catch, CPUE, cumulative catch, cumulative e f fo r t ,  
and r a t i o  of cumul at ive catch to  cumulative e f f o r t  for  various aggregations of f i sher ies  (continued). 

Shumagins Purse Seine Combined Purse Seines 

Cumulative Cumulative 
Date 

Mt. Day ( 1 )  ( 2 )  ( 1 ) / ( 2 )  ( 1 )  ( 2 )  ( 1 ) / ( 2 )  

Boats Catch CPUE E f fo r t  Catch CPUE Boats Catch CPUE E f f o r t  Catch CPUE 

June 1 
2 

3 38 6500 171 38 6500 171 49 11900 243 49 11900 243 
4 51 16200 318 8 9 2 2 7 0 0  255 84 41600 495 133 53500 402 
5 
6 
7 
8 
9 

10 
11 

12 27 71900 2663 116 94600 816 74 374700 5064 207 428200 2069 
13 9 33800 3634 125 128400 1025 16.8 113700 6768 224 541900 2421 
14 
15 

16 
17 



Table 20. 1985 South Peninsula June sockeye salmon f ishery,  e f f o r t ,  catch, CPUE, cumulative catch, cumulative e f f o r t ,  
and r a t i o  o f  curnudative catch t o  cumulat ive e f f o r t  f o r  var ious aggregations o f  f i s h e r i e s .  

-- 
Combined Unimak G i l l  Net and 

Unimak Purse Seines Unimak G i l l  Nets Purse Seines (* 1 PS = 3.28 GN) 

Cunulative Cunulative Cunulative Cunulative 
Date (*I  Catch as 

Mt. Day (1) (2) (1)/(2) (1) (2) (1)/(2) G i l l N e t  (1) (2) (1)/(2) percent of S. 
Boats Catch CPUE E f f o r t  Catch CPUE Boats Catch CPUE Ef for t  Catch CPUE Boat Days Catch CPUE E f f o r t  Catch CPUE Unimak Quota 

June 1 
2 
3 6 344 57 6 344 57 22 2031 92 22 2031 92 42 2375 57 42 2375 57 0.m 
4 
5 15 2082 142 20.7 2426 117 68.7 9684 141 90.7 11715 129 117 11766 101 159 14141 89 1 .OX 
6 
7 21 22693 1096 41.4 25119 607 73.3 16528 225 164 28243 172 141 39221 278 300 53362 178 3.9% 
8 
9 32 41488 1297 73.4 66607 907 172.5 37906 220 336.5 66149 197 277 79394 286 577 132756 230 9.6% 



Table 20. 1985 South Peninsula June sockeye salmon f i she ry ,  e f f o r t ,  catch, CPUE, cumulat ive catch, cumulat ive e f f o r t ,  
and r a t i o  o f  cumulat ive catch t o  cumulat ive e f f o r t  f o r  var ious  aggregations o f  f i s h e r i e s  (cont inued). 

Shunagins Purse Seine Combined Purse Seines 

Date 

Mt. Day (1) (2) (1)/(2) (1) (2) (1)/(2) 
Boats Catch CPUE E f f o r t  Catch CPUE Boats Catch CPUE E f f o r t  Catch CPUE 

June 1 
2 
3 23.3 6584 283 23 6584 283 29.3 6928 236 29 6928 236 
4 
5 26 8594 331 49 15178 308 40.7 10676 262 70 17604 251 
6 

7 32 41073 1284 81 56251 692 52.7 63766 1210 123 81370 663 
8 
9 81 56251 692 32 41488 1297 155 122858 794 

10 
11 
12 22 58012 2637 103 114263 1106 68 141169 2076 223 264027 1186 
13 
14 21 74039 3577 124 188302 1519 62.7 321443 5127 285 585470 2051 

15 
16 
17 
18 
19 19 48311 2583 143 236613 1658 66 138918 2105 351 724388 2061 
20 
21 50 58450 1181 192 295063 1535 96.8 227565 2351 448 951953 2124 

