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ABSTRACT 

Th is  document i s  a p lan  f o r  salmon management and enhancement s t r a t e q i e s  

i n  Cumshewa I n l e t ,  on t h e  Queen C h a r l o t t e  Is lands .  It provides background 

in fo rma t  i o n  on the  salmon stocks, the  f i s h e r i e s  and t h e  e x i s t i n g  enhancement 

f a c i  1  i t i e s .  Several management and enhancement s t r a t e g i e s  are i d e n t i f i e d  and 

evaluated, and one i s  recommended. 

Chum, p ink and coho salmon are produced i n  Cumshewa I n l e t ,  w i t h  chum 

salmon most abundant. P a l l a n t  and Mathers Creeks support t h e  major 

populat ions.  Comrnerci a1 f i s h e r i e s  t a r g e t t  i n q  on Cumshewa I n l e t  stocks have 

been i r r e g u l a r  i n  t he  past. However a major enhancement f aci  1 i ty f o r  chum 

salmon was cons t ruc ted  on P a l l a n t  Creek i n  1978 and a small experimental  

ha tchery  was developed on Mathers Creek i n  1980. Hatchery re tu rns  have 

prov ided a surp lus f o r  harves t ing  s ince  1984. There was not a long-term 

management s t r a t e a y  f o r  harves t ing  these f i s h .  

The th ree  management op t ions  t h a t  were evaluated addressed the  issues 

regard ing  mixed-stock f i s h e r i e s  , u n c e r t a i n t i e s  of inseason run  s i ze  est imates 

and f i s h  q u a l i t y .  The f o u r  enhancement op t ions  addressed issues regard ing  

species mix and s t r a t e p i e s  f o r  enhancing the  Mathers Creek chum salmon 

stock. 

T h e o p t i o n i n v o l v i n g t h e e x p a n s i o n o f  t h e P a l l a n t C r e e k f a c i l i t y f o r t h e  . 

purpose o f  enhancing t h e  Mathers Creek chum salmon stock i n  combination w i t h  

t h e  management s t r a t e g y  o f  an e a r l y  f i s h e r y  w i t h  area r e s t r i c t i o n s  i s  

recommended. This  o p t i o n  prov ides the  p o t e n t i a l  f o r  r e l a t i v e l y  h igh  b e n e f i t s  



a t t a i n i n g  t h e  h igher  

This o p t i o n  i s  a lso  f 

opt ions  i n  t he  f u t u r e .  

and i s  very cos t  e f f e c t i v e .  Although the re  i s  the r i s k  t h a t  t h i s  management 

s t r a t e g y  may dep le te  the  Mathers Creek stock, there  i s  the oppor tun i t y  t o  

r e v e r t  t o  another management s t ra tegy  i f  t h e  assumptions prove fa l se .  I n  

t h i s  case the  b e n e f i t s  would be s i q n i f i c a n t l y  lower but the  p o s s i b i l i t y  of 

w i t h  minimal costs. 

i t y  t o  consider o ther  

b e n e f i t s  would have been tes ted  

l e x i b l e  and prov ides the  opportun 
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1.0 INTRODUCTION 

Cumshewa I n l e t  i s  l o ca ted  on t h e  east  coast  o f  the  Queen C h a r l o t t e  

I s l a n d s  i n  B r i t i s h  Columbia ( F i a u r e  1 ) .  The streams i n  t he  area suppor t  

chum, p i nk ,  coho and sockeye salmon as w e l l  as s tee lhead and c u t t h r o a t  

t r o u t .  I n  t h e  past ,  commercial salmon f i s h e r i e s  i n  Cumshewa I n l e t  have been 

i r r e p u l a r  hecause o f  low and f l u c t u a t i n q  f i s h  abundance. I n  1978 a  major 

ha tchery  was cons t ruc ted  a t  P a l l a n t  Creek and i n  1980 a  p i l o t  f a c i l i t y  was 

bu i  1  t a t  Mathers Creek. Comrnerci a1 f i s h e r i e s  t a r a e t t  i n g  on the  enhanced 

p roduc t i on  have operated i n  t h e  I n l e t  s i n c e  1984. Cu r ren t l y ,  harvest inc l  

s t r a t e a i e s  are i d e n t i f i e d  on an annual bas i s  and t h e r e  i s  no long term 

manaaernent p l a n  f o r  ha rves t i na  these f i s h .  I n  add i t i on ,  f u r t h e r  enhancement 

has been proposed f o r  t h e  area. 

Th i s  p l ann inq  document p resen ts  backqround i n f o r m a t i o n  on t he  f i s h  

s tocks  i n  Cumshewa I n l e t ,  t h e  f i s h e r i e s ,  and t h e  e x i s t i n g  enhancement 

f a c i l i t i e s .  Several  rnanaaement and enhancement op t i ons  are i d e n t i f i e d  and 

eva lua ted .  The recommended p .  ;n i s  based on c o n s i d e r a t i o n  o f  t h e  e v a l u a t i o n  

c r i t e r i a ,  and i s  sub jec t  t o  r e v i s i o n  by t h e  Department o f  F i s h e r i e s  and 

Oceans (DFO) i n  c o n s u l t a t i o n  w i t h  user aroups. 

2.0 FISH STOCKS 

Chum, p ink ,  coho and sockeye sa lvon spawn i n  streams i n  Cumshewa I n l e t .  

Pal  l a n t  and Mathers creeks are t h e  major salmon produc ina systems. Smal ler  

escapements have been repo r t ed  i n  Chadsey, Carrnicbael, Aero and Braverman 

creeks ( F i q u r e  2 ) .  Escapement, t i m i n a  and m i q r a t i o n  o f  each species i s  

descr ibed  i n  t h e  f o l l o w i n g  sec t i ons .  The escapement data are frorl l  Orrnan and 

Hansen (1986) .  



I f k i d e ~ a t e  I n l e t  
2 Cumshewa I n l e t  
3 Selwyn In le t /Dawin  Sound 
4 Tasu found 

Figure 1. Location o f  Queen Charlotte Islands and study area 
(adapted from Orman and Hansen, 1986. Figure 2. ). 
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2.1 Chum Salmon 

Chum salmon escapements t o  Cumshewa I n l e t  streams have f l u c t u a t e d  

s u b s t a n t i a l l y  ranq ina  f r om 850 t o  57,500 i n  1979 and 1952 r e s p e c t i v e l y  (Tab le  

1 ) .  Average escapements by decade have remained r e l a t i v e l y  cons tan t  a t  about 

20,000 spawners. 

P a l l a n t  Creek i s  t he  major chum salmon produc ing stream i n  t h e  i n l e t  

w i t h  averape escapements o f  16,000 i n  t h e  19501s, 13,500 i n  t h e  19601s, 

12,000 i n  t h e  1970 's  and 20,500 i n  t he  e a r l y  1980 's .  The increased 

escapements i n  t h e  1980 's  r e f l e c t s  a d d i t i o n a l  p roduc t i on  from t h e  P a l l a n t  

Creek ha tchery .  Mathers Creek has c o n s i s t e n t l y  supported a moderate r un  o f  

chum salmon w i t h  escapements averag ing  4500, 7000, 5500 and 2000 f o r  t h e  

19501s, 19601s, 19701s, and e a r l y  19801s, r e s p e c t i v e l y .  Escapements t o  

Chadsey Creek have averaged about 500 spawners except i n  t h e  1950's when 

escapements as h i gh  as 10,000 f i s h  were repo r t ed .  Records f o r  Carmichael 

Creek are o n l y  a v a i l a b l e  s i nce  1969. I n  t h e  19701s, escapements averaaed 600 

f i s h  bu t  dec l i ned  i n  t h e  e a r l y  1980 's  t o  average l ess  than 200 spawners. 

The r o u t e  o f  chum salmon m i g r a t i o n  t o  Cumshewa I n l e t  i s  no t  w e l l  

understood. Three p o s s i b l e  approach rou tes  have been proposed: 1 )  f r om  the  

n o r t h  v i a  Alaska, t he  n o r t h  end o f  t h e  C h a r l o t t e s  ( S t a t i s t i c a l  Area l ) , and  

Sk ideaate I n l e t  2 )  f r om  t h e  west v i a  Area 2W, around t h e  southern end of t h e  

C h a r l o t t e s  and n o r t h  a lonp Area 2E and 3 )  f rom the  east  (Hecate S t r a i t )  

d i r e c t l y  i n t o  t h e  t e rm ina l  areas (Char les  and Henderson, 1985).  

There a re  l i m i t e d  da ta  f rom chum salmon t apq ing  s tud ies  and mark- 

r ecove ry  s t u d i e s  t h a t  p rov i de  some i n d i c a t i o n  o f  chum salmon r o u t i n q s .  Chum 

salmon t apa inq  s t u d i e s  conducted i n  Sk ideaa te  I n l e t  i n  1971, 1974, 1975 and 
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T&le 1. Chum salmon escgements t o  C u m h a  I n l e t  streans. 

1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 Mean 

Aero 
Braverman 
carmichael N/O N/O N/O N/O N/O N/O N/O N/O N/O N/O 
Chadsey loo00 9000 7500 750 750 750 750 400 1500 75 3148 
Mathers 5000 9000 15000 1500 3500 750 750 7500 400 1500 4490 
Pal lant 15000 32250 35000 1500 3500 750 1500 35000 35000 400 15990 

Tot a1 30000 50250 57500 3750 7750 2250 3000 42900 36500 1975 23628 

1960 1961 1962 1963 1 1965 1966 1967 1968 1969 Mean 

Aero 
Braverman 
Carmichael N/O N/O N/O N/O N/O N/O N/O N/O N/O 750 7 5 
Chadse.y X X )  200 400 N/O 800 400 1500 750 750 75 508 
Mathers 3500 3500 15000 15000 6000 7000 KCXI 750 7500 3500 6975 
Pal lant 35000 7500 15000 15000 8000 &COO 9000 7500 15000 15000 13500 

Tot a1 38,!00 11200 30400 30000 14800 15400 18500 9000 23250 19325 21058 

Aero 
Braverman 
Carmichael 3000 900 350 500 400 400 150 100 200 50 605 
Chadsey 500 600 2400 1000 400 100 100 300 230 75 571 
Mathers 8C00 500 15000 3000 lOOClO loo0 16500 2000 1000 75 5708 
Pal lant 35000 20 loo00 250CO 8000 5000 150 3000 1x00 650 11880 

Tot a1 46500 2XXX) 27750 29500 18800 6500 16900 5400 13430 850 18753 

1980 1931 1 2  1983 1984 1985 1986 1%7 1988 1989 k a n  

Aero N/O 
Braverman N/O 
Carmichael 675 15 12 2@l 90 50 
Chadsey 630 !325 140 265 340 200 
Mat hers 1700 2500 75 3000 loo0 2830 
Pal lant 100rX) 28600 2300 25000 26464 3XXXI 

Tot a1 

Note: N/O None Observed. 
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1981 suggest t h a t  Sk ideaa te  I n l e t  i s  no t  a  major m i a r a t i s n  r o u t e  f o r  Cumshewa 

I n l e t  chum salmon because o n l y  a  few of t h e  f i s h  t a ~ g e d  i n  Sk ideqate I n l e t  

were recovered i n  Cumshewa I n l e t  (Dickson, 1971, 1974 and 1975; Aqua t i c  

Resources, 1982) .  I n  1971, t agg ing  s tud ies  i n  Selwyn I n l e t ,  south o f  

Cumshewa I n l e t ,  i n d i c a t e d  t h a t  a s u b s t a n t i a l  p o r t i o n  o f  Cumshewa I n l e t  s tocks  

m ig ra ted  n o r t h  th roush  Lou ise  Narrows (Dickson, 1971) .  The r e s u l t s  o f  

subsequent t agp ing  s tud ies  i n  Cumshewa I n l e t  and ad jacent  areas i n  1974, 

1975, 1980 and 1981 d i d  no t  support  t h i s  conc lus ion .  The general  conc lus ion  

drawn f rom t h e  t agg inq  s tud ies  i s  t h a t  chum salmon r e t u r n i n q  t o  Cumshewa 

I n l e t  appear t o  approach d i r e c t l y  f rom t h e  east  i n  Hecate S t r a i t  (Aqua t i c  

Resources, 1982 ) . 
Since 1984, t h e  r e t u r n  o f  ha tchery  f i s h  f rom Pal  l a n t  and Mathers creeks 

has been moni tored i n  a mark-recovery p r o q r m  (McKenzie and Thomas,1985). I n  

1984 t h e  d i s t r i b u t i o n  o f  ca tch  o f  enhanced Cumshewa chum salmon was est imated 

a t  5% i n  Sk idepa te  I n l e t ,  2% i n  Area 2W ( T a w  Sound and West Sk ideqa te  

I n l e t ) ,  2% i~ Darwin Sound/Selwyn I n l e t  and t b  m a j o r i t y  ( 91%) i n  Cumshewa 

I n l e t .  The 1985 r e s u l t s  were s i m i l a r  w i t h  10% o f  t he  catch i n  Sk idegate 

I n l e t ,  l e s s  than 1% i n  Area 2W,and t h e  remainder were cauaht i n  t he  

CumshewalSelwyn and Darwin f i s h e r i e s .  Mark- recovery  da ta  are based 'on sa l es  

s l i p  i n f o r m a t i o n  and t h e  l o c a t i o n  o f  ca tch  cannot always be i d e n t i f i e d  t o  a  

s p e c i f i c  l o c a t i o n .  For example, boats f i s h i n q  i n  Cumshewa, Selwyn and Darwin 

may d e l i v e r  t o  t h e  same packer, and catches a re  no t  kep t  separate.  

Therefore,  t h e  r e s u l t s  o f  t h e  mark- recovery  program are i nconc lus i ve  and do 

n o t  necessar i  l y  r e f  l ~ c t  t he  catch d i s t r i b u t i o n  between Cumshewa, Selwyn and 

Darwin f i s h i n g  areas. 



Chum salmon begin  a r r i v i n g  i n  Cumshewa I n l e t  i n  e a r l y  September 

(unpub l i shed  t e s t  f i s h i n g  da ta  1982, 1984 and 1985).  Tagqinq s tud ies  

i n d i c a t e d  t h a t  peak abundance occur red  between September 24 and October 2  

d u r i n g  1980 and 1982 (Aqua t i c  Resources, l982).  These s tud ies  a lso  i n d i c a t e d  

t h a t  most chum salmon ho ld  i n  t h e  i n l e t  f o r  2  t o  4  weeks be fo re  heading 

upstream ( F i g u r e  2 ) .  count in^ fence da ta  f rom P a l l a n t  and Mathers Creeks 

show t h a t  some spawners beain e n t e r i n a  t he  streams i n  e a r l y  September bu t  

most a r r i v e  between e a r l y  and l a t e  October.  Chum salmon m i g r a t i o n  i n t o  t h e  

streams appears t o  be s t r o n a l y  r e l a t e d  t o  f l o w  c o n d i t i o n s .  I n  1985, water  

l e v e l s  were ve ry  low and t he  m a j o r i t y  o f  spawners d i d  no t  en te r  t h e  streams 

u n t i l  f l o w s  increased.  

2.2 Pink, Salmon 

The dominant p ink  salmon run  occurs i n  even years.  Escapements t o  t he  

i n l e t  have f l u c t u a t e d  s u b s t a n t i a l l y  over t he  p e r i o d  o f  record,  rang ing  f rom 

14,500 i n  1964 t o  220,000 i n  1950 (Table  2 ) .  Average escapements have 

increased over t ime  f r om 90,000 i n  t h e  1950 's  t o  104,OOn i n  t h e  1960's and 

139,000 i n  t he  1970 's .  However, escapements i n  t h e  e a r l y  1980 's  have 

averaqed o n l y  28,000 spawners. The two major p ink  salmon spawnina streams 

a re  P a l l a n t  and Mathers creeks. Pink salmon escaoements t o  o the r  streams i n  

t h e  i n 1  e t  have o n l y  been repo r t ed  p e r i o d i c a l  l y  i n  Braverman and Chadsey 

creeks.  General ly, esca~ernents t o  Pal  1  ant  Creek have been s l i g h t l y  h i ahe r  

than t o  Mathers Creek (Tab le  2 ) .  

The odd-year p ink  salmon run  i s  r e l a t i v e l y  smal l  compared t o  t h e  

even-year run, w i t h  a  peak escapement o f  45,000 recorded i n  1963 (Tab le  2 ) .  
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With t h e  excep t ion  o f  t h e  19601s, p i nk  salmon escapements t o  Cumshewa I n l e t  

streams have been l ess  than 10,000 spawners. Averaqe escapements t o  Pal  l a n t  

and Vathers  Creeks were s i m i l a r  i n  t h e  1950's and 19601s, bu t  escapements t o  

Pal  1  an t  Creek have aeneral  l y  been h i ~ h e r  i n  r ecen t  years  (1971-1985) (Tab le  

2)  

I n f o r m a t i o n  on Area 2E p ink  salmon m i a r a t i o n  i s  l i m i t e d  t o  a  smal l  

number o f  r ecove r i es  f rom t h e  I n t e r n a t i o n a l  T a ~ q i n g  Proqrarn i n  1984 ( E n g l i s h  

e t  a1.,1985). Most tags recovered i n  Area 2E were re leased  from Area 1 (n=7) 

a t  t h e  n o r t h  end o f  t h e  Queen C h a r l o t t e  I s l a n d s .  However, 2  o f  t he  recovered 

f i s h  were taqaed i n  Area 3 and Area 4  suqgest ina t h a t  a  minor percentaae o f  

t h e  Area 2E p i nk  salmon s tocks may be i n t e r c e p t e d  i n  those f i s h e r i e s .  None 

o f  t h e  taaged f i s h  were recovered i n  Area 2E i n  t h e  1982 s tudy.  