22 
23 62.7 253518 4043 511 1205471 2360 
24 
25 
26 43 24061 563 235 319124 1359 42.7 24061 563 554 1229532 2221 
27 
28 30 29116 971 265 348240 1315 30 29116 971 584 1258648 2157 
29 
30 



Table 21. E f fo r t ,  catch o f  sockeye salmon, catch per  u n i t  e f f o r t ,  and r e l a t i v e  f i s h i n g  power o f  purse seine 
and g i l l  n e t  vessels f i s h i n g  i n  Unimak D i s t r i c t ,  1977-1985. 

Purse Seine G i l l  Net 

(1) (2) 
E f f o r t  Catch CPUE E f f o r t  Catch CPUE 

(1) / (2)  
Re1 a t i v e  

Year (boat days) ( #  sockeye) (#/boat day) (boat days) ( #  sockeye) (#/boat day) E f f i c i e n c y  

Average 3.28 

Standard Dev ia t ion  0.978 



Tab1 e 22. Re1 at ionsh ip  between in-season CPUE (no./day) o f  sockeye salmon f o r  South Peninsula f i she r i es  
and B r i  st01 Bay i nshore re tu rn  ( m i  11 ions)  . 

Rat io o f  Cumulative Catch and Cumulative E f f o r t  
on Day t ha t  F i f t y  Percent o f  Unmak 

Quota Achieved Inshore 
Date o f  B r i  st01 

50 % Unimak Unimak/Shum. Bay I 

Unimak Unimak Unimak Combined Shumagin Combined Return 
Year Quota Seine G i l l  Net GN/Seine Seine Seine ( m i  1 1 ions) 

Correl a t i on  Coe f f i c ien t  
between In-season CPUE 0.911 0.655 0.89 0.558 0.893 
and B r i s t o l  Bay Return 



Table 23. Eval u a t i o n  o f  CPUE f o r e c a s t  based on s tandard 1 i n e a r  r eg ress ion  and based on cross-va l  i d a t i o n .  

Unimak 
Combined GN/PS Observed Eva1 u a t  i o n  Based on Eva1 u a t i o n  Based on 

F i  shery Inshore  Standard L i nea r  Regression Cross Val i d a t i  on Techniques 
Performance B B 

( #  sockeye p e r  Return P red i c ted  Residual  Pred ic ted  ~esidu'i-a'V- 
Year GN boa t  day) ( m i l l  i ons )  Return Residual  Squared Return Residual  Squared 

-.- 
Root Mean Square 

Residual  Mean Square 7.71 



Table 24. Worksheet f o r  1986 in-season forecast o f  B r i s to l  Bay sockeye salmon 
return based on CPUE i n  the canbined Unimak g i l l  net and purse seine 
sockeye fishery. 

Unimak Combined G i l l  Net and 
Purse Seines (* 1 PS = 3.28 GN) 

No. o f  
Fishing Vessels Cumul a t  i ve 

Date Period Fishing (*) CPUE a/ 
M t .  Day Length G i l l  Net (1) (2) (2)/(1) Forecast 

(hr) GN PS Boat Days Catch CPUE E f f o r t  Catch CPUE ( m i l l  ions) 

June 5 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a/ Forecast based on equation (1) i n  text .  



Table 25. Worksheet f o r  1987 in-season forecast o f  B r i s to l  Bay sockeye salmon 
return based on CPUE i n  the canbined Unimak g i l l  net and purse seine 
sockeye fishery. 