No stud,i,es have been d i r e c t e d  a t  p ink  salmon s tocks i n  Cumshewa I n l e t  

b u t  observa t ions  by f i s h e r y  o f f i c e r s  sugaest t h a t  p ink  salmon a r r i v e  i n  

Cumshewa I n l e t  d u r i n q  e a r l y  Auqust. I n c i d e n t a l  i n f o r m a t i o n  c o l  l e c t e d  d u r i n g  

chum salmon t aqa ina  s tud ies  i n d i c a t e s  t h a t  peak abundance o f  p ink  salmon i n  

Cumshewa I n l e t  occurs  i n  the  f i r s t  week o f  September and t h a t  t he  f i s h  have 

l e f t  t h e  i n l e t  by t h e  end o f  t h e  second week (Aqua t i c  Resources, 1982) .  

Count ina fences on P a l l a n t  and Mathers creeks are no t  u s u a l l y  i n s t a l l e d  e a r l y  

enouqh t o  mon i t o r  t he  beainn ina o f  p ink  salmon m i q r a t i o n  i n t o  t he  creeks. 

The a v a i l a b l e  fence  da ta  and h i s t o r i c  escapement records i n d i c a t e  t h a t  p i n k  

salmon begin  t o  a r r i v e  i n  P a l l a n t  Creek i n  mid-Auaust, w i t h  peak spawninq 

u s u a l l y  o c c u r r i n g  i n  e a r l y  t o  mid-September and d i e - o f f  i s  complete i n  e a r l y  

October (Aqua t i c  Resources, 1982).  Pink salmon t i m i n q  i n  Mathers Creek i s  

s i m i  1  ar (Shepherd, 1978).  



2.3 Coho Salmon 

Coho salmon escapements t o  Cumshewa I n l e t  have been repo r t ed  t o  range 

between 475 i n  1958 and 20,000 i n  1965 (Tab le  3 ) .  Average escapement t o  t h e  

i n l e t  has been re1  a t i v e l y  cons i s t en t  r ana ing  between 6200 t o  10,800. Pal l a n t  

and Mathers Creeks are the  major producers  and had s i m i l a r  escapements p r i o r  

t o  1970. Dur ing  t h e  mid 19701s, Mathers Creek escapements were about t w i c e  

t h a t  i n  P a l l a n t  Creek. However i n  r ecen t  years, coho salmon escapements t o  

Mathers Creek dec l i ned  w h i l e  escapements t o  P a l l a n t  Creek have increased. 

The inc rease  i n  P a l l a n t  Creek coho salmon escapements can be a t t r i b u t e d  t o  

ha t che ry  enhancement. Chadsey Creek i s  t h e  o n l y  o the r  system i n  Cumshewa 

I n l e t  i n  which coho salmon escapements are r epo r t ed  c o n s i s t e n t l y ;  r ecen t  

es t imates  i n d i c a t e  l ess  than 200 spawners. 

There i s  l i t t l e  known about the  m i a r a t i o n  o f  coho salmon o r i g i n a t i n g  i n  

t h e  Queen C h a r l o t t e  I s l ands .  The o n l y  a v a i l a b l e  i n f o r m a t i o n  i s  f rom t h e  

coded-wire t aa  r ecove r i es  f rom enhanced Pa l  l a n t  Creek coho salmon. The t h r e e  

years  o f  ava i  l a b l e  da ta  (1983-85, unpubl ished mark recovery  da ta )  i n d i c a t e  

t h a t  P a l l a n t  Creek coho salrnon are i n t ecep ted  i n  Alaskan f i s h e r i e s  ( 5 % )  and 

i n  no r t he rn  Canadian t r o l l  f i s h e r i e s  (35%).  

The t i m i n a  o f  coho salmon t o  P a l l a n t  Creek i s  e a r l i e r  than f o r  most 

o t h e r  Q C I  coho salmon s tocks.  P a l l a n t  Creek coho salmon a r r i v e  f rom mid t o  

l a t e  A u ~ u s t ,  peak about t h e  t h i r d  week i n  September, and con t inue  spawning 

i n  October (Aqua t i c  Resources, 1982).  Coho salmon t i m i n g  i n  Mathers Creek i s  

l a t e r  w i t h  a r r i v a l  beg inn ina i n  e a r l y  September, the  peak occu r r i ng  i n  e a r l y  

t o  mid-October and spawning cont  i n u i n a  t o  November (Hawkshaw, 1985).  Coho 

salmon t i m i n ~  i n  Cumshewa I n l e t  over laps  w i t h  bo th  p ink  and chum salmon 

t i m i  na because o f  t h e i r  lonaer  m i g r a t i o n  ~ e r i o d .  



T d l e  3. Ccho salmon escqm-ents to  Cumshma In le t  stream. 

1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 Mean 

Aero 
Braverman 
Carmichael 
Chajsey 750 X X )  1500 200 200 400 N/O 750 200 N/O 420 
Mathers 7500 5500 7500 750 3500 1500 3500 3500 75 1500 3483 
Pal lant 3500 4000 7500 3500 3500 1500 1500 3500 200 400 2910 

Tot a1 11750 9700 16500 4450 7200 3400 5000 7750 475 1900 6813 

Aero 
Braverman 
Carmichael 
Chadsey N/O N/O 75 N/O N/O 40 75 200 75 25 49 
Mathers 3500 3500 3500 3500 5000 loo00 4000 3500 7500 7500 5150 
Pal lant 3500 35CO 750 7500 5000 loo00 13000 3500 1500 7500 5575 

Tot a1 7000 7000 4325 11OOO loo00 20040 17075 7200 9075 15025 10774 
I / 

Aero 
Braveman 
Carmichael 
Chadsey 100 N/O N/O N/O N/O 150 150 200 150 180 93 
Mat hers 7500 N/O N/O ICON UN( 5000 100 5500 1OOOO 2000 5000 
Pal lant 8ICO N/O 4000 4500 2000 4000 MOO MOO 2000 1300 2980 

Tot a1 1 W  0 4000 14500 2000 9150 12150 7700 12150 3480 8073 

Aero 58 N/O N/O 
Braverman 25 N/O N/O N/O 2 N/O 
Carmichael 1 N/O N/O 
Charlsey 200 75 80 MO 80 N/O 
Mathers 3000 2500 5000 3500 Xm, 1400 
Pal lant 2500 1650 2100 4100 3742 5300 

Tot a1 5725 4283 7180 7801 5824 6700 6252 

Note: N/O None observed. 



2.4 Other  Species 

Spawning reco rds  i n d i c a t e  p e r i o d i c  escapements o f  sockeye salmon t o  

P a l l a n t  and Mathers creeks.  Paximum repo r t ed  escapement o f  sockeye salmon t o  

P a l l a n t  Creek was 200 i n  1959 and 1960. Maximum repo r t ed  sockeye salmon 

escapement t o  Mathers Creek was 15,000 spawners i n  1967 but  escapements were 

s e n e r a l l y  l ess  than 5000. Sockeye salmon escapement est imates i n  1985 were 

30 f o r  P a l l a n t  Creek and 1000 f o r  Mathers Creek. Sockeye salmon spawning 

occurs f rom A p r i  1  t o  June. 

No chinook salmon s tocks are produced f r om Cumshewa I n l e t ,  a l though  

s t r a y s  a re  o c c a s i o n a l l y  r epo r t ed .  

P a l l a n t  Creek suppor ts  one o f  t h e  most impor tan t  s tee lhead s tocks i n  t h e  

C h a r l o t t e s .  These w 

throuah t o  t h e  end, o f  

Averaae run  s t r e n g t h  

i n t e r  run  s tee lhead en te r  t h e  r i v e r  f rom September 

Way, w i t h  spawning o c c u r r i n a  throuqhout  the sp r inp .  

i s  est imated a t  360 f i s h .  Est imates o f  t h e  s tee lhead 

s tock i n  Mathers Creek i n d i c a t e  a  s i m i l a r  s i z e  run, bu t  d i f f i c u l t  access 

l i m i t s  s p o r t  f i s h i n q  e f f o r t  on t h a t  s tock (B.C.MOE unpuh l i  shed,l985). 

There i s  an impo r tan t  s tock o f  c u t t h r o a t  t r o u t  i n  Mosqui to  Lake on t h e  

P a l l a n t  Creek system. Abundance i s  es t imated  i n  excess o f  3000 f i s h .  

Spawninq occurs i n  t h e  smal l  t r i b u t a r i e s  t o  t he  l ake  f r om A p r i l  t o  June. 

J u v e n i l e  c u t t h r o a t  t r o u t  spend one t o  f o u r  years  i n  t h e  t r i b u t a r i e s  p r i o r  t o  

m i g r a t  i n q  t o  t h e  l ake  ( B  .C .MOE unpubl ished,  1985).  
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3 - 0  FISHERIES MANAGEMENT 

3.1 Net f i s h e r i e s  

3.1.1 P ink  Salmon 

Pink salmon f i s h e r i e s  i n  Cumshewa I n l e t  a re  managed t o  escapement 

t a r q e t s  o f  75,000 spawners i n  P a l l a n t  Creek and 50,000 spawners i n  Mathers 

Creek (Orman and Hansen, 1986) .  P ink  salmon f i s h e r i e s  were conducted i n  

Cumshewa I n l e t  d u r i n p  t h e  1970 's  on t h e  even year  s tocks .  These f i s h e r i e s  

occur red  i n  l a t e  Auaust and e a r l y  September. Catches were 160,400 i n  1972, 

26,000 i n  1974, 334,600 i n  1976 and 15,600 i n  1978. There have no t  been any 

p i n k  salmon f i s h e r i e s  h e l d  i n  Curnshewa I n l e t  s ince  1978 because s tocks  have 

been a t  r e l a t i v e l y  low l e v e l s .  

3.1.2 Chum Salmon 

Chum salmon f i s h e r i e s  i n  Cumshewa I n l e t  a re  managed t o  escapement 

t a r q e t s  o f  30,000 f o r  P a l l a n t  Creek and 20,000 f o r  Mathers Creek (Orman and 

Hansen, 1986) .  However, s i n c e  t h e  s t o c k s  cannot be managed s e p a r a t e l y  

because t h e y  mix i n  t h e  i n l e t ,  t h e  f i s h e r y  i s  rnanaoed t o  an agqreqate 

escapement t a r q e t  o f  50,000 spawners (D.F.O., 1985).  

Chum salmon f i s h e r i e s  i n  Cumshewa I n l e t  have been minor  i n  t h e  pas t  

because t h e  abundance o f  chum salmon has been low. B r i e f  openinqs i n  some 

years  d u r i n g  t h e  1970 's  r e s u l t e d  i n  catches l e s s  than 5000 p ieces  

(unpub l i shed  ca tch  r e c o r d s ) .  However, i n  1984 and 1985, chum salmon 

f i s h e r i e s  were h e l d  i n  Cumshewa I n l e t  t o  ha rves t  t h e  enhancement-related 

s u r p l u s .  Catches were i n  t h e  o r d e r  o f  50,000 p i e c e s  i n  1984 (Orman, 1984) 

and 85,000 p i e c e s  i n  1985 (Enderud e t  a l . ,  1985).  It i s  a n t i c i p a t e d  t h a t  

Cumshewa I n l e t  w i l l  suppor t  c o n s i s t e n t  chum salmon f i s h e r i e s  i n  t h e  f u t u r e  



because o f  t h e  su rp l us  a v a i l a b l e  from enhancement. F i she ry  openings have 

general  l y  occur red  f rom mid-September t o  e a r l y  October. 

The f i s h e r y  i s  d r i v e n  by the  abundance o f  chum salmon i n  the  i n l e t ,  

which i s  dominated by t he  enhanced P a l l a n t  Creek s tock.  Time and area 

r e s t r i c t i o n s  have been used i n  an at tempt t o  p r o t e c t  t he  Mathers Creek s tock  

which i s  a l so  enhanced bu t  a t  lower l e v e l s .  These r e s t r i c t i o n s  i n v o l v e  

c l o s i n q  t h e  o u t s i d e  area i n  t he  v i c i n i t y  o f  Mathers Creek l a t e r  i n  t h e  

season. Poor escapement t o  Mathers Creek i n d i c a t e s  t h a t  these measures have 

no t  been e f f e c t i v e .  The unenhanced Chadsey and Carmichael Creek s tocks a re  

r e l a t i v e l y  minor  and manapement i s  no t  a l t e r e d  t o  p r o t e c t  those stocks.  

The major d i f f i c u l t y  i n  ma nag in^ t h e  Cumshewa I n l e t  chum salmon f i s h e r y  

i s  t h e  d i f f i c u l t y  i n  o b t a i n i n g  t i m e l y  es t imates  o f  s tock abundance. 

Enumeration da ta  fnsm t h e  P a l l a n t  and Mathers Creek coun t i ng  fences are n o t  

a v a i l a b l e  i n  t ime  t o  make manaqement dec is ions  because t he  f i s h  ho ld  i n  t h e  

i n l e t  f o r  2-4 weeks be fo re  m i q r a t i o n  i n t o  t h e i r  spawninq streams (Aqua t i c  

Resources, 1982; Webb, 1984) .  Another compl i c a t  i n p  f a c t o r  i s  t h a t  f i s h  

q u a l i t y  d e t e r i o r a t e s  du r i np  t h i s  h o l d i n q  pe r i od .  The i n c e n t i v e  i s  t o  ha rves t  

t h e  f i s h  e a r l y  t o  o b t a i n  b e t t e r  q u a l i t y  and thus h i ghe r  values, bu t  t h i s  

s t r a t e g y  r e s u l t s  i n  p r e a t e r  r i s k s  o f  no t  ach iev ing  t he  escapement t a r g e t s .  

I n  1982, 1984 and 1985, t e s t  e f i s h i n g  programs were conducted i n  Cumshewa 

I n l e t  as a  method o f  assessinq chum salmon abundance (Webb, 1984 and 1986). 

The s tud ies  a re  based on p i l l n e t  ca tch  per  u n i t  e f f o r t  a t  s tandard ized s i t e s  

a t  se t  t imes. The o b j e c t i v e  o f  the  s t ud ies  was t o  develop an index t o  r e l a t e  

t h e  ca tch  per  u n i t  e f f o r t  t o  ac tua l  escapement counts.  However, t h e  g i l l n e t  

ca tch  per  u n i t  e f f o r t  had a  wide var iance  and cou ld  no t  be c o r r e l a t e d  t o  

escapement o f  f i s h  i n t o  P a l l a n t  Creek because t h e  f i s h  do no t  move as a  
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s teady stream th rough  t h e  i n l e t  and up t h e  r i v e r s ,  bu t  r a t h e r  ho ld  i n  t h e  

i n l e t  and m i l l  about p r i o r  t o  m i g r a t i n q  t o  t he  r i v e r s  (Webb, 1984). I t  was 

recommended t h a t  one s i t e  o u t s i d e  t h e  h o l d i n g  area such as Conqlomerate P o i n t  

be used t o  index movement of t h e  f i s h  i n t o  t h e  h o l d i n q  area. Several  years  

o f  da ta  are r e q u i r e d  t o  determine t he  e f f ec t i veness  o f  t h i s  t e s t  f i s h e r y  as 

an index o f  s tock abundance. 

I n  1982 and 1985, mark- recapture s t u d i e s  were conducted i n  Cumshewa 

I n l e t  t o  determine chum salmon abundance us ina  Jo l l y -Seber  and Petersen 

p o p u l a t i o n  es t imates  (Webb, 1984 and 1986). The J o l  ly-Seber method p rov i des  

p o i n t  es t imates  through t h e  season, bu t  cannot be c a l c u l a t e d  u n t i l  a f t e r  a l l  

t h e  da ta  are a v a i l a b l e  and t h e r e f o r e  i s  no t  use fu l  as an inseason t o o l .  

Simple Petersen es t imates  were a1 so c a l  cu 1  a ted  bu t  overes t  imated t h e  

abundance of f i s h  because i t  could  no t  account f o r  t ag  losses  (Webb, 1985). 

These marking s t u d i e s  a l so  i n d i c a t e d  t h a t  Mathers Creek chum salmon mix w i t h  

P a l l a n t  Creek chum i n  t h e  h o l d i n g  area, a l though  i t  i s  no t  known what 

p r o p o r t i o n  o f  t he  r u n  i s  present  i n  t h e  h o l d i n s  area. 

3.2 Spor t  F i s h e r y  

The t i d a l  s p o r t  f i s h e r y  f o r  coho salmon occurs f rom wid-August t o  

mid-September. The n o n - t i d a l  spor t  f i s h e r y  i s  l a t e r  occu r r i ng  f rom e a r l y  

September t o  e a r l y  October.  H i s t o r i c a l l y ,  t h e  P a l l a n t  Creek coho salmon and 

s tee lhead  t r o u t  s t ocks  were sub jec t  t o  re1  a t  i v e l y  heavy anql i ng p ressure  

d u r i n g  t h e  p e r i o d  t h a t  Moresby Camp was i n  ope ra t i on  (Shepherd, 1978). 

Improved access r e s u l t e d  i n  con t inued  spo r t  f i s h i n a  e f f o r t  a f t e r  t h e  camp was 

c losed  i n  1970 (Shepherd,l978). Pa thers  Creek was h i s t o r i c a l l y  sub jec t  t o  a  

smal l  spo r t  f i s h e r y  f rom a n ~ l e r s  based a t  Moresby Camp (Shepherd,l978). 
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Spor t  f i s h i n g  i n  Mathers Creek has increased i n  r ecen t  years  s ince t h e  B e a t t y  

Anchoraqe l oaa ing  camp has been opera t  i nq .  