Unimak Combined G i l l  Net and 
Purse Seines (* 1 PS = 3.28 GN) 

No. o f  
F i  shins Vessels Cumul a t  i ve 

Date period- Fishing (*I CPUE a/ 
M t .  Day Length Gill Net (1) (2) (2)/(1) Forecast 

(hr) GN PS Boat Days Catch CPUE Effort Catch CPUE ( m i l l  ions) 

June 5 
6 
7 
8 40 38 0 63 4330 68 63 4330 68 10.56 
9 
10 18 150 56 250 9300 37 314 13630 43 12.28 
11 22 150 56 306 18000 59 619 31630 51 12.58 
12 
13 
14 18 145 53 239 45300 189 859 76930 90 14.11 
15 22 145 56 301 48700 162 1160 125630 108 14.85 
16 
17 18 150 85 322 90400 281 1481 216030 146 16.33 
18 16 150 85 286 74300 260 1767 290330 164 17.06 
19 
2 0 16 140 65 235 52000 221 2003 342330 171 17.32 
2 1 24 100 65 313 109600 350 2316 451930 195 18.28 
2 2 22 100 85 347 70100 202 2663 522030 196 18.32 
2 3 
2 4 
2 5 12 100 85 189 51400 271 2853 573430 201 18.51 
2 6 22 100 65 287 96800 337 3140 670230 213 19.01 
2 7 
28 
2 9 
30 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a/ Forecast based on equation (1) i n  tex t .  



Table 26. Hindcasted performance of forecast based on in-season catch of chum 
salmon in the South Peninsula June fishery. Note that catches are 
i n  thousands. 

(1) (2) (3) (3)/(2) Forecasted a/ (1 )/(4) 

Sockeye Preseason Sockeye Chun Inseason Fishing Forecasted Observed 

Catch S. Penin. Catch as Catch Forecast Observed Intensity BB Sockeye BB Sockeye 

Through Sockeye % of Through of Chun on BB Return Return Deviation 
Year 6/21 Quota Quota 6/21 Catch Catch Sockeye (millions) (millions) (millions) 

Root Mean Square 12.839 

a/ Forecast based on cross-val idation techniques , where prediction based on 
regression model estimated by excluding the current year's data. 



Table 27.  Eval u a t i o n  o f  chum salmon ca tch  f o r e c a s t  based on standard 1 i n e a r  regress ion  and based on cross-  
va l  i d a t i o n .  

Observed 
I n t e n s i t y  
o f  South 
Peni su l  a Eva1 u a t i o n  Based on Eva1 u a t i o n  Based on 
Sockeye Standard L inear  Regression Cross Val i d a t  i o n  Techniques 

South Peninsula F i she ry  
Chum Catch ( ca tch  as Pred ic ted  Residual Pred ic ted  Resldual 

Year (thousands) % o f  BB r e t .  ) I n t e n s i t y  Residual Squared I n t e n s i t y  Residual Squared 

Root Mean Square 1.21% 

Residual Mean Square 0.96% 



Table 28. Worksheet f o r  1986 in-season f o r e c a s t  o f  B r i s t o l  Bay sockeye salmon r e t u r n  based on c a t c h  o f  chum 
salmon i n  t h e  South Peninsula June f i s h e r y .  Note t h a t  i n  1986 t h e  f i s h e r y  was managed f o r  a  quota 
o f  400 thousand chum salmon and sockeye catches p r o j e c t e d  based on t h e  f r a c t i o n  o f  chum quota 
a t t a i n e d  t o  date.  

--- 

Sockeye Chum 

Pro jec ted  a/ P ro jec ted  b/ Chum /c 
End o f  End o f  Catch 

Date Unimak Shumagin T o t a l  Season Unimak Shumagin To ta l  Season Forecast  
M t . D a y  D a i l y  D a i l y  Cumul. Catch D a i l y  D a i l y  Cumul . Catch ( m i l l  i ons )  