The t i d a l  s p o r t  f i s h e r y  has a l s o  been develop ing w i t h  e f f o r t  from 

r e s i d e n t  and non- res iden t  analers .  The 1985 r u n  o f  coho salmon t o  Cumshewa 

I n l e t  was r e l a t i v e l y  h i ah  because o f  the  r e t u r n  f rom a  l a rae  re l ease  group 

f r om t h e  ha tchery  i n  1982. It was est imated t h a t  t h e  t i d a l  anq lers  launch ina  

f r om Moresby Camp caught 250 f i s h ,  ang le rs  f rom the  two c h a r t e r  boats cauaht 

200 f i s h  and r i v e r  ang le rs  caught 25 coho salmon (Enderud e t  a1 . , 1985).  The 

unusua l l y  low r i v e r  f l ows  d u r i n q  1985 r e s u l t e d  i n  r e l a t i v e l y  poor n o n - t i d a l  

coho salmon catches. 

4.0 ENHANCEMENT ACTIVITIES 

4.1 Rackaround 

I n  1976, P a l l a n t  and Mathers Creeks were i d e n t i f i e d  by DFO as hav ina a  

h i a h  w o t e n t i a l  f o r  chum salmon enhancement (Shepherd, 1978).  

B ioreconnaissance s tud ies  were conducted i n  1977 and 1978 (Shepherd, 1978; 

Glova e t  a l . ,  1979; No r t he rn  N a t u r a l  Resource Se rv i ces  L td . ,  1979). I n  1978, 

a  m o d i f i e d  Japanese-s ty le  ha tchery  was cons t ruc ted  a t  P a l l a n t  Creek. 

Japanese-s ty le  h a t c h e r i e s  are u s u a l l y  supp l i ed  w i t h  around water and t h e  

process i n v o l v e s  bu lk  i ncuba t i on  o f  eaas and t r a n s f e r  o f  t he  eqgs t o  sha l low 
a 

g rave l  channels j u s t  p r i o r  t o  ha tch  so t h e  f r y  emerae i n  a  semi -na tu ra l  

environment.  The Pa l  l a n t  Creek f a c i  1 i t y  was m o d i f i e d  because qround water  

was no t  a v a i l a b l e  and space a t  t he  s i t e  was l im i t ed .  Since the sur face water  

supply  had a  h i ah  l e v e l  o f  suspended s o l i d s ,  t h e  hu lk  incuba to rs  cou ld  no t  be 

used f o r  t h e  e n t i r e  i ncuba t i on  pe r i od .  A t  P a l l a n t  Creek Hatchery, eaas a re  

incuba ted  du r i na  t h e  s e n s i t i v e  p e r i o d  f rom f e r t i l i z a t i o n  t o  j u s t  p r i o r  t o  
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ha tch  i n  Heath t r a y s ,  and then  t r a n s f e r r e d  t o  sha l low m a t r i x  q rave l  

i n cuba to r s  u n t i l  emergence. It was o r i g i n a l l y  in tended t h a t  t he  f r y  would be 

re leased  unfed because t h e r e  was l i m i t e d  space a v a i l a b l e  t o  i n s t a l l  r e a r i n g  

channels on t h e  s i t e .  However, i n  1979, sea pens were i n s t a l l e d  t o  improve 

s u r v i v a l  s i nce  t h i s  r e a r i n q  s t r a t e a y  was p r o v i n q  successfu l  i n  Japan. 

The o r i g i n a l  p lans  i nc l uded  equal enhancement o f  P a l l a n t  Creek and 

Mathers Creek chum salmon s tocks and some enhancement o f  P a l l a n t  Creek coho 

salmon t o  o f f s e t  t h e  a n t i c i p a t e d  i n t e r c e p t i o n  o f  coho salmon i n  t h e  chum 

salmon f i s h e r y .  I n  1978, t he  c a p a c i t y  o f  t h e  P a l l a n t  Creek Hatchery  was 5  

m i  1  l i o n  chum salmon and 100,000 coho salmon eqgs. Development of t he  Mathers 

f a c i l i t y  was delayed because water q u a l i t y  t e s t i n g  conducted between 1976 and 

1979 i n d i c a t e d  p o t e n t i a l  problems f o r  f i s h  c u l t u r e .  The qround water had 

marq ina l  l y  h i g h  ammonia l e v e l s  and n i t r o g e n  supe rsa tu ra t i on  and the  su r f ace  

water  p e r i o d i c a l l y  had h i ah  suspended s o l i d s  l e v e l s  (Fedorenko and Shepherd, 

1985). 

The Pa l  l a n t  Creek Hatchery  was expanded i n  1979 w i t h  a  doub l ing  o f  t h e  

i ncuba t  i o n  c a p a c i t y  and the  a d d i t i o n  o f  sea-pens and f o u r  concre te  raceways 

f o r  chum salmon r e a r i n q .  The a d d i t i o n a l  i n c u a t i o n  c a p a c i t y  was t o  enable 

s a t e l l i t i n g  o f  5  m i l l i o n  Mathers chum salmon eaqs t o  t h e  P a l l a n t  Creek 

f a c i l i t y .  S a t e l l i t i n q  i s ,  an enhancement s t r a t e g y  whereby f e r t i l i z e d  eaqs 

f rom a  p a r t i c u l a r  salmonid stock are incubated and reared  i n  a  c e n t r a l  

f a c i l i t y  and then  f r y  are re leased  i n  t h e  donor stream. I n  1979, sate1 l i t i n q  

o f  t h e  Mathers Creek chum salmon s tock was at tempted on a  srvall scale,  one 

m i l l i o n  esgs, and f a i l e d  because no t  enough eaas cou ld  be c o l l e c t e d  due t o  a  

low abundance o f  brood s tock (Grant and McCart, 1980).  



F a i l u r e  o f  t h e  s a t e 1  1  i t i n p  o ~ t i o n  l e a d  t o  r e c o n s i d e r a t i o n  o f  development 

of a  Mathers  Creek f a c i l i t y .  I t  was supqested t h a t  water  q u a l i t y  c o n d i t i o n s  

would n o t  n e c e s s a r i l y  p r e c l u d e  s u c c e s s f u l  i n c u b a t i o n  and s h o r t  te rm r e a r i n q  

o f  chum salmon. C o n s t r u c t i o n  of a  p i l o t  h a t c h e r y  was recommended t o  t e s t  t h e  

f e a s i b i l i t y  o f  enhancinq chum salmon a t  t h e  Mathers Creek s i t e  p r i o r  t o  

d e v e l o p i n g  a  f u l l  s c a l e  p r o d u c t i o n  f a c i l i t y  (Fedorenko and Shepherd, 1985) .  

The p i l o t  p r o j e c t  o b j e c t i v e s  were t o  compare s u r v i v a l  o f  f r y  r e a r e d  on t h e  

two separa te  ground and s u r f a c e  water  s u p p l i e s .  A p i l o t  h a t c h e r y  w i t h  

r e a r i n a  c a p a c i t y  f o r  about one mi 1  l i o n  fry was c o n s t r u c t e d  a t  Mathers Creek 

i n  1980 and i n c u b a t i o n  c a p a c i t y  f o r  one m i l l i o n  f r y  was added i n  1981 

(Fedorenko and Shepherd, 1985).  

S ince  development o f  t h e  p i l o t  f a c i l i t , ~ ,  t h e  enhancement s t r a t e q y  f o r  

Mathers Creek chum salmon has been v a r i a b l e  f r o m  year  t o  year .  Budpetary  

c o n s t r a i n t s  have l i m i t e d  o p e r a t i o n  o f  t h e  p i l o t  f a c i l i t y  i n  1980, 1983 and 

1985 and t h e  s a t e l l i t i n p  approach was adapted i n s t e a d .  I n  years  when t h e  

p i l o t  f a c i l i t y  operated,  1981 and 1982, t h e  o r i a i n a l  o b j e c t i v e s  were l o s t  and 

t h e  f a c i l i t y  was r u n  u s i n p  mixed water  s u p p l i e s  t o  maximize s u r v i v a l  r a t h e r  

than  t e s t  t h e  s u i t a b i l i t y  o f  each wa te r  supp ly .  The r e s u l t  of these mixed 

s t r a t e g i e s  i s  t h a t  no cor-tclusion can be drawn r e g a r d i n g  t h e  s u i t a b i l i t y  of 

t h e  two wa te r  s u p p l i e s  a t J t h e  Mathers Creek s i t e  (Fedorenko and Shepherd, 

1985).  

4.2 P r o d u c t i o n  Targe ts  and S t a t u s  

The c u r r e n t  c a p a c i t y  of P a l l a n t  Creek h a t c h e r y  i s  about 11.5 m i l l i o n  

chum salmon and 350,000 coho salmon eaos. However, t h i s  e s t i m a t e  i n c l u d e s  2 

m i l  l i o n  chum salmon eags sate1 l i t e d  f r o m  Mathers  Creek i n  some years .  The 
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c u r r e n t  egq t a r g e t  f o r  P a l l a n t  Creek chum salmon i s  9.5 m i l l i o n  eaqs. The 

expected p r o d u c t i o n  f rom t h i s  t a r g e t  i s  171,000 adu l t s ,  based on t h e  Salmonid 

Enhancement Program (S .E .P. ) b ios tandards  f o r  sea pen r e a r i n g  o f  chum salmon. 

The S.E.P. b ios tandards  are s tandard ized  c r i t e r i a  used t o  es t imate  p roduc t i on  

o f  salmonid r ep roduc t i on  i n  the  w i l d  o r  i n  va r i ous  types o f  enhancement 

f a c i  1  i t i e s .  The c u r r e n t  eaq t a r a e t  f o r  Pa l  l a n t  coho salmon i s  350,000 which 

would r e s u l t  i n  r e t u r n s  o f  about 7500 a d u l t s .  

The c u r r e n t  c a p a c i t y  o f  t he  Mathers Creek p i  l o t  f a c i  1  i t y  i s  1.1 m i  1  l i o n  

epqs. Egg t a r g e t s  have v a r i e d  because o f  t h e  a l t e r n a t e  s t r a t e p i e s  used. 

Assuming t h a t  t h e  s tock should be enhanced a t  t h e  p i l o t  f a c i l i t y ,  t h e  egg 

t a r g e t  would be 1.1 m i l l i o n  and t h e  expected a d u l t  p roduc t i on  would he 15,800 

based on S.E.P. b ios tandards  f o r  f reshwate r  r e a r i n q  o f  chum salmon f r y .  

Ac tua l  p r o d u c t i o n  s t a t u s  o f  t he  f a c i l i t i e s  i s  shown i n  Table  4. Egq 

t a r g e t s  f o r  Pa l  l a n t  Creek have been exceeded s i nce  1984 f o r  chum salmon and 

1982 f o r  coho salmon. The eqq take  a t  Mathers Creek i n  1985 exceeded t h e  

t a r g e t  by double t he  c a p a c i t y  o f  t he  s i t e ,  bu t  i n cuba t i on  was conducted a t  

t h e  P a l l a n t  Creek f a c i l i t y .  I n  t he  e a r l ~ v  years  o f  opera t ion ,  some p ink  

salmon egqs were taken f rom P a l l a n t  and Mathers Creeks because t he  f a c i l i t i e s  

had e x t r a  space s ince  t he  chum salmon eaa takes were l i m i t e d  hy l ow  numbers 

of broodstock.  Some stee lhead egas were a lso  taken bu t  t h e  p r o v i n c i a l  

f i s h e r y  managers do no t  encouraqe f u r t h e r  enhancement o f  s tee lhead.  

5.0 MANAGEMENT ALTERNATIVES 

5.1 Issues 

A r e g u l a r  chum salmon f i s h e r y  i s  a n t i c i p a t e d  i n  the  f u t u r e  t o  ha rves t  

t h e  su rp l us  ha tchery  r e t u r n s  t o  Cumshewa I n l e t .  T h i s  f i s h e r y  was i n i t i a t e d  
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i n  1984, t h e  f i r s t  year  o f  s i g n i f i c a n t  r e t u r n s  t o  t he  hatchery,  and i t  

c o n t i n u e d  i n  1985. F u l l  p roduc t i on  from t h e  enhancement f a c i  1  i t y  has no t  y e t  

been r e a l i z e d  bu t  i s  expected i n  1987. 

Severa l  i ssues  need c o n s i d e r a t i o n  i n  choosino t h e  best  management 

s t r a t e g y  f o r  t h i s  f i she ry .  F i r s t ,  i t  i s  a  mixed stock f i s h e r y  and w i l l  

l i k e l y  have e f f e c t s  on unenhanced chum, p i nk  and coho salmon s tocks  dependin? 

on when t h e  f i s h e r y  occurs .  Second, i t  i s  d i f f i c u l t  t o  es t imate  stock s i z e  

inseason  because t h e  chum salmon ho ld  i n  t h e  i n l e t  f o r  severa l  weeks p r i o r  t o  

e n t e r  i n q  t h e  streams. Therefore,  escapement i n f o r m a t i o n  i s  no t  a  u s e f u l  

i n season  es t ima te  of r u n  s t r eng th .  Wi thout  accura te  abundance est imates,  t h e  

manaqers r i s k  t h e  p o s s i b i l i t y  o f  openinq a  f i s h e r y  which cou ld  over -harves t  

t h e  escapement t a r g e t .  Th i r d ,  f i s h  qua1 i t y  d e t e r i o r a t e s  d u r i n g  t h i s  h o l d i n g  

p e r i o d  and valb'e o f  t h e  ca tch  dec l i nes .  I n  summary, t he  problem f a c i n g  

f i s h e r i e s  manaqers i n  Cumshewa I n l e t  i s  t o  develop a  manaqement s t r a t e q y  

w h i c h  w i l l  m in im i ze  t h e  i n t e r c e p t i o n  o f  l e ss  p r o d u c t i v e  s tocks  w h i l e  

p r o v i d i n a  maximum va lue  f rom the  f i s h e r y  and ensur inp  t h a t  t he  major s tocks  

r ema in  a t  adequate l e v e l s  t o  p rov i de  gene t i c  d i v e r s i t y .  

5.2 I d e n t i f i c a t i o n  o f  Opt ions 

Severa l  f i s h e r i e s  management op t i ons  cou ld  be cons idered f o r  Cumshewa 

I n l e t .  Three o p t i o n s  chosen f o r  t h i s  a n a l y s i s  were s t a t u s  QUO manaaement, a  

q u o t a  f i s h e r y  w i t h  a  t e r m i n a l  f i s h e r y  t o  ha rves t  any surp lus,  and an e a r l y  

f i s h e r y  t o  ha rves t  f i s h  as they  a r r i v e .  The t h i r d  o p t i o n  was mod i f i ed  t o  

i n c l u d e  r e s t r i c t i o n s  which were in tended t o  m in im ize  nega t i ve  impacts. These 

o p t i o n s  a re  descr ibed  i n  t h e  follow in^ sec t i ons .  



5.2.1 Opt ion  1: S ta tus  Quo 

The manaqement s t r a t e g y  used i n  1984 a  :nd 1985 c o u l d  be cont i nued i n  t h e  

f u tu re .  Th i s  i n v o l v e s  openinp t h e  f i s h e r y  when chum salmon are a t  t h e i r  

peak abundance i n  t h e  i n l e t .  The f i s h e r i e s  manaqers have reasonable  

con f idence  t h a t  t h e r e  i s  an abundance o f  f i s h  based on t e s t  f i s h i n g  and 

taggincl  s t ud ies .  However, t h e r e  i s  some r i s k  t h a t  t h e  commercial f i s h e r y  

cou ld  over ha rves t  t h e  r un  and t he  t a r q e t  escapement would not  be met. Under 

t h e  s t a t u s  quo manaqement scenar io,  t h e  q u a l i t y  o f  t he  f i s h  would be medium 

w i t h  an average grade o f  dark red. The Mathers, Chadsey and Carmichael chum 

salmon s tocks  would a l so  be cauqht, and because t hey  are l ess  p roduc t i ve  than  

t h e  enhanced P a l l a n t  Creek stock, t hey  would l i k e l y  be over harvested.  