June 5 
6 
7 
8 
9 
10 
1 1  8000 6000 14000 350000 13000 3000 16000 400000 9.29 
12 
13 
14 56000 26000 96000 412903 55000 22000 93000 400000 10.95 
15 
16 24000 25000 145000 414286 33000 14000 140000 400000 10.99 
17 
18 79000 13000 237000 3983 19 86000 12000 238000 400000 10.57 
19 
20 
21 62000 23000 '322000 460000 31000 11000 280000 400000 12.20 
2 2 
23 22000 23000 367000 489333 7000 13000 300000 400000 12.98 
24 18000 12000 397000 508974 4000 8000 3 12000 400000 13.50 
25 27500 24810 449310 449310 9000 13302 334302 334302 13.43 
26 
2 7 
2 8 

a/ P ro jec ted  end o f  season ca t ch  = ca t ch  t o  da te  / f r a c t i o n  o f  chum quota achieved t o  date.  
b/ Pro jec ted  end o f  season ca t ch  = chum quota o r  end o f  season catch.  
c/ Forecast  based on expansion of  p r o j e c t e d  sockeye c a t c h  by f o recas ted  r a t e  o f  e x p l o i t a t i o n  

(equa t i on  4 )  r e a l i z e d  by t h e  South Peninsula f i s h e r y .  



Table 29. Worksheet f o r  1987 in-season f o r e c a s t  o f  B r i s t o l  Bay sockeye salmon r e t u r n  based on ca t ch  of  chum 
salmon i n  t h e  South Peninsula June f i s h e r y .  

Sockeye 

P ro jec ted  a/ 
End o f  

Date Unimak Shumagin T o t a l  Season 
M t .  Day D a i l y  D a i l y  Cumul. Catch 

June 5 
6 
7 
8 4330 4330 775000 
9 
10 9300 31900 45530 775000 
1 1  18000 63530 775000 
12 

Chum 

r e  Chum /c 
End o f  ca t ch  

Unimak Shumagin To ta l  Season Forecast  
D a i l y  D a i l y  Cumul , Catch ( m i l  1 i ons )  

- 
a/ P ro jec ted  end o f  season ca t ch  = sockeye quota 
b/ P ro jec ted  end of season ca t ch  = ca t ch  t o  da te  / f r a c t i o n  o f  sockeye quota achieved t o  date.  
c/ Forecast  based on expansion of  p r o j e c t e d  sockeye ca t ch  by Forecasted r a t e  o f  e x p l o i t a t i o n  

(equa t i on  4) r e a l i z e d  by t h e  South Peninsula f i s h e r y .  



Table 30. Eva lua t i on  o f  f o recas t  based on a p o o l i n g  o f  t h e  chum salmon ca t ch  and CPUE fo recas t .  

Chum Catch Forecast  CPUE Forecast  Pooled Est imate Based on 
Eva lua t i on  Based on Eva lua t i on  Based on Sum Weighted by 

Cross Val i d a t i o n  Techniques Cross Val i d a t  i on Techniques I nve rse  o f  Root Mean Square 
Observed 

B r i  s t01 Bay P red i c ted  Residual  Residual  P red i c ted  Residual  P red i c ted  Residual  
Year Return Retu rn  Squared Squared Return Residual  Squared Retu rn  Residual  Squared 

Root Mean Square 12.404 8.049 7.806 



NORTH PENINSULA 

A. NORTHERN DISTRICT 

8. CARIBOU FLATS 

ALEUTIAN ISLANDS 
9. BLACK H I L L S  

G. AKUTAN DISTRICT 

H.  $ALASKA DISTRICT 

1. BEAVER INLET B. NORTHWESTERN DISTRICT 
2 .  UNALASKA BAY 
3. MAKUSHIN BAY 
4 .  KASHEGA BAY 
5. SOUTHERN 3. U R I L I A  BAY 