5.2.2 Opt-ion 2: Quota and Termina l  F i s h e r y  

Th i s  o p t i o n  a t tempts  t o  reduce t h e  ha rves t  o f  Mathers chum salmon by 

s e t t i n g  a  quota o f  30,000 p ieces on t he  f i s h e r y  d u r i n g  mid-September i n  t h e  

e a r l y  p a r t  o f  t h e  r u n  and then h a r v e s t i n g  t h e  su rp l us  P a l l a n t  Creek f i s h  

t e r m i n a l l y  i n  t h e  l a t e r  p a r t  o f  t h e  run. The 30,000 p i ece  quota was 

a r b i  t r a r i  l y  chosen w i t h  cons ide ra t  i o n  g i ven  t o  p r o v i d i n a  enouah ca tch  t o  

a t t r a c t  a  f l e e t  w h i l e  l i m i t i n a  t he  harves t  r a t e  t o  min imize impacts t o  t h e  

Mathers Creek s tock.  A1,though some Mathers f i s h  would be i n t e r c e p t e d  i n  t h e  

e a r l y  f i s h e r y ,  a  good p o r t i o n  o f  t he  run  may escape and the  s tock c o u l d  

r e b u i l d .  The su rp l us  Pa l  l a n t  Creek f i s h  would be harvested l a t e r  a t  t h e  head 

of t h e  i n l e t  t o  m in im ize  i n t e r c e p t i o n  o f  Vathers  Creek f i s h .  The f i s h  caught 

i n  t h e  auota f i s h e r y  would be b e t t e r  q u a l i t y  than i n  t he  s t a t u s  quo o p t i o n  

w i t h  an average arade o f  semi b r i g h t ,  w h i l e  f i s h  caught i n  t he  l a t e r  f i s h e r y  

would be poorer  qua1 i t y  dark pa le .  
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5.2.3 Opt ion  3 : E a r l y  F i s h e r y  

T h i s  manaqement o p t i o n  i nvo l ves  opening t h e  f i s h e r y  e a r l y  i n  t h e  r un  t o  

maximize ca tch  of b e t t e r  a u a l i t y  f i s h .  Most o f  the  f i s h  e n t e r i n q  t he  i n l e t  

would be o f  s i l v e r b r i g h t  q u a l i t y .  However, s i nce  some of t h e  ca tch  may have 

en te red  t h e  i n l e t  i n  p rev ious  weeks, t he  q u a l i t y  was assumed semi b r i g h t  as a  

conse rva t i ve  p o s i t i o n .  F i s h e r i e s  would be open f o r  1 t o  2 days each week o f  

t h e  chum salmon run .  Th is  would enable t h e  f l e e t  t o  capture f i s h  t h a t  had 

a r r i v e d  w i t h i n  t h e  week and were s t i l l  of pr ime q u a l i t y .  The f l e e t  would 

l i k e l y  concen t ra te  on t he  ou te r  p o r t i o n  o f  t h e  i n l e t  t o  i n t e r c e p t  a r r i v i n g  

f i s h .  Th i s  r e a c t i o n  of t he  f l e e t  would n e p a t i v e l y  a f f e c t  the  Mathers Creek 

s tock .  Ha rves t i nq  p ressure  would be heav ie r  on t he  Mathers stock s ince  i t  

would be f i s h e d  on a r r i v a l  t o  t h e  i n l e t  and aaain w h i l e  approachina t h e  

stream mouth., Some o f  t h e  P a l l a n t  Creek s tock would escape the  f i s h e r y  and 

h o l d  a t  t h e  head o f  t he  i n l e t  away f rom t h e  h a r v e s t i n q  pressure.  

Th i s  management s t r a t e p y  would a l so  have i m p l i c a t i o n s  on p ink  and coho 

salmon i n  Cumshewa I n l e t .  Wi th  e a r l i e r  f i s h i n g  o f  chum salmon, t h e r e  would 

be more i n t e r c e p t i o n  o f  coho, except f o r  t he  Mathers Creek coho salmon s tock  

which has a l a t e r  t i m i n q .  I n t e r c e p t i o n s  o f  p ink  salmon would a lso  inc rease  

w i t h  t h e  e a r l y  f i s h i n a  o p t i o n .  

T h i s  approach a l so  r e s u l t s  i n  a  s r e a t e r  r i s k  o f  no t  ach iev ina  t a r g e t  

escapements o f  chum salmon i n  P a l l a n t  and Mathers Creeks. The f i s h  are be ing  

harves ted  c o n t i n u a l l y  so t h e r e  i s  no quarantee t h a t  t h e  r e q u i r e d  number w i l l  

f i l t e r  th rouqh  t h e  f i s h e r y .  Th i s  f a c t o r  cou ld  be addressed by e n s u r i n ~  

adequate broodstock t o  t he  ha tchery  by s e i n i n q  them i n  the  i n l e t  p r i o r  t o  t he  

f i shery.  
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5.2.4 Opt ion  3A: E a r l y  F i s h e r y  w i t h  R e s t r i c t i o n s  

The t h i r d  o p t i o n  was mod i f i ed  s l i g h t l y  t o  i n c l u d e  r e s t r i c t i o n s  which may 

t h e  i n t e r c e p t i o n  o f  Mathers Creek chum salmon i n  t h e  Cumshewa 

. Al though t h e r e  i s  no conc lus i ve  evidence a t  t h i s  t ime, r e s u l t s  f rom 

s t u d i e s  and e l e c t r o p h o r e t i c  a n a l y s i s  suggest t h a t  a  r e l a t i v e l y  h i ghe r  

i o n  o f  Mathers Creek f i s h  are l oca ted  a long t h e  n o r t h  shore o f  Lou i se  

Th i s  o p t i o n  assumes t h a t  a  r i b b o n  boundary a long t he  n o r t h  shore of 

Lou ise  I s l a n d  imposed t o  r e s t r i c t  f i s h i n g  i n  t h e  area would r e s u l t  i n  Mathers 

Creek chum be ina  harvested a t  t h e  same r a t e  as P a l l a n t  Creek chum. 

6.0 ENHANCEMENT ALTERNATIVES 

6 .1  Issues 

F u r t h e r  enhancement has been proposed f o r  Cumshewa I n l e t  (DFO, 1985).  

The o r i a i n a l  S.E.P. p lans  i nvo l ved  equal enhancement o f  P a l l a n t  and Mathers 

Creek chum salmon s tocks.  However, because o f  the  u n c e r t a i n t y  assoc ia ted  

w i t h  water supp l i es  a t  Mathers, and t he  t e s t i n a  o f  t h e  s a t e l l i t i n p  o p t i o n  

whereby eqqs f rom t h e  Mather Creek s tock are incubated a t  t h e  P a l l a n t  Creek 

f a c i  1  i t y ,  t h e  Mathers Creek stock has rece i ved  o n l y  minor enhancement w h i l e  

t h e  P a l l a n t  Creek s tock has been f u l l y  enhanced as o r i g i n a l l y  -planned. 

Severa l  f a c t o r s  should  be cons idered i n  d e c i d i n a  t h e  bes t  s t r a t e g y  f o r  f u t u r e  

enhancement i n  Cumshewa I n l e t .  

The aues t i on  o f  whether t o  s a t e l l i t e  t h e  Mathers Creek stock f rom t h e  

P a l l a n t  Creek hatchery ,  or t o  develop a  separa te  f a c i l i t y ,  has no t  been 

reso lved .  Desp i t e  severa l  a t tempts  t o  opera te  t h e  p i l o t  f a c i l i t y ,  t h e  

s u i t a b i l i t y  o f  t he  water supply  has no t  been determined (Fedorenko and 

Shepherd, 1985). T e s t i n g  o f  t h e  s a t e l l i t i n a  o p t i o n  has been l i m i t e d  by t h e  
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i n  most years  t h a t  t h i s  o p t i o n  has been adapted. T h i s  

l s o  compl icated by d i f f i c u l t i e s  assoc ia ted  w i t h  rough weather 

occurs a t  t h e  t ime o f  egg t r a n s f e r .  

The o the r  major f a c t o r  t o  cons ider  i n  p l ann ing  an enhancement s t r a t e q y  

f o r  t h e  i n l e t ,  i s  t he  species mix.  Should a l l  s tocks and species be 

enhanced, o r  should  product  i o n  p r i m a r i  l y  focus on chum salmon? Cu r ren t l y ,  

P a l l a n t  Creek coho salmon are a l so  be ing enhanced. O r i a i n a l l l y  the  coho 

enhancement was meant t o  o f f s e t  i n t e r c e p t i o n s  i n  t he  Cumshewa chum salmon 

f i s h e r y .  I n  1985, t h e r e  was an overescapement o f  coho t o  Pal  l a n t  Creek, and 

t h i s  t r e n d  i s  expected t o  con t inue  i f  p roduc t i on  l e v e l s  are mainta ined.  

Con t i nua l  excess ive  escapement t o  t h e  system i s  no t  acceptab le  s ince i t  

rep resen t s  foreaone b e n e f i t s  o r  unneccessary cos ts .  E i t h e r  p roduc t i on  must 

be reduced t o  m a i n t a i n  t h e  stock a t  a  l e v e l  t h a t  t he  h a b i t a t  can support, o r  

these  f i s h  should be harvested.  Ha rves t i ng  su rp l us  coho i n  Cumshewa I n l e t  

would r e s u l t  i n  increased i n t e r c e p t i o n  o f  p ink  salmon. 

Enhancement p roposa ls  i n  t h e  area have a l so  i nc l uded  p ink  salmon, 

a l thouah  t h i s  adds another l e v e l  o f  comp lex i t y  t o  t he  problem. F i r s t ,  p i n k  

salmon enhancement was no t  successfu l  i n  t h e  p rev i ous  at tempts  a t  t h e  P a l l a n t  

Creek ha tchery .  P ink salmon enhancement has had v a r i a b l e  success a t  o t he r  

f a c i l i t i e s .  S u r v i v a l  a t  Punt ledge ha tchery  was c o n s i s t e n t l y  low w h i l e  

s u r v i v a l  a t  t h e  Quinsam f a c i l i t y  was i n i t i a l l y  low bu t  improved over t ime  and 

was ex t reme ly  qood i n  1986. The low p ink  salmon r e t u r n s  t o  t he  P a l l a n t  Creek 

ha t che ry  may rep resen t  e i t h e r  poor years  o f  marine s u r v i v a l  o r  u n s u i t a b l e  

c o n d i t i o n s  f o r  p ink  salmon enhancement. Second, enhancement o f  t h r e e  species 

adds cons ide rab le  comp lex i t y  t o  the  ope ra t i on  o f  the  f a c i  l i t y .  With t i m i n g  

and spac ina requ i rements  o f  severa l  species over1 appinq du r i na  va r i ous  
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l i f e s t a g e s ,  enhancement o b j e c t i v e s  f o r  one may o n l y  be met a t  t he  expense of 

t h e  o thers .  fin all.^, t h e  a v a i l a b l e  area a t  t h e  P a l l a n t  Creek s i t e  i s  

l i m i t e d .  Any major expansion would r e q u i r e  use o f  t he  area on t he  o ther  s i d e  

o f  P a l l a n t  Creek f rom t h e  e x i s t i n a  f a c i l i t y .  Th i s  would i n v o l v e  cons iderab le  

expense s ince  a  b r i d a e  would be necessary t o  cross t he  stream and t he  area 

would have t o  be c l ea red  t o  prepare t h e  s i t e  f o r  development. 

Managers a re  unable  t o  determine t h e i r  ~ o a l s  f o r  t o t a l  p o t e n t i a l  

p r o d u c t i o n  f rom Cumshewa I n l e t .  A t  p resen t  e x i s t i n g  enhancement measures are 

p r o j e c t e d  t o  produce catches o f  about 300,000 p ieces.  However, s ince  some 

Cumshewa f i s h  are captured i n  o the r  areas of t h e  Cha r l o t t es ,  a g rea te r  

abundance o f  Cumshewa f i s h  cou ld  c rea te  manaqement problems. Manaaement i n  

these areas i s  based on observed f i s h  abundance, and h i gh  numbers o f  Cumshewa 

f i s h  may mask a- low abundance o f  t h e  l o c a l  w i l d  f i s h .  Th is  problem can o n l y  

be reso l ved  by improv ing  t h e  e s t i m a t i o n  of t he  p r o p o r t i o n  o f  Cumshewa f i s h  

m i  g r a t  i n q  th rouqh  o the r  areas. However, because o f  u n c e r t a i n t y  assoc ia ted  

w i t h  t h e  manageabi 1  i t y  o f  major increases i n  Cumshewa chum salmon abundance, 

enhancement p lans  should  no t  i n v o l v e  major expansions u n t i l  t h i s  problem i s  

r eso l ved .  

6.2 I d e n t i f i c a t i o n  o f  Enhancement Opt ions 

Four enhancement op t ions ,  which would address these concerns were 

se lec ted  f o r  ana l ys i s .  The op t i ons  are d iscussed below and t h e  a d u l t  

p r o d u c t i o n  t a r g e t s  are o u t l i n e d  i n  Table 5. 



Table 5. 

Total production targets  for Pal l an t  and Mathers Creek stocks wi th  each enhancement option. 

Chum Salmon Coho Salmon Pink Salmon 
(even year) 

tw ~ d u l t s  h a s  ~ d u l t s  ~ g g s  ~ d u l t s  

Current Faci l i t i e s  

Pal 1 ant Creek 9500000 171000 350000 7600 0 0 

Mathers Creek 1100000 15800 0 0 0 0 

Option E l  (Expand both f ac i  1 i t i e s )  

Pal 1 ant Creek 13500000 243000 550000 12000 5000000 100000 

Mathers Creek 3900000 55800 164000 2000 2500000 50000 

Braverman Creek 0 0 164000 2000 0 0 

Opt ion E2 (Expbnd Mathers Creek f ac i  1 i t y )  

Pal 1 ant Creek 11000000 198000 158000 3400 

Mathers Creek 10000000 144000 200000 2440 

Braverman Creek 200000 2440 

Option E3 (Expand Pal l an t  Creek f a c i l i t y  t o  sate1 l i t e  Mathers Creek stocks) 

Pal l an t  Creek 9500000 171000 158000 3400 0 0 

Mathers Creek 5000000 72000 200000 2440 0 0 

Braverman Creek 0 0 200000 2440 0 0 

Option E4 (Expand Pal l an t  Creek f ac i  1 i ty t o  sate1 1 i t e  Mathers Creek stocks and increase 
coho salmon production) 

Pal l an t  Creek 8700000 157000 925000 20000 

Mathers Creek 5000000 72000 200000 2440 

Braverman Creek 200000 2440 
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6.2.1 Enhancement O p t i o n  E l :  O r i p i n a l  Expans ion Proposa l  

T h i s  o p t i o n  i s  t h e  p roposa l  f o r  expans ion i d e n t i f i e d  i n  t h e  Salmon 

Resource Management P l a n  (DFO, 1985). It i n v o l v e s  expans ion o f  b o t h  P a l  l a n t  

and Mathers  Creek f a c i l i t i e s .  Chum, coho and p i n k  salmon f rom b o t h  systems 

would be enhanced, and coho salmon f r o m  P a l l a n t  Creek would be used t o  

c o l o n i z e  Braverman Creek. The enhancement focus  i s  on chum and p i n k  salmon. 

A d d i t i o n a l  chum salmon p r o d u c t i o n  would supplement p r o d u c t i o n  f r o m  t h e  

e x i s t i n a  f a c i l i t i e s ,  a l though  t h e  r e l a t i v e  p r o d u c t i o n  o f  P a l l a n t  and Mathers  

Creeks would c o n t i n u e  t o  be imbalanced. Enhancement o f  p i n k  salmon would 

ex tend  t h e  f i s h i n g  p e r i o d  i n  t h e  area s i n c e  p i n k  salmon a r r i v e  a  month 

e a r l i e r  than  chum salmon. Coho salmon p r o d u c t i o n  was i n c l u d e d  t o  compensate 

f o r  t h e  p r o j e c t e d  i n c r e a s e  i n  i n t e r c e p t i o n s  o f  coho i n  bo th  p ink  and chum 

salmon f i she r i ces .  

6.2.2 Enhancement O p t i o n  E2: Mathers Creek Expansion 

The second enhancement o p t i o n  i n v o l v e s  expans ion o f  Mathers Creek 

h a t c h e r y  o n l y .  I t  would focus  on chum salmon t o  p r o v i d e  a  more ba lanced 

enhancement o f  P a l  l a n t  and Mathers  Creek chum salmon s tocks .  Mathers Creek 

coho salmon would a1 so be enhanced t o  w i t h s t a n d  inc reased  i n t e r c e p t  i ons .  

P ink  salmon a re  n o t  incduded i n  t h i s  enhancement o p t i o n .  There would a l s o  be 

a minor  amount o f  i n c r e a s e d  p r o d u c t i o n  o f  P a l l a n t  Creek chum salmon because 

some o f  t h e  c u r r e n t  c a p a c i t y  a t  t h e  P a l  l a n t  Creek f a c i l i t y  has been used f o r  

sa te1  1  i t i n a  Mathers s tocks .  Some coho salmon p r o d u c t  i o n  a t  t h e  P a l  1  ant  Creek 

f a c i l i t y  would be r e d i s t r i b u t e d  t o  c o l o n i z e  Braverman Creek. 
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6.2.3 Enhancement Op t i on  E3: P a l l a n t  Creek Expansion 

T h i s  enhancement o p t i o n  i nvo l ves  expansion o f  t h e  e x i  s t i n a  Pal 1  an t  Creek 

f a c i l i t y .  The expansion i s  l i m i t e d  by t he  a v a i l a b l e  space a t  the  s i t e .  I t  

i s  no t  cos t  e f f e c t i v e  t o  b u i l d  on t h e  o the r  s i de  o f  t h e  r i v e r  u n t i l  a  major 

expansion i s  proposed. However, s ince f i s h e r i e s  managers are unce r t a i n  as t o  

whether a s u b s t a n t i a l  i nc rease  i n  Cumshewa chum salmon would c r e a t e  

manaaement problems i n  o ther  areas of t h e  Cha r l o t t es ,  a  major expansion i s  

no t  adv isab le .  

I n  t h i s  op t ion ,  expansion o f  t h e  P a l l a n t  Creek f a c i l i t y  i s  focussed on 

i n c r e a s i n q  t h e  c a p a c i t y  f o r  sate1 li t i n a  Mathers chum salmon on t h e  ex i  s t i n a  

s i t e .  Th is  s t r a t e a y  i s  meant t o  p rov i de  a  b e t t e r  balance between P a l l a n t  and 

Mathers stocks,  a l l o w i n p  t 

a lso  be enhanced and sate1 

Creek coho salmon would 

excess ive escapement t o  Pa 

le Mathers s tock t o  increase.  Mathers coho would 

i t e d  t o  t h e  Pal  l a n t  Creek f a c i l i t y .  Some Pal  l a n t  

be t r ansp lan ted  t o  Rraverman Creek, t o  reduce 

l a n t  Creek. Exper imenta l  smal l  s ca le  pink salmon 

enhancement o f  t he  P a l t a n t  Creek even year stock i s  a lso  inc luded  i n  t h i s  

p roposa l .  The r a t i o n a l e  f o r  i n c l u d i n g  p ink  salmon i n  t h i s  proposal  i s  t o  

determine t h e  f e a s i b i  1  i t y  o f  enhancing t h i s  species.  

6.2.4 Enhancement O p t i ~ n  E4:  Coho Salmon P roduc t i on  

Th is  o p t i o n  t e s t s  t h e  proposal  t o  inc rease  coho salmon p roduc t i on  f rom 

P a l l a n t  Creek t o  a  l e v e l  where a  ne t  f i s h e r y  cou ld  be t a r g e t t e d  on these 

f i s h .  P roducCion  of P a l l a n t  chum salmon would have t o  be reduced t o  

accommodate t h e  a d d i t i o n a l  coho salmon because o f  t h e  l i m i t e d  space f o r  

expansion a t  P a l l a n t  Creek. Th is  o p t i o n  i n v o l v e s  a  management dec i s i on  t o  

fo rao  p ink  salmon p roduc t i on  i n  Cumshewa I n l e t ,  s i nce  i t  i s  l i k e l y  t h a t  p ink  
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salmon s tocks  would d e c l i n e  due t o  i n t e r c e p t i o n s  i n  t he  coho salmon f i s h e r y .  

S ince coho and chum salmon would be t he  major species harvested i n  t h e  area, 

it was decided t h a t  t h e  Mathers Creek chum salmon stock should a lso  be 

enhanced f u r t h e r  t o  ensure i t s  v i  ab i  1  i t y .  Therefore,  t h e  sate1 1  i t i n p  o p t i o n  

i n v o l v i n g  i ncuba t i on  of Mathers Creek salmon eaas a t  t h e  P a l l a n t  Creek 

ha t che ry  was i nc l uded  i n  t h i s  example. 

F i s h e r i e s  management would i n v o l v e  a  smal l  coho net  f i s h e r y  i n  Cumshewa 

I n l e t  i n  l a t e  Aupust. The f l e e t  would be drawn t o  t he  area s l i g h t l y  e a r l i e r  

than normal f o r  t h e  chum salmon f i s h e r y ,  and would then be present  f o r  an 

e a r l y  chum f i s h e r y .  The coho f i s h e r y  cou ld  a l so  p rov i de  i n f o r m a t i o n  

reaard ina  a r r i v a l  o f  t h e  chum stocks.  S ince p ink  salmon i n t e r c e p t i o n s  are 

no t  a  concern w i t h  t h i s  management approach, t h e  e a r l y  chum salmon f i s h e r y  

would be acceptab le  except f o r  problems assoc ia ted  w i t h  t he  Mathers chum 

stock.  

7.0 EVALUATION METHODS AND CRITERIA 

7 . 1  B i o l o g i c a l  Model l i n s  

A mixed-s tock f i s h e r i e s  computer model was used t o  s imu la te  t h e  s tock 

and f i s h e r i e s  dynamics assoc ia ted  w i t h  each of t he  management and enhancement 

o p t i o n s  i d e n t i f i e d  f o r  Cumshewa I n l e t  (S ta l ey ,  1985) .  I t  inc ludes  severa l  

aspects o f  t h e  p o p u l a t i o n  b i o l o a y  o f  salmon, such as s imple s t ock - rec ru i tmen t  

r e l a t i o n s h i p s ,  age s t r u c t u r e ,  m ig ra t i on ,  and r e l a t i v e  v u l n e r a b i l i t i e s  o f  

s tocks t o  va r i ous  f i s h i n a  s t r a t e a i e s .  The major dynav ics  o f  f i s h e r i e s  such 

as t h e i r  p a u n t l e t  behav ior ,  t h e  i n t e r c e p t i o n  o f  non t a r q e t  s tocks and t h e  

r e l a t i v e  p r i c e  and q u a l i t y  o f  va r i ous  h a r v e s t i n a  s t r a t e g i e s  are a l s o  

represen ted  i n  t h e  model. The model was used t o  p r o j e c t  catch by stock i n  

each f i s h e r y  and escapement by s tock over a  40-year pe r i od .  
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The model can account f o r  t h e  e f f e c t s  of enhanced p roduc t i on  on n a t u r a l  

s t ocks  i n  a  f i s h e r y .  I f  severa l  s tocks  a re  vu l ne rab le  t o  t he  f i s h e r y ,  and 

t h e  f i s h e r y  i s  manaued t o  harves t  t h e  enhanced f i s h ,  as i s  the  case i n  

Cumshewa I n l e t ,  t h e  w i l d  s tocks w i t h  lower p r o d u c t i v i t i e s  w i l l  l i k e l y  be 

overharvested.  Th i s  presumed r e d u c t i o n  i n  w i l d  popu la t i ons  r e s u l t s  i n  

foregone p r o d u c t i o n  and represen ts  some o f  t h e  o p ~ o r t u n i t y  cos t  o f  

enhancement. 

The model a l s o  accounts f o r  u n c e r t a i n t y  i n  bo th  t h e  b i o l o g i c a l  and 

ha rves t  dynamics. The p r o d u c t i v i t y  o f  t h e  s tocks inc ludes  a  s t o c h a s t i c  

component which i s  based on t he  var iance  o f  t h e  est imated r e c r u i t s  per  

spawner. Th i s  s imu la tes  r ec ru i tmen t  v a r i a b i l i t y  s i m i l a r  t o  t h a t  which would 

occur  i n  response t o  v a r i  ab le  env i ronmenta l  c o n d i t i o n s .  

U n c e r t a i t l t y  i n  f i s h e r i e s  manaaement can r e s u l t  i n  e i t h e r  over h a r v e s t i n g  

o r  over escapement o f  s tocks.  The model s imu la tes  t h e  u n c e r t a i n t y  i n  

manapement by i n c o r p o r a t i n g  a  f i s h e r y  w i t h  a  v a r i  ab le  harves t  r a t e  depending 

on f i s h  abundance. Wi th  low f i s h  abundance, s tocks  would be over harvested 

and f u t u r e  p r o d u c t i o n  would be forpone.  I f  f i s h  abundance i s  high, t h e r e  may 

be over escapement o f  some s tocks.  The su rp l us  escapement would represen t  

foregone ca t ch  and would no t  c o n t r i b u t e  t o  f u t u r e  p roduc t i on  s ince  i t  

presumably exceeds t h e  c a p a c i t y  o f  the  system. 

The Cumshewa I n l e t  a n a l y s i s  model i s  based on 15 s tocks and 9 

f i s h e r i e s .  The s tock i n f o r m a t i o n  i s  summarized i n  Table  6. The w i l d  and 

enhanced components o f  t h e  P a l l a n t  and Mathers Creek salmon s tocks a re  

t r e a t e d  sepa ra te l y  t o  r e f l e c t  t h e i r  d i f f e r e n t  p r o d u c t i v i t i e s .  It was assumed 

t h a t  t h e  su rp l us  escapement o f  enhanced s tocks would spawn w i t h  the  w i l d  



Table 6. Summary o f  stock da ta  used f o r  b i o l o g i c a l  model1ing.a 

Salmon Stock Name Average Var iance i n  Target  
p r o d u c t i v i t y b  P r o d u c t i v i t y  Escapementc 

P a l l a n t  Creek Chum 1.53 2 .OO 30000 

P a l l a n t  Creek Enhanced Chum 21.15 1 .OO 8085 

Mathers Creek Chum 1.53 2 .OO 20000 

Mathers Creek Enhanced Chum 16.92 1.50 934 

Other  Chum 1.53 2 .OO 6000 

P a l l a n t  Creek Pink 1.7 1 .90 75000 

P a l l a n t  Creek Enhanced Pink 13.2 1.00 0 

Mathers Creek P ink  1.7 1.90 50000 

Mathers Creek Enhanced Pink 13.2 1 .OO 0 

P a l l a n t  Creek Coho 2.25 2.00 4000 

Pa l  1 ant Creek Enhanced Coho 27 1 .OO 280 

Mathers Creek Coho 2.25 2 .OO 7500 

Mathers Creek Enhanced Coho 15.25 1 .OO 0 

Other Coho 2.25 2.00 200 

Other  Enhanced Coho , 15.25 1 .OO 0 

Notes : 
a Escapement da ta  f o r  each stock were a l so  i n p u t  t o  t he  model based on 

escapements i n  T a b l e  1. Escapement o f  enhanced s tocks  were based on 
number o f  eqgs taken, d i v i d e d  by average f e c u n d i t y  and doubled assuming 
a one t o  one sex r a t i o .  

Ape s t r u c t u r e  o f  a l l  chum salmon s tocks  was assumed t o  be 27% age 3, 
71% age 4, and 2% age 5. Ape s t r u c t u r e  o f  a l l  coho salmon s tocks was 
assumed t o  be 99% age 3 and 1% age 4. 

c Ta rge t  escapements f o r  enhanced s tocks  r e f l e c t  t h e  s t a t u s  quo o p t i o n .  
These t a r g e t s  were mod i f i ed  as necessary f o r  each op t i on .  
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s tock i n  t h e  r i v e r  of o r i g i n .  The p r o d u c t i v i t y  o f  these surp lus  f i s h  was 

assumed equal  t o  t h a t  of t h e  w i  I d  stock.  

The f i r s t  t h r e e  f i s h e r i e s  represen t  i n t e r c e p t i o n s  o f  Cumshewa s tocks i n  

o t h e r  f i s h e r i e s .  Management s t r a t e g i e s  used i n  t h e  model are based on 

averaae es t imates  o f  ha rves t  r a t e s  on t h e  Cumshewa s tocks.  The f i r s t  i s  t h e  

Alaskan f i s h e r y  where harves t  r a t e s  of lo%, 5% and 1% occur on Cumshewa p ink,  

coho and chum salmon r e s p e c t i v e l y .  The second f i s h e r y  r ep resen t s  

i n t e r c e p t i o n s  i n  Canadian t r o l l  and ne t  f i s h e r i e s  i n  Areas 1 and 3.  Harvest  

r a t e s  i n  t h i s  f i s h e r y  were assumed t o  be 23% on coho salmon, 6% on p i nk  

salmon and 1% on chum salmon. The t h i r d  f i s h e r y  accounts f o r  i n t e r c e p t i o n s  

o f  Cumshewa chum salmon i n  o ther  Area 2E and 2W f i s h e r i e s .  Mark- recovery  

i n f o r m a t i o n  suqaests a  harves t  r a t e  i n  t h e  o rder  o f  10% on Cumshewa chum 

salmon. 

The nex t  two f i s h e r i e s  r ep resen t  t h e  Cumshewa I n l e t  p ink  salmon 

f i s h e r y .  However, s i nce  p ink  salmon s tocks are a t  low l e v e l s ,  t h i s  f i s h e r y  

has no t  operated r e c e n t l y  and i s  no t  expected t o  i n  t he  f u t u r e  un less p i nk  

salmon s tocks  are r e b u i l t  o r  enhanced. These f i s h e r i e s  were set  t o  ha rves t  

r a t e s  o f  zero f o r  t h e  manaqement op t ions .  

The s i x t h  f i s h e r y  i s  t h e  coho salmon s p o r t  f i s h e r y  i n  Cumshewa I n l e t  and 

i n  t he  r i v e r s .  _Based on l i m i t e d  data, ha rves t  r a t e  on coho salmon was 

es t imated  a t  10% i n  t he  spo r t  f i s h e r y .  

The l a s t  t h r e e  f i s h e r i e s  represen t  t h e  Cumshewa I n l e t  chum salmon 

f i s h e r y .  D i f f e r e n t  s t r a t e g i e s  were used f o r  these t h r e e  f i s h e r i e s  t o  r e f l e c t  

t h e  va r i ous  management s t r a t e a i e s  assoc ia ted w i t h  each op t i on .  I n  t h e  s t a t u s  

quo op t i on ,  t he  seventh f i s h e r y  i s  a v a r i a b l e  t e s t  f i s h e r y  which s imu la tes  

t h e  u n c e r t a i n t y  i n  e s t i m a t i n q  f i s h  abundance. The e i g h t h  f i s h e r y  i s  managed 
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t o  an escapement t a r a e t  o f  50,000 chum salmon. Pink salmon are n o t  

s u s c e p t i b l e  t o  these f i s h e r i e s ,  bu t  coho salmon are assummed t o  have a  

v u l n e r a b i l i t y  o f  0.4. Q u a l i t y  o f  t h e  chum salmon i n  these f i s h e r i e s  i s  dark 

red .  I n  o p t i o n  2, t h e r e  i s  no t e s t  f i s h e r y  and t h e  e i a h t h  f i s h e r y  i s  t h e  

quota f i s h e r y ,  which i s  managed t o  a  ca tch  l i m i t  o f  30000 chum salmon. The 

l a s t  f i s h e r y  i s  t h e  t e rm ina l  f i s h e r y  which harves ts  t o  t he  escapement t a r q e t  

of 38000, t o  p r o v i d e  adeauate escapement t o  P a l l a n t  Creek f o r  n a t u r a l  

spawning and broodstock f o r  t h e  hatchery .  Only  w i l d  and enhanced P a l l a n t  

Creek chum salmon are suscep t i b l e  t o  t h i s  t e rm ina l  f i s h e r y .  O u a l i t y  o f  t h e  

ca t ch  i s  semi b r i a h t  i n  t h e  quota f i s h e r y  and dark p a l e  i n  t h e  t e rm ina l  

f i s h e r y .  Op t ion  3 management s t r a t e a i e s  resemble the  s t a t u s  quo, except t h a t  

s i nce  t h e  f i s h e r i e s  occur e a r l i e r  they  are more l i k e l y  t o  i n t e r c e p t  p ink  and 

coho salmon. The v u l n e r a b i l i t y  o f  p ink  salmon was es t imated  a t  0.5. The 

v u l n e r a b i l i t y  o f  P a l l a n t  and the  o the r  sma l le r  coho salmon s tocks was 

remained a t  0.4 as .in t he  s t a tus  quo because i t  has a  l a t e r  

no t  1  i k e l y  have increased i n t e r c e p t  ions.  The qua1 i t-y o f  

ca t ch  i n  these f i s h e r i e s  was c o n s e r v a t i v e l y  es t imated  as sem 

es t imated  a t  0.6 w h i l e  t h e  v u l n e r a b i l i l t y  o f  Mathers Creek coho salmon 

t i m i n q  and would 

chum salmon the  

7.2. B e n e f i t  Cost A n a l y s i s  

7.2.1. P r i c e  P r o j e c t i o n s  

i b r i g h t .  

P r i c e s  were based on p r i c e  p r o j e c t i o n s  f rom a  computer model developed 

by t h e  Reaional  P lann ina  and Economics Branch of  DFO. Th is  model cons iders  

p r i c e  as a  f u n c t i o n  o f  wo r l d  supp ly  o f  salmon from major  salmon p roduc ing  

coun t r i es ,  cbanqe i n  consumer incomes and p r i c e  o f  compet ing p roduc ts .  

Consumer incomes were found t o  be t h e  major f a c t o r  d r i v i n g  demand. S ince  
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Canada i s  a  p r i c e - t a k e r  i n  t h e  w o r l d  market,  i t  was assumed t h a t  i nc rementa l  

p r o d u c t i o n  f r o m  s tock  r e b u i l d i n a  o r  enhancement would no t  a f f e c t  p r i c e .  

Net who lesa le  p r i c e s  were used i n  t h i s  b e n e f i t  c o s t  a n a l y s i s .  Th is  n e t  

wholesa le  p r i c e  r e p r e s e n t s  t h e  aross wholesa le  p r i c e  minus h a r v e s t i n p  and 

p r o c e s s i n g  c o s t s .  H a r v e s t i n g  and p r o c e s s i n g  c o s t s  v a r i e d  by spec ies  and 

arade b u t  were assumed cons tan t  over t ime.  These c o s t s  were based on average 

v a r i a b l e  c o s t s  because i t  was assumed t h a t  t h e  e x i s t i n g  c a p i t a l  investment  

i n  boats  and p rocess ina  f a c i l i t i e s  was adequate t o  handle t h e  inc rementa l  

ca tch .  

Net wholesa le  p r i c e s  were cons idered t o  be t h e  bes t  e s t i m a t e  of t o t a l  

b e n e f i t  t o  Canadians, s i n c e  t h e  m a j o r i t y  o f  t h e  p roduc t  i s  expor ted  and t h i s  

p r i c e  cap tu res  n e t  b e n e f i t s  acc ru ina  t o  f ishermen and processors .  

P r i k e s  a re  es t ima ted  by, spec ies  and broad p roduc t  c a t e g o r i e s  

( f r e s h l f r o z e n  o r  cannned) and then by prade f o r  chum salmon: s i l v e r  b r i a h t ,  

semi b r i p h t ,  dark r e d  and dark pa le .  E s t i m a t i o n  o f  these p r i c e s  i s  d i f f i c u l t  

because processors  are  ve ry  s e c r e t i v e  about p roduc t  t y p e  and grading,  s i n c e  

t h e y  want t h e  f l e x i b i l i t y  t o  make inseason ad justments  depending on t h e  

supp ly  o f  f i s h  and market demand. The model does n o t  account f o r  these 

changes i n  p r o d u c t  shares whether a  f i s h  i s  s o l d  as f r o z e n  o r  canned. 

A l thouqh  p r i c e s  are  a e n e r a l l y  p r o j e c t e d  t o  i n c r e a s e  over 1 5  years ,  t h e  
5 

f o r e c a s t i n g  model i n c l u d e s  a  random v a r i a b l e  which generates unexpected 

f l u c t u a t i o n s .  These f l u c t u a t i o n s  c o u l d  r e s u l t  due t o  unexpected changes i n  

supp ly  o f  o t h e r  major  producers .  The s t o c h a s t i c  component o f  t h e  economic 

model adds v a r i a b i l i t y  t o  p r o d u c t i o n  from t h e  A laskan market because Alaska 
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produces about h a l f  o f  t h e  w o r l d ' s  salmon and i t s  p roduc t i on  has a  

s i g n i f i c a n t  a f fec t  on wo r l d  p r i c e s .  