4. DUBLIN BAY 

1. PAVLOF BAY SECTION 
2. CANOE BAY 
3. MINO CREEK-LITTLE COAL BAY 

C. UNIMAK DISTRICT 4. BEAVER BAY 

D. SOUTHWESTERN DISTRICT 
F. SOUTHEASTERN DISTRICT 

H 1. IKATAN BAY SECTION 5. DEER ISLAND 1. BALBOA BAY SECTION 
2. MORZHOVOI BAY 6. BELKOFSKI BAY 2. SHUMAGIN ISLANDS SECTION 
3. T H I N  POINT 7. VOLCANO BAY 3. WEST STEPOVAK 
4. COLDBAY 4. EAST STEPOVAK 

5. GENERAL 

F igu re  1. South Peninsula f i s h i n g  d i s t r i c t s  ( s t i p p l e d  area are  the  I k u t a n  Bay s e c t i o n  o f  Southeastern Dis-  
t r i c t ,  Unimak D i s t r i c t ,  and the  Shumagin Sect ion o f  t he  Southeastern D i s t r i c t ) .  
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E v o l u t i o n  o f  CPUE, Inseason, for Sou th  Unimak 
Combined PS/GN F i s h e r y .  1977 - 1985 

Date 

Figure 2. Ra t i o  o f  cumulat ive sockeye salmon ca tch  t o  cumulat ive e f f o r t  f o r  t he  combined South Unimak June 
purse s e i n e l g i l l  n e t  f i shery ,  as i t  has evolved in-season, 1977-1 985. 



South Peninsula June Fishery ( a l l  gears) 
Catch o f  Sockeye (percent of  B r i s t o l  Bay Inshore Return) 

versus c a t c h  o f  Chums, 1962 - 87 
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I n t e n s i t y  
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Figure 3. Re la t ionsh ip  between the f i s h i n g  i n t e n s i t y  o f  the  South Peninsula f i s h e r i e s  ( ca t ch  o f  sockeye salmon 
as a percent  of the inshore B r i s t o l  Bay r e t u r n )  and the catch o f  chum salmon (thousands) i n  the 
South Peninsula June f i s h e r i e s .  Shown a re  the observed and the  p red ic ted  i n c l u d i n g  t he  80% confidence 
i n t e r v a l  based on regress ion model w i t h  b ias  c o r r e c t i o n  (descr ibed i n  the  t e x t ) .  
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Catch o f  Sockeye (percent of B r i s t o l  Bay Inshore Return) 
versus Catch o f  Chums. 1977 - 1985 
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Figure 4. Relat ionship between t h e  f i s h i n g  i n t e n s i t y  o f  the South Unimak purse seine, South Unimak g i l l  net, 
and Shumagi'n purse seine f i s h e r i e s  (catch o f  sockeye salmon i n  the respect ive f i s h e r y  as a percent 
o f  inshore B r i s t o l  Bay r e t u r n )  and the catch o f  chum salmon i n  the respect ive f i s h e r y  (thousands). 



B r i s t o l  Bay R e t u r n  v e r s u s  
Per formance o f  Unimak Combined GN/PS F i s h e r y  

B r i s t o l  Bay 
R e t u r n  

( m i l l  i o n s )  

R a t i o  o f  C u m u l a t i v e  Catch 
and C u m u l a t i v e  E f f o r t  F o l l o w i n g  P e r i o d  
t h a t  50 X o f  S.  Unimak Quo ta  Ach ieved  

---- Lower 80% C .  I .  

---- Upper 80 % C . I .  

F igure  5. Re la t i onsh ip  between B r i s t o l  Bay inshore  r e t u r n  ( m i l l  i ons  o f  sockeye salmon) and t h e  r a t i o  o f  cumula- 
t i v e  sockeye ca tch  t o  cumulat ive e f f o r t  ( g i l l  n e t  equ i va l en t  boa t ldays )  a t  t h e  m idpo in t  o f  t he  South 
Unimak June f i s h e r y .  Shown a re  t h e  observed and t he  p red i c t ed  i n c l u d i n g  t h e  80% conf idence i n t e r v a l  
based on reg ress i on  model w i t h  b i as  c o r r e c t i o n  (descr ibed  i n  t he  t e x t ) .  
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