The p r i c e  f o r  spo r t  caught coho salmon was es t imated  from averaae 

w i l  l i ngness  t o  pay per  ang le r  day ($40/day) and t h e  average ca tch  per  ang le r  

day ( 1 / 2  f i s h  /day) .  There are no s p o r t  f i s h e r y  e f f o r t  da ta  a v a i l a b l e  f o r  

Cumshewa I n l e t  so averages f o r  t h e  B.C.coast were used. Th i s  es t imate  i s  

l i k e l y  h i g h  s i nce  i t  app l i es  averaqe p r i c e  r a t h e r  than marq ina l  p r i c e  and 

because t h e  l i m i  t e d  i n c i d e n t a l  i n f o rma t i on  f rom spo r t  f ishermen i n  t h e  area 

suaqest t h a t  average ca tch  i s  more than h a l f  a  f i s h  per day. 

7.2.2. B e n e f i t  P r o j e c t i o n s  

Est imates o f  p r o j e c t e d  catch f rom t h e  mixed s tock f i s h e r y  model and 

es t imates  of ne t  wholesa le  p r i c e s  f rom the  econometr ic demand model were used 
/ 

t o  es t ima te  t he  va lue  o f  b e n e f i t s  expected f rom each op t i on .  The r e s u l t s  o f  

t h e  b i o l o g i c a l  rnode l l i nq  p rov ided  ca tch  by spec ies by qua1it.y p r o j e c t e d  f o r  

40 years .  

S ince p r i c e s  represen t  d o l l a r s  per k i  loaram, averape weight  o f  each 

spec ies was used t o  conver t  commercial ca t ch  i n t o  k i l op rams:  

where VB( t )  i s  va lue  of b e n e f i t s  i n  year t 

C(s,q, t )  i s  ca tch  by species by q u a l i t y  i n  year  t 

W(s) i s  averape weiqht  by species 

P(s,a, t )  i s  p r i c e  by species by q u a l i t y  i n  year  t 

Values f o r  spo r t  cauqht coho salmon were based on a  p r i c e  o f  $80 per  f i s h .  
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The inc rementa l  va lue  o f  each o p t i o n  was determined by s u b t r a c t i n g  t h e  

b e n e f i t s  expected w i t h  t he  s t a t u s  quo f rom the  b e n e f i t s  expected w i t h  each 

o p t i o n .  

VB(opt)  = VB(opt) - VB(sta tus quo) 

The p resen t  va lue  o f  t h e  incrementa l  b e n e f i t  o f  each o p t i o n  was c a l c u l a t e d  

us i ng  d i scoun t  r a t e s  o f  5, 10, and 15 %. 

I t  

I n l e t  f 

are no t  

7.2.3 Cost A n a l y s i s  

i s  d i f f i c u l t  t o  assess 

i s h e r i e s  management s ince  

eas i  l y  separated f o r  i n d  

management cos t s  assoc ia ted w i t h  Cumshewa 

i t  i s  p a r t  o f  a  s t a t i s t i c a l  area and cos t s  

i v i d u a l  components w i t h i n  an area. A l though 

cos t s  should be separated t o  determine t h e  cos t  e f f e c t i v e n e s s  o f  c u r r e n t  

management o f  t he  f i s h e r i e s ,  t h i s  was no t  w i t h i n  t he  scope o f  t h i s  ana l ys i s .  
/ 

Here, i t  i s  assumed t h a t  t he  same amount o f  do1 l a r s  w i  11 con t inue  t o  be spent 

i n  Cumshewa I n l e t .  Each o p t i o n  i s  eva lua ted  w i t h  respec t  t o  the  inc rementa l  

change i n  cos t s  compared t o  c u r r e n t  manaqement. The r e s u l t s  o f  t h e  cos t  

a n a l y s i s  w i l l  i n d i c a t e  whether more o r  l ess  d o l l a r s  w i l l  be r e q u i r e d  f o r  

management assoc ia ted  w i t h  each op t i on .  A l l  ana l ys i s  i s  r e l a t i v e  s i nce  some 

manapement a c t i o n  w i l l  be taken i n  t h i s  s tudy area. 

7.2.4. B e n e f i t  Cost Ana l ys i s  

The ne t  va lue  o f  each o p t i o n  was c a l c u l a t e d  by s u b t r a c t i n q  t h e  

inc rementa l  cos t s  f rom the  incrementa l  b e n e f i t s .  The ne t  present  va lue  (NPV) 

o f  each o p t i o n  was determined us ing  5 ,  1 0  and 15% d i scoun t  r a t e s .  
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Rank r a t i o s  were a l so  c a l c u l a t e d  f o r  each o p t i o n  and d iscoun t  r a t e  as an 

i n d i c a t i o n  of cos t  e f f e c t i v e n e s s .  Rank r a t i o s  represen t  t he  r a t i o  between 

va lue  o f  b e n e f i t s  and qovernment do1 l a r  spent.  The r a t i o  can be used i n  

choos ing arnonq severa l  p r o j e c t s  when t h e r e  are budget c o n s t r a i n t s .  

7.3 E v a l u a t i o n  C r i t e r i a  

The o b j e c t i v e  of t h i s  manaaement p l a n  i s  t o  p r o v i d e  d i r e c t i o n  f o r  

f i s h e r i e s  manaqers t o  e f f e c t i v e l y  manage t h e  salmon resources o f  Cumshewa 

I n l e t  p r o v i d i n g  maximum long- term economic b e n e f i t s  t o  Canadians. Th is  broad 

s ta tement  i n v o l v e s  two major components: t h e  s t a t u s  o f  t h e  resource, and t h e  

economic va lue  rece i ved  f rom it. These two c r i t e r i a  were used t o  eva lua te  

t h e  va r i ous  manaqement ,and enhancement op t i ons .  

Each management and enhancement o p t i o n  i s  eva lua ted  based on the  r e s u l t s  
/ 

o f  t h e  b i o l o a i c a l  mode l l i na  and b e n e f i t  cos t  a n a l y s i s  as we11 as 

c o n s i d e r a t i o n  o f  o t he r  f a c t o r s  which were no t  accounted f o r  by these more 

q u a n t i t a t i v e  methods. The most c r i t i c a l  r e s u l t s  o f  t h e  ana l ys i s  are t he  

p r o j e c t e d  escapement t r ends  f o r  each s tock and t h e  ne t  p resen t  va lue  

es t imated  f rom the  b e n e f i t  cos t  ana l ys i s .  Stock escapement t rends  r e f l e c t  

t he  c o n d i t i o n  o f  t h e  s tock and i t s  a b i l i t y  t o  p rov i de  f u t u r e  b e n e f i t s .  

Under escapement i n d i c a t e s  a  l oss  o f  f u t u r e  p roduc t i on  f rom a  s tock and over  
\ 

escapement r e p r e s e v t s  foregone catch.  The economic va lue o f  t he  o p t i o n s  

r e f l e c t s  t h e  r e l a t i v e  b e n e f i t s  t o  be achieved f rom each op t i on .  

Th i s  a n a l y s i s  cons iders  these i n d i c a t o r s  and o ther  r e l e v a n t  f a c t o r s  i n  

recommendinq t h e  o p t i o n  which best  meets t h e  o b j e c t i v e s .  There a re  

t r a d e - o f f s  t h a t  a l so  have t o  be cons idered.  
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S p e c i f i c  e v a l u a t i o n  c r i t e r i a  used i n  t h i s  ana l ys i s  are:  

1 )  t h e  b e n e f i t  cos t  a n a l y s i s  as measured by t h e  incrementa l  change i n  ne t  

p resen t  va lue  (NPV) f rom t h e  s t a t u s  quo, 

2 )  c o s t  e f fec t i veness  as measured by t h e  rank r a t i o ,  

3 )  t h e  a b i l i t y  t o  achieve t a r a e t  escapements i n  bo th  P a l l a n t  and Mathers  

Creek s tocks  as measured by t he  p r o j e c t e d  escapement as a  percent  o f  

t a r g e t ,  

4)  t h e  f i s h i n g  season c h a r a c t e r i s t i c s  i n c l u d i n p  average catch, t i m i n g  and 

du ra t i on ,  and f i s h  q u a l i t y ,  and 

5 )  t h e  r i s k s  i nvo l ved  w i t h  each op t i on .  

8.0 EVALUATION OF MANAGEMENT OPTIONS 

8.1,' Resu l t s  o f  B i o l o a i c a l  Model 1  i n g  
,' 

Resu l t s  o f  t h e  s i m u l a t i o n  mode l l i nq  i n d i c a t e  t h a t  t h e  management 

s t r a t e g i e s  assoc ia ted  w i t h  each o p t i o n  had d i f f e r e n t  e f f e c t s  on escapement 

t rends  p r o j e c t e d  f o r  Cumshewa I n l e t  s tocks.  P a l l a n t  Creek chum salmon were 

p r e d i c t e d  t o  exceed t a r a e t  escapement under t he  s t a t u s  quo ( o p t i o n  1 )  and 

e a r l y  f i s h e r y  ( o p t i o n  3  and 3A) o ~ t i o n s  bu t  would have an average escapement 

a t  t h e  t a r g e t  l e v e l  o f  30,000 spawners w i t h  o p t i o n  2, which inc fudes  t h e  

quota and t e r m i n a l  f i s h e r i e s  ( F i a u r e  3 ) .  Escapement o f  Mathers chum salmon 
> 

was p r e d i c t e d  t o  averaqe l ess  than  5,000 spawners w i t h  s t a tus  quo management 

( F i g u r e  4 ) .  I n  o p t i o n  2, Mathers chum salmon s tocks would r e b u i l d  w i t h i n  5 

years  and con t i nue  t o  increase,  exceeding the  t a r g e t  o f  20,000 spawners 

( F i g u r e  4 ) .  The manaqement s t r a t e a y  o f  h a r v e s t i n g  t h e  f i s h  as they a r r i v e  i n  

t h e  i n l e t  ( o p t i o n  3 ) i s  p r o j e c t e d  t o  r a p i d l y  d r i v e  t he  Mathers chum salmon 

s tock  t o  e x t i n c t i o n  un less area r e s t i c t i o n s  prove t o  be successfu l  ( o p t i o n  
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3 A )  i n  r educ ing  ha rves t  r a t e s  on Mathers chum salmon (F i gu re  4 ) .  The 

Carmichael and Chadsey chum salmon s tocks  are p r e d i c t e d  t o  become e x t i n c t  i n  

o p t i o n s  1 and 3, bu t  would be ma in ta ined  a t  low l e v e l s  i n  o p t i o n  2. 

P ink salmon s tocks  are no t  l i k e l y  t o  be a f f e c t e d  by op t i ons  1 and 2  

because t h e  Cumshewa chum salmon f i s h e r i e s  occur a f t e r  the  pink salmon have 

en te red  t h e i r  spawning streams. Under these manaqement cond i t i ons ,  even year 

p i nk  salmon escapements t o  Pal  l a n t  Creek are p r o j e c t e d  t o  average 62,000 

spawners compared t o  a  t a r g e t  of 75,000 ( F i a u r e  5 ) .  Mathers even year p i nk  

salmon escapements are p r e d i c t e d  t o  inc rease  bu t  would no t  achieve t h e i r  

t a r a e t  o f  50,000 spawners w i t h i n  40 years  (F i qu re  6 ) .  Pink salmon 

escapements t o  bo th  systems are p r o j e c t e d  t o  d e c l i n e  under the  management 

c o n d i t i o n s  i n  o p t i o n  3 and 3 A  (F i gu res  5  and 6 ) .  The model p r o j e c t s  

rebui ld, ing o f  t he  odd year p ink  salmon s tocks i n  bo th  P a l l a n t  and Mathers 
/ 

Creeks. However, r e b u i l d i n q  of t h e  odd year  s tocks  i s  u n l i k e l y  s ince  these 

s tocks  have no t  had s i p n i f i c a n t  harves t  pressures i n  t he  pas t  and have n o t  

shown any i n d i c a t i o n  o f  r e b u i l d i n a .  These s tocks  may have lower p r o d u c t i v i t y  

r a t e s  than t h e  even-year stocks,  but  the  model assumes the  same r a t e  of 

r e t u r n  f o r  bo th  runs. Therefore, t h e  p r o j e c t e d  t r end  i s  no t  l i k e l y  

r e p r e s e n t a t i v e  o f  f u t u r e  odd-year p ink  salmon ~ r o d u c t  ion.  

The p r o j e c t e d  coho salmon escapements t o  Pal  l a n t  Creek are d i f f e r e n t  f o r  

each op t i on .  Under s t a t u s  quo cond i t i ons ,  escapement would averaae about 

7,500 spawners ( F i g u r e  7 ) .  I n  o p t i o n  2, coho salmon escapements would be 

h iqher ,  averaq inq  10,500 spawners, s ince  the  main chum salmon f i s h e r y  would 

occur a t  t he  end o f  t he  coho salmon run .  Coho salmon escapement i s  p r o j e c t e d  

t o  averaqe 6,000 spawners under the  o p t i o n  3 management scenar io  and 5,800 if 
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the  r e s t r i c t i o n  o p t i o n  i s  imposed (F igu re  7) .  Escapement o f  coho salmon t o  

Mathers Creek i s  p ro jec ted  t o  be s i m i l a r  i n  opt ions 1, 3  and 3A, averaging 

about 2,200 spawners (F igu re  8) .  Under op t i on  2, Mathers Creek coho salmon 

escapements increase over time, averaging 7,000 over t he  40 year  per iod.  The 

o ther  minor coho salmon stocks are p ro jec ted  t o  g radua l l y  dec l i ne  w i t h  

op t ions  1 and 3  b u t  would be maintained a t  r e l a t i v e l y  low l e v e l s  (<200) i n  

o p t i o n  2. Escapement t a r g e t s  f o r  coho salmon have not  been i d e n t i f i e d  f o r  

Cumshewa I n l e t  streams. However, based on observat ions i n  recent  years, 

P a l l  ant  Creek appears t o  have a  capac i ty  f o r  about 4,000 coho salmon. I n  t he  

past  Mathers has supported populat ions i n  the order  o f  7,500 coho salmon 

spawners. Other streams i n  t h e  area have no t  supported s i g n i f i c a n t  

popu la t ions  i n  the  past but  may through the  a i d  o f  co lon i za t i on .  Since the re  

i s  no evidence t o  support an est imate o f  the  optimum, the  escapement t o  these 

streams i s  not 'evaluated w i t h  respect t o  a  ta rge t .  

The p ro jec ted  ca tch  o f  chum salmon was the  same f o r  op t i on  1, 2  and 3A 

averaging 186,000 p ieces annual ly  (F igu re  9 ) .  The q u a l i t y  o f  catch was q u i t e  

d i f f e r e n t  between these th ree  opt ions, w i t h  the  m a j o r i t y  o f  the catch vary ing  

i n  q u a l i t y  from dark red  i n  op t i on  1, dark pa le  i n  op t i on  2  amd semi b r i g h t  

i n  o p t i o n  3A. Pro jec ted  catch o f  chum salmon i n  op t i on  3, w i thout  area 

r e s t r i c t i o n s ,  averaged 168,000 p ieces and was est imated t o  be most ly  

semi b r i g h t  q u a l i t y  (F igure  9). 

The p ro jec ted  catch o f  even-year p ink salmon averaaed 15,000 i n  both 

o p t i o n  1 and 2  (F igu re  10).  A l l  these p ink salmon were i n te rcep ted  i n  

f i s h e r i e s  ou ts ide  o f  Cumshewa I n l e t .  Under op t i on  3  and 3A, catch o f  p ink 

salmon was p ro jec ted  t o  be s u b s t a n t i a l l y  h igher  (30,000 p ieces)  than w i t h  t h e  
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Figure 9. Total catch o f  Cumshewa I n l e t  chum salmon i n  a l l  fisheries 
projected over the next 40 years for  each management option. 
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o ther  two opt ions  i n  the  f i r s t  few years because of increased i n t e r c e p t i o n s  

i n  Cumshewa I n l e t ,  bu t  then r a p i d l y  decl ined as the  stocks were depleted due 

t o  over ha rves t i ng  (F igu re  10). 

T o t a l  coho salmon catch was p ro jec ted  t o  averaqe 11,000 pieces i n  op t i on  

1, 10,000 pieces i n  o p t i o n  2, 8,000 pieces i n  op t i on  3 and 13,000 pieces i n  

o p t i o n  3A (F igu re  11). Sport catch i n  a l l  opt ions was pro jec ted  t o  be 

s u b s t a n t i a l l y  h igher  than the  cur ren t  est imates o f  500 coho salmon. Sports 

catch i n  op t ions  1, 3, and 3A was pred ic ted  t o  be about 1,600 f i s h  wh i l e  

ca tch  i n  t he  o p t i o n  2 scenar io was est imated a t  2,100 pieces. The net  catch 

o f  coho salmon i n  Cumshewa I n l e t  var ied  because o f  d i f f e r e n t i a l  i n te rcep t i ons  

w i t h  each management s t ra tegy  w i t h  1,000 pieces p ro jec ted  f o r  op t i on  2 t o  

4,800 p ieces  fo r  o p t i o n  1 and 6,100 pieces f o r  opt ions 3 and 3A. The 

remainder o f  t he  catch i n  each opt ion  was caught i n  the  t r o l l  f i s h e r y .  ./ 
8.2 B e n e f i t  Cost Ana lys is  

Benef i ts  o f  each op t i on  were est imated us ing the p ro jec t i ons  of t h e  

b i o l o g i c a l  s imu la t i on  model and the p r i c e  p ro jec t i ons .  The est imated value 

o f  t he  ca tch  and incremental bene f i t s  o f  each opt ion  compared t o  the s ta tus  

quo ( o p t i o n  1) a r e  shown i n  Table 7. 

I n  assessing cos ts  associated w i t h  each opt ion, on l y  va r i ab le  costs were 

considered. The r e l a t i v e  t ime t h a t  f i s h e r y  o f f i c e r s  and manaaement 

b i o l o g i s t s  $end i n  the  management o f  Cumshewa I n l e t  f i s h e r y  was assumed t o  

remain the  same f o r  each opt ion.  Costs associated w i t h  the e x i s t i n g  

enhancement a c t i v i t i e s  were a lso assumed constant f o r  each opt ion.  The 

v a r i a b l e  cos ts  i nc lude  the  costs f o r  the operat ion o f  the t e s t  f i s h e r y  and 

f o r  mon i to r i ng  the  f i s h e r y  w i t h  patrolmen and quardians. 
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projected over the next 40 years for  each management option. 



Table 7. Projected  value of  b e n e f i t s  ( d o l l a r s )  f o r  each management opt ion.  

Year - TOTAL VALUE OF BENEF ITS  INCREMENTAL BENEF IT  FROM STATUS QUO 

OPT1 OPT2 OPT3 OPT3A OPT1 OP T 2  OPT3 OPT3A 



The di f ference i n  costs between the  status quo opt ion  and the  other  

op t ions  are  i d e n t i f i e d  i n  Table 8. Under the  status quo scenarios i t  was 

assumed t h a t  the  t e s t  f i s h e r y  would be operated each season f o r  about 40 days 

s i m i l a r  t o  past  operat ions. It was est imated t h a t  a pat ro lboat  would be 

requ i red  f o r  6 weeks. 

Under op t ion  2, opera t ion  o f  t he  t e s t  f i s h e r y  would be extended t o  50 

days t o  p rov ide  b e t t e r  in format ion  f o r  the e a r l y  pa r t  of the run. A p a t r o l  

boat would be requ i red  f o r  one week e a r l y  i n  the  chum f i s h i n g  season and 

again f o r  3 weeks l a t e  i n  the  f a l l .  A ouardian would a lso  be requ i red  t o  

moni tor  f i s h  abundance and enforce the  c losure  dur ing the  per iod  between the  

quota f i s h e r y  and the  te rmina l  f i she ry .  

The t e s t  f i s h e r y  would not be requ i red  w i t h  opt ion  3 and 3A because 

inseason abundance est imates are not  necessary since the f i s h e r i e s  are open 

t o  catchi  newly a r r i v i n a  f i s h  and are not designed t o  wai t  f o r  a b u i l d  up o f  

abundance. A p a t r o l  boat would be requ i red  on a requ lar  basis f o r  t h e  6 week 

p e r i o d  o f  t h e  f i she ry .  

The v a r i a b l e  costs fo r  each op t ion  are assumed t o  remain constant from 

year t o  year (Table 8). Option 2 has the  highest va r iab le  costs w i t h  a 

present  va lue  o f  about $555,000 discounted a t  10% over 40 years wh i le  op t ions  

3 and 3A have the  lowest va r iab le  costs a t  5189,000. The present value of 

v a r i a b l e  'costs associated w i t h  the  s ta tus  QUO opt ion  were estimated a t  

$483,000. 

The incremental change i n  the net 

quo i s  shown f o r  each op t ion  i n  Table 

the re fo re  does not  have any change i n  

present value 

9. Option 1 

NPV since i t 

(NPV) from the s ta tus  

i s  the  status quo and 

i s  being compared t o  



Table 8. Projected costs (do1 l a rs )  f o r  each management option. 

Annual Variable Costs 

Test Fishery 
D ays 
Cost* 

P a t r ~ l  Boat 
Days 
Cost** 

Guardian 
D ays 
COS t *** 

Total  var iab le Cost 

Present Value of Costs Discounted over 40 Years 

Discount r a t e  at  5% 774183 889487 303555 303555 
Discount r a t e  at  10% 452138 519477 177282 177282 
Discount r a t e  a t  15% 316739 363913 124192 124192 

Incremental Costs Compared t o  Status Quo 

Discount ra te  at  5% 0 115304 -470628 -470628 
Discount rake a t  10% 0 67340 -274856 -274856 
Discount r a t e  at 15% 0 47174 -192546 -192546 

Notes 
* Cost of t e s t  f i shery  estimated at  S750lday from previous years. 
** Standard cost of  pa t ro l  boat i s  S645lday. 
*** Standard cost of guardian i s  S2lOlday. 



Table 9. Benefit cost analysis of management options. 

Incremental Benefits (do1 lars) Compared to Status Quo 

Discount rate at 5% 
Discount rate at 10% 

Discount rate at 15% 

Incremental Costs (dollars) Compared to Status Quo 

Option 1 Option 2 Option 3 Option 3A 

Discount rate at 5% 

Discount rate at 10% 

Discount +ate at 15% 

Incremental Change in Net Present Value Compared to Status Quo 

Option1 Option2 Option3 Option3A 

Discount rate at 5% 

Discount rate at 10% 

Discount rate at 15% 
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i t s e l f .  A lower NPV i n  the  order o f  $3.1 m i l l i o n  ( a t  10% discount r a t e )  i s  

p r o j e c t e d  i n  op t ion  2. Option 3 and 3A are pro jec ted t o  have net  b e n e f i t s  

over the  s ta tus  quo i n  the  order o f  $4.4 and $5.9 m i  1 l i o n  respect ive ly .  

Cost effect iveness o f  t he  ' opt ions was analyzed using incremental 

b e n e f i t s  and costs. Option 2 i s  the l eas t  cost  e f f e c t i v e  because i t  r e s u l t s  

i n  fewer b e n e f i t s  than i n  the  s ta tus  quo scenar io y e t  requ i res  h igher costs 

f o r  management o f  t he  f i she ry .  Option 3 and 3A are most cost e f f e c t i v e  

because they  r e s u l t  i n  g reater  b e n e f i t s  and lower costs than pro jec ted i n  the  

s ta tus  quo opt ion.  

8.3 Other Considerat ions 

Other f a c t o r s  considered i n  the  eva luat ion  o f  t he  opt ions inc lude the  

p e r i o d  o f  t h e  f i s h i n g  season, f i s h  q u a l i t y  and r i s k s .  The f i s h i n g  season 

d u r a t i o n  would be about the  same f o r  a1 1 opt ions a t  about one and a h a l f  

months except f o r  Opt ion 2 i n  which the f i s h i n g  per iod  would be on ly  1 

month. The t i m i n g  o f  t he  f i s h e r i e s  var ies  between opt ions. I n  the  s ta tus  

quo opt ion, t h e  f i s h e r y  would occur between mid-September and 1 ate October. 

I n  op t ion  2, the  f i s h i n g  per iod  would be s p l i t  between e a r l y  September f o r  

t h e  quota f i s h e r y  and l a t e  October f o r  the  te rmina l  f i she ry .  The f i s h i n g  

season would be from e a r l y  September t o  mid-October under opt ions 3 and 3A. 

Fishermen 'p re fe r  e a r l  i e r  f i s h e r i e s  because weather cond i t ions  d e t e r i o r a t e  

du r ing  the  f a 1  1.  

Fishermen's preference f o r  e a r l y  f i s h e r i e s  i s  a lso r e l a t e d  t o  f i s h  

q u a l i t y  and t h e  landed value of the  product. P r i c e  o f  the  catch a t  the  end 

o f  t he  season can vary depending on the success o f  the commercial f i s h e r y  
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dur ing  e a r l i e r  openings. Although f i s h  q u a l i t y  i s  r e f l e c t e d  i n  the b e n e f i t  

cos t  analysis, i t  i s  also included i n  t h i s  sec t ion  because o f  f ishermen's 

concerns. I n  op t ion  1 the m a j o r i t y  o f  the  catch i s  dark red qua l i t y ,  i n  

op t i on  2 i t  i s  dark pa le  and i n  opt ions 3 and 3A i t i s  semi b r i g h t  chum 

salmon. 

The b i o l o g i c a l  r i s k  assoc 

t h e  s t a t u s  quo opt ion, the  

u n c e r t a i n t i e s  associated w i t h  

i a t e d  w i t h  each management s t ra tegy  var 

r i s k  f a c t o r  i s  ra ted  as moderate 

manaaing the  f i s h e r y  could r e s u l t  i n  

ies .  I n  

because 

greater  

impact on t h e  Mathers Creek chum salmon stock than pro jected.  I n  op t ion  2, 

t h e  r i s k  f a c t o r  i s  low because the  f i s h e r y  w i l l  be delayed u n t i l  there  i s  a 

good i n d i c a t i o n  t h a t  escapement ta rge ts  would be met. However, although t h e  

b i o l o g i c a l  r i s k  i s  low, there  i s  a good p o s s i b i l i t y  w i t h  t h i s  op t ion  t h a t  t h e  

stocks may be under harvested and some catch would be foregone i f  the  f i s h  

move i n t o  t h e  streams before the  f i s h e r y  i s  open, The r i s k s  i n  managing the 

f i s h e r i e s  i n  op t ion  3 and 3A are h iah because o f  unce r ta in ty  i n  es t imat ing  

stock size. There i s  a high r i s k  t h a t  t he  Mathers chum salmon stock could 'be 

depleted. Although i t  i s  assumed i n  op t ion  3A t h a t  the area r e s t r i c t i o n s  

reduce the  harvest  r a t e  on the Mathers chum salmon stock i t  i s  quest ionable 

whether t h i s  assumption i s  va l i d .  There i s  a lso a r i s k  t h a t  escapement 

t a r g e t s  t o  P a l l a n t  Creek may not be achieved. Since most of the product ion 

i s  from efihanced stocks, t h i s  i s  not considered a s i g n i f i c a n t  concern unless 

t h e  brood stock requirements are not met. As i nd i ca ted  previously, t h i s  r i s k  

could be reduced by se in ing  the broodstock p r i o r  t o  f i s h e r y  openings. 
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8.4 Summary 

The evaluat ion of  each opt ion i s  summarized i n  Table 10. A l l  r esu l t s  

should be compared t o  opt ion 1 , which represents the status quo. 
1 

I n  opt ion 2, the Mathers Creek chum and coho salmon stocks rebu i l d  t o  

much higher leve ls  than projected i n  the status quo option. However, t h i s  

management s t ra tegy resu l t s  i n  a much lower NPV than opt ion 1. The estimated 

d i f fe rence  i n  NPV i s  $3.1 mi l l i on .  This opt ion i s  not l i k e l y  t o  receive 

support from the indust ry  because f i s h  q u a l i t y  would be poor and the f i sh i ng  

season would be s p l i t  i n t o  two time periods, one o f  which would be l a t e  i n  

the season. This i s  the safest opt ion i n  terms o f  minimizing r i s k  t o  stocks 

i n  the area although the cost of  rebu i ld ing these stocks i s  high. 

Option 3 i s  projected t o  r esu l t  i n  an increase i n  NPV o f  $4.4 m i l l i o n  

over t ha t  pro jec ted i n  opt ion 1. However, t h i s  i s  a high r i s k  management 

scenario and i s  projected t o  r esu l t  i n  the decline of the  Mathers chum stock, 

both salmon stocks and minor coho stocks i n  the i n l e t .  Although catch wou 

be lower than projected i n  the status quo option, i t  would s t i l l  support 

good s ize chum salmon f ishery,  averaging 168,000 pieces r e l a t i v e l y  ear ly  

the season, w i t h  a good q u a l i t y  of  catch. 

The highest increase i n  NPV ($5.9 m i l l i o n )  i s  projected i n  opt ion 3A. 

The Mathers chum salmon stock i s  maintained at  a low leve l  s im i la r  t o  tha t  

projected Lnder status QUO management. Pink salmon stocks and the other coho 

salmon stocks are projected t o  decline. Chum salmon catch i s  projected a t  

s im i l a r  l eve ls  as f o r  the base case but the q u a l i t y  would be much be t t e r  

since the f i she ry  i s  ea r l i e r .  The benefi ts of t h i s  opt ion over opt ion 3 are 

based on the assumption tha t  the area r e s t r i c t i o n s  would keep harvest ra tes  



T&le 10. Evaluation af manigmnt aptions. 

Eva1 uat ion 
Criteria 

Status Quo QuotaITerminal Early Fishery Early w i t h  
Restrict ions 

Chage i n  Net Present Value 
(f i n  mi 1 lions) 0 -3.1 M S +4.4 M S +5.9 M S 

Cost Effectiveness M L H H 

Salmon E s c p m n t  as a Percentag? 
of Target after 40 Kars 

Pal 1 ant Creek Chun 125 100 140 125 
Pathers Creek Chun 20 150 0 20 
Pallant Creek Pirk 85 85 0 0 
Mathers Creek Pink 60 60 0 0 
Pallant Creek Coho 190 265 W )  140 
Mathers Creek M o  30 90 30 30 
( 

Awage Salmon C.atch 
chun 
Pi rk  
Coho 

Fishing Season 
Duration (months) 
Timing 

1 112 1 1 112 1 1/2 
late sp l i t  earlyllate early early 

Qua1 ity of Chun S a l m  Catch dark red dark pale seni bri@t semi br i@t  

Risks \ &ate lcm hi$ hi$ 
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on Mathers stocks a t  a s i m i l a r  l e v e l  as on Pal  l a n t  Creek stocks. This i s  a 

h igh  r i s k  op t ion  because o f  the  uncer ta in ty  regarding t h i s  assumption and the  

u n c e r t a i n t y  associated w i t h  the manaaement s t ra tegy  f i s h i n g  before knowing 

t h e  abundance. 

I t  i s  ev ident  t h a t  there  are t r a d e o f f s  associated w i t h  a l l  the opt ions.  

The h igh  cos t  t o  i ndus t ry  o f  foregoing b e t t e r  q u a l i t y  f i s h  i n  order  t o  

r e b u i l d  the  Mathers Creek chum salmon stock through manaaement ( o p t i o n  2 )  

precludes i t  from being an acceptable so lu t i on .  The increased values 

associated w i t h  the e a r l y  f i s h e r y  opt ions  (3 and 3A) are countered by t h e  

h igh  r i s k  o f  dep le t i ng  the  Mathers chum salmon stock and the pink salmon 

stocks. The s ta tus  quo i s  a compromise which may not  be the best choice 

because stocks are he ld  a t  r e l a t i v e l y  low leve ls ;  much greater  value o r  

h igher  stock l e v e l s  cou ld  be achieved through a1 t e r n a t i v e  management 

s t ra teq ies .  

9.0 EVALUATION OF ENHANCEMENT OPTIONS 

9.1 Resul ts  o f  B i o l o a i c a l  Model l ing 

The management s t ra tegy  used t o  evaluate t h e  d i f f e r e n t  enhancement 

s t r a t e g i e s  var ied  w i t h  each opt ion  (Table 11). I n  the  f i r s t  enhancement 

op t ion  ( E l )  i n  which both  Pa l l an t  and Mathers Creek f a c i l i t i e s  are expanded 

f o r  product ion o f  p ink and chum salmon, i t  was assumed t h a t  there  would be 

both p ink  and chum salmon f i s h e r i e s  i n  Cumshewa I n l e t .  I n  the  second 

enhancement (E2) op t ion  which involves on ly  the  expansion o f  t he  Mathers 

f a c i l i t y ,  two management s t ra teg ies  were evaluated, the  normal chum salmon 
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f i s h e r y  (E2A) and an e a r l y  chum salmon f i s h e r y  w i t h  r e s t r i c t i o n s  (E2B) t o  

g i ve  added p r o t e c t i o n  t o  the  Mathers Creek stock. I f  the  Mathers Creek stock 

i s  no t  g iven t h i s  added p r o t e c t i o n  i t would be harvested t o  e x t i n c t i o n  before 

t h e  enhancement was on l i n e .  These same two management s t ra teg ies  o f  normal 

and e a r l y  t i m i n g  f i s h e r i e s  were analyzed w i t h  the  t h i r d  enhancement op t ion  

(E3A and E3B, respec t i ve l y )  of an expansion a t  P a l l a n t  Creek t o  serv ice t h e  

Mathers Creek chum salmon stock through a  sate1 l i t i n g  st rategy.  I n  t h e  

fou r th  enhancement op t  i o n  (E4B) which invo lves  increased coho salmon 

product ion, an e a r l y  coho salmon f i s h e r y  and an e a r l y  chum salmon f i s h e r y  are 

assumed. Since t h e  ob jec t i ve  o f  t h i s  op t i on  i s  t o  provide a  small commercial 

coho salmon f ishery,  which w i l l  l i k e l y  have a  negat ive e f f e c t  on the p ink 

salmon stocks, i t  i s  p o i n t l e s s  t o  delay the  chum salmon f i s h e r y  t o  i t s  normal 

t i m i n g  f o r  t he  benef i t  o f  the  pink salmon stocks. Again, the e a r l y  chum 

salmon f i s h e r y  assumes r e s t r i c t i o n s  which are successful  a t  p rov id inq  some 

p r o t e c t i o n  fo r  t h e  Mathers stocks. 

The b i o l o g i c a l  model 1  i n g  r e s u l t s  i n d i c a t e  t h a t  the  escapement o f  Pal l a n t  

Creek chum salmon stocks would be less than under s ta tus  quo cond i t ions  w i t h  

a l l  t he  enhancement opt ions (F igu re  12) .  Escapement would s t a b i l i z e  s l i g h t l y  

above t a r g e t  a t  32,000 wdth E l ,  under t a r g e t  a t  20,000 spawners w i t h  E2A and 

E2B, and j u s t  below the  t a r a e t  o f  30,000 w i t h  E3A, E3B and E4B. A l l  

enhancement op t ions  are pro jec ted t o  increase escapements t o  Mathers Creek 

bu t  l e v e l s  are pred ic ted t o  remain below the  20,000 t a r q e t  ( F i y r e  13) .  

Under o p t i o n  El, chum salmon escapement t o  Mathers would increase t o  about 

7,000 spawners, whi l e  under the other th ree enhancement options, escapements 

would average between 10,000 and 12,000 spawners. The other minor chum 

salmon stocks i n  Cumshewa I n l e t  are pro jec ted t o  dec l ine  i n  a l l  cases. 
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Figure 12. Pallant Creek chum salmon escapements projected over the 
next 40 years for each enhancement option compared t o  the 
status quo. 
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Figure 13. h t h e r s  C m k  chum salmon escapements projected over the 
next 40 years for  each enhancement option compared t o  the 
status quo. 
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The p ro jec ted  t rends i n  even year p ink salmon escapements i n  P a l l a n t  

Creek va r ied  between enhancement opt ions and were dependant on the  management 

s t r a t e g i e s  (F igu re  14). The on ly  enhancement op t ion  i n v o l v i n g  s i g n i f i c a n t  

enhancement o f  p ink salmon was E l ,  f o r  which escapements of P a l l a n t  Creek 

p ink  salmon were p ro jec ted  t o  remain constant near the  ta rge t  o f  75,000 

spawners. Escapements were p red ic ted  t o  f o l  low simi l a r  trends as p ro jec ted  

under the  s ta tus  quo op t ion  w i t h  E2A and E3A which assume t h a t  the  chum 

salmon f i s h e r y  i s  he ld  dur ing  the  normal pe r iod  t o  avoid i n te rcep t ion  o f  p ink 

salmon. However, when t h e  enhancement op t ions  inc lude the  management 

s t r a t e g y  o f  an e a r l y  f i s h e r y  f o r  chum salmon as i n  EZB, E3B and E4B, the  pink 

salmon escapements i n  P a l l a n t  Creek are p ro jec ted  t o  dec l ine  r a p i d l y .  

Escapement o f  p ink salmon t o  Mathers Creek fo l lowed s i m i l a r  trends (F igure  

15). However, the  t a r g e t  l e v e l  o f  50,000 was not achieved i n  any o f  t h e  

opt ions, t h e  c loses t  being the  pro jec ted escapement o f  35,000 w i t h  E l ,  t h e  

o p t i o n  which inc ludes enhancement o f  Mathers p ink salmon. As discussed 

previously,  t h e  ' t rends i n  odd year p ink salmon escapements are not  

rep resen ta t i ve  s ince they are based on an assumed p r o d u c t i v i t y  s i m i l a r  t o  t h e  

even year stocks. 

Under the  s ta tus  quo opt ion, coho salmon escapements t o  Pa l l an t  Creek 

are p ro jec ted  t o  be i n  the  order o f  7,500 spawners (F igure  16). Recent 

escapements have been about 4,000 spawners, a number considered adequate f o r  

t h e  creek. Under E l ,  the escapement o f  coho salmon t o  P a l l a n t  Creek i s  

expected t o  increase t o  about 9,500 f i sh .  Coho salmon escapements under t h e  

o ther  enhancement opt ions i s  p ro jec ted t o  be less  than under the s ta tus  quo. 

With enhancement op t ions  E2A and E3A, and the  manaaement s t r a t e ~ y  of normal 
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Figure 16. Pallant Creek coho salmon escapements projected over the 
next 40 years for  each enhancement option conpared t o  the 
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t im ing  chum f i sher ies ,  coho salmon escapements t o  Pa l lant  Creek are pro jec ted 

t o  be about 5,000. I n  the options inc lud ing e a r l i e r  f i she r i es  -- EZB, E3B 

and E4B -- coho salmon escapements are pred ic ted t o  be 3,000 t o  4,000 f i s h .  

Coho salmon escapements t o  Mathers Creek are projected t o  f l u c tua te  around 

2,000 spawners under the status quo, we l l  below h i s t o r i c  leve ls  of 7,500. 

Under the cond i t i on  o f  the other enhancement options, w i th  the exception o f  

E4B, coho salmon escapements are pro jec ted t o  increase t o  about 5,000 (Figure 

17). With op t ion  E4B, escapements are pro jec ted t o  be s im i l a r  t o  the s ta tus  

quo. I n  the other streams, coho salmon escapements are projected t o  remain 

less  than 200 w i t h  the status quo opt ion but  would increase t o  between 800 

and 1,200 w i t h  the f i r s t  three enhancement opt ions (Figure 18). 

The catch of chum salmon was pro jec ted t o  be higher f o r  a l l  the 

enhancement opt ions than w i th  the status quo opt ion (Figure 19). Under 
L J 

s ta tus  quo condit ions, t o t a l  catch o f  chum salmon would average 186,000 

pieces compared t o  231,000 w i t h  E4B, 243,000 w i t h  E3A and E3B, 289,000 w i t h  

E l  and 318,000 w i t h  E2A and E2B. 

The t o t a l  catch o f  even year pink salmon was projected t o  average 15,000 

pieces w i t h  the s ta tus  quo, and enhancement options E2A and E3A (Figure 20). 

These catches are a t t r i b u t a b l e  t o  outs ide intecept ions since the Cumshewa 

chum salmon f i s h e r y  would be delayed u n t i l  a f t e r  the pink salmon migrat ion i n  

these options. I n  opt ions EZB, E3B and E4B, catch of pink salmon would 

i n i t i a l l y  be higher because o f  increased in te rcep t ions  i n  the ea r l y  Cumshewa 

chum and coho salmon f i sher ies .  However, catches would decl ine r a p i d l y  as 

t he  pink salmon stocks were depleted. With opt ion E l ,  which includes 

enhancement o f  pink salmon, catch of even year pink salmon are projected t o  

increase t o  about 200,000 pieces. 
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projected over the next 40 years for each enhancement option 
and compared to the status quo. 
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To ta l  catch o f  coho salmon i s  p ro jec ted t o  increase from 4,000 t o  8,000 

p ieces over t h e  average of 11,000 p ro jec ted  i n  the  s ta tus  quo opt ion w i t h  

opt ions  El, EZA, EZB, E3A and E3B (Fiaure 21). As expected, the h ighest  

catch o f  coho salmon i s  pro jected w i t h  E45, the  opt ion  which includes 

s i g n i f i c a n t  coho enhancement. Tota l  catch w i t h  t h i s  opt ion would average 

30,000 pieces. The d i s t r i b u t i o n  o f  coho salmon catch between sport, net and 

t r o l l  f i s h e r i e s  was s i m i l a r  w i t h  enhancement op t ions  E2 and E3 w i t h  about 

2,000 f i s h  cauqht i n  the  sport  f i shery ,  6,500 t o  7,500 caught i n  the net  

f i s h e r y  and the  remainder i n  the t r o l l  f i s h e r y .  With E l  catch o f  coho salmon 

would be s l i g h t l y  higher i n  each of the  f i s h e r i e s .  The catch d i s t r i b u t i o n  

would change d ramat i ca l l y  w i t h  E4B since i t  inc ludes a net f i s h e r y  t a r g e t t i n g  

on coho salmon. Sports catch would be i n  the  order o f  1,200 pieces wh i le  ne t  

catch would be about 21,000 pieces and t r o l l  catch would be 8,000 pieces. 

9.2 B e n e f i t  Cost Analys is  

The bene f i t s  i n  terms o f  estimated value o f  the  catch associated w i t h  

each enhancement op t ion  and the  incremental bene f i t s  o f  each opt ion compared 

t o  the  s ta tus  quo are shown i n  Table 12. The ana lys is  ind ica tes  t h a t  op t ion  

E2B would p rov ide  the  h ighest  benef i ts ,  w i t h  catch values i n  the order o f  $16 

m i l l i o n  based on a 10% discount  r a t e  over a 40 year period. The fewest 

be f l e f i t s  f rom increased catch were associated w i t h  op t ion  E3A since i t  

invo lves  t h e  lowest increment i n  product ion and a r e l a t i v e l y  low q u a l i t y  of 

chum salmon i n  the  catch. 

There are th ree  components t o  the  costs associated w i t h  the  enhancement 

opt ions, t he  c a p i t a l  and operat ing costs o f  the  enhancement f a c i l i t i e s  and 
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t h e  v a r i a b l e  management costs associated w i t h  the  s p e c i f i c  management 

s t ra tegy .  The c a p i t a l  costs are based on est imates made by DFO engineers. 

The cost  of expansions at  the e x i s t i n g  P a l l a n t  Creek s i t e  are a l l  about 

$1 m i l l i o n  (Table 13). There i s  s l i g h t  v a r i a t i o n  between opt ions because the  

coho salmon product ion  opt ion  i s  on l y  v i a b l e  i f  a ground water source i s  

found, a cond i t i on  which e n t a i l s  exp lo ra t i on  and we l l  development. The 

c a p i t a l  cos ts  f o r  expanding the  Mathers f a c i l i t y  are dependant on t h e  

capaci ty .  With a smaller scale expansion as i n  op t ion  E l ,  t he  c a p i t a l  costs 

at  Mathers Creek would be i n  the order o f  51.25 m i l l i o n  wh i le  the costs o f  a 

l a r g e r  f a c i l i t y  as i n  opt ion E2, would be i n  the  order o f  $2 m i l l i o n .  The 

costs at  Mathers Creek are higher than a t  P a l l a n t  Creek because the  Mathers 

Creek f a c i l i t y  i n f r a s t r u c t u r e  needs t o  be replaced since i t  was i n s t a l  l e d  as 

a temporary p i l o t  f a c i l i t y .  It i s  assumed t h a t  75% o f  the  c a p i t a l  cost  would 

be spent i n  the  f i r s t  year and the  remainder i n  the  second year. 

The opera t iona l  costs i n  Table 13 represent the  incremental expense 

associated w i t h  t h e  enhancement opt ions. A d e t a i l e d  breakout o f  t h e  

expense f o r  each op t ion  are ou t l i ned  i n  Appendix 1. The highest  opera t iona l  

cos ts  are associated w i t h  the  Mathers Creek hatchery because a f u l l  s taf f  

would be requ i red  t o  run  the  f a c i l i t y .  I t  was estimated t h a t  t h e  

requirements would be s i m i l a r  t o  the  e x i s t i n g  Pal l a n t  Creek hatchery, 

r&gardless o f  capacity,  w i t h  an a d d i t i o n a l  20% increase on expenses because 

t h e  s i t e  i s  more i s o l a t e d  and not accessib le by road. The operat ional  costs 

f o r  t h e  P a l l a n t  Creek expansion depend on the capac i ty  and species mix of t h e  

opt ion.  I n  the  op t ion  i nc lud ing  p ink salmon, costs are lower because t h e  fry 

are not  reared, whereas i n  the coho salmon product ion option, costs are 



Table 13. Est imated c a p i t a l  and opera t iona l  c o s t s  fo r  t he  enhancement 

op t ions .  

Annual Operat ing Costs 

Cap i ta l  

Cost Even-Year Odd-Year 

Expansion a t  P a1 1 ant Creek 1015000 

Expansion a t  Mathers Creek 1245000 

To t  a1 2260000 

E 2 Expansion a t  Mathers Creek 2000000 536000 536000 

E3 Expansion a t  Pal  l a n t  Creek 1015000 

t o  Sate1 l i t e  Mathers Creek 

Stocks 

r > 

E 4 Expansion a t  Pal  l a n t  Creek 1065000 

f o r  Coho Salmon Product ion 

Present value of costs Option Option Option Option 

d i  scounted over 40 .years E 1 E 2 E3 E4 

Discount r a t e  a t  5% 9939742 10082712 3923296 4444638 

Discount r a t e  a t  10% 6136702 6088183 2462198 2755968 
\ 

Discount r a t e  a t  15% 4488633 4371033 1826945 2024504 
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h iaher  because the  coho salmon f ry  are reared f o r  a longer t ime. I n  op t ion  

E l ,  which inc ludes pink salmon enhancement, t he  operat ional  costs a t  both 

P a l l a n t  and Mathers Creek f a c i l i t i e s  would be lower i n  the odd years when 

pink salmon would not be enhanced. The est imate o f  present value o f  the  

costs assumes t h a t  the incremental opera t iona l  costs would not be incur red 

du r ing  the  two years o f  construct ion.  

Incremental management costs are based on the va r iab le  costs associated 

w i t h  the  management s t ra tegy  described i n  the  ana lys is  o f  the  management 

opt ions  (Table 14) .  I n  E l  i t  i s  assumed t h a t  t he  p a t r o l  boat would be 

requ i red  f o r  a lonaer per iod  t o  monitor the p ink salmon f i s h e r y  and the re fo re  

a net  increase i n  management costs i s  expected. No incremental cost  i s  

expected w i t h  op t ion  E2A and E3A because t h e  f i s h i n g  s t ra tegy  i s  assumed t o  

be s ta tus  quo even though there  are more f i s h  ava i lab le .  I n  opt ions E2B and 

E3B, t h e  management costs would be the  same as f o r  management opt ion  3, t h e  

e a r l y  f i s h e r y  op t ion  (Table 8) but less than i n  the  s ta tus  quo opt ion.  

Management costs f o r  t he  coho salmon product ion  option, E4B, was assumed t o  

be s i m i l a r  t o  the  e a r l y  f i s h i n g  op t ion  but would inc lude an a d d i t i o n a l  15 

days o f  p a t r o l  boat t ime t o  monitor t he  newly establ ished coho salmon 

f i s h e r y .  Management costs would s t i l l  be less  than i n  the  s ta tus  quo opt ion.  

The incremental change i n  NPV f rom t h e  s ta tus  quo i s  shown f o r  each 

opti'on i n  Table 15 at  each o f  the th ree d iscount  ra tes .  The h ighest  NPV of 

$10.2 m i l l i o n  discounted a t  10% over 40 years  i s  p ro jec ted w i t h  EZB, the  

op t ion  i n v o l v i n g  a major expansion o f  the  Mathers f a c i l i t y  and a management 

s t ra tegy  o f  f i s h i n g  chum salmon when the  q u a l i t y  i s  highest.  However, i f  

t h i s  f a c i  1 i t y  were b u i l t  and the management s t ra teqy  remained the same as 
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Table 15. Bene f i t  cost  analys is  o f  enhancement opt ions. 

Incremental Benef i ts  Compared t o  Status Ouo 
Option Option Opt ion Option Option Opt ion 

E l  E2A E2B E3A E3B €40 

D i  scount r a t e  a t  5% 27170943 20469351 39597537 8995079 23427355 22699488 
Discount r a t e  a t  10% 11281761 7674094 15965848 3438833 9937374 9956649 
Discount r a t e  a t  15% 5586011 3388356 7763852 1567827 5141214 5339326 

Incremental Costs Compared t o  Status Quo 

Cap i ta l  and Option Option Option Option Option Opt ion 
Operat ing Costs E l  E2A E2B E3A E3B E4B 

Discount r a t e  a t  5% 9939742 10082712 10082712 3923296 3923296 4444638 
Discount r a t e  a t  10% 6136702 6088183 6088183 2462198 2462198 2755968 
Discount r a t e  a t  15% 4488633 4371033 4371033 1826945 1826945 2024504 

Management Costs Option Option Opt ion Option Option Option 
E 1 E2A E2B E3A E3B E4B 

\Discount r a t e  a t  5% 149284 0 -586841 0 -586841 -420827 
Discount r a t e  a t  10% 85078 0 -334444 0 -334444 -239831 
Discount r a t e  a t  15% 57783 0 -227149 0 -227149 -162890 

T o t a l  Incremental  Costs Option Option Opt ion Option Option Opt ion 
E 1 E2A E2B E3A E3B E4B 

Discount r a t e  a t  5% 10089026 10082712 9495872 3923296 3336455 4023811 
Discount r a t e  a t  10% 6221779 6088183 5753739 2462198 2127754 2516137 
Discount r a t e  a t  15% 4546416 4371033 4143884 1826945 1599797 1861614 

Incremental Change i n  Net Present Value Compared t o  t h e  Status Quo 

Discount r a t e  a t  5% 
Discount r a t e  a t  10% 
Discount r a t e  a t  15% 

Rank Rat io*  
Discount r a t e  a t  5% 
Discount r a t e  a t  10% 
Discount r a t e  a t  15% 

Option Option Opt ion 
E l  E2A €28 

Option Option Opt ion 
E3A E3B E4B 

*Denotes NPV/government cost .  
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s ta tus  quo, EZA, the  p o t e n t i a l  value would be s u b s t a n t i a l l y  less a t  about $1.6 

m i l l i o n .  Options E3B and E4B would provide the  next h ighest  values w i t h  $7.8 

and $7.4 m i  1  l i ons ,  respec t i ve l y .  Both these opt ions  invo lve  expansion o f  t h e  

P a l l a n t  Creek f a c i l i t y  f o r  the  purpose of s a t e l l i t i n g  Mathers Creek chum salmon 

and inc lude  e a r l y  chum salmon f i s h e r i e s  i n  Cumshewa I n l e t .  Option €4 a l so  

invo lves  t r a n s f e r r i n g  some o f  t h e  P a l l a n t  Creek chum salmon product ion i n t o  coho 

salmon product ion.  However, i f  Mathers chum salmon are s a t e l l i t e d  from t h e  

P a l l a n t  Creek f a c i l i t y ,  and the  management s t r a t e g y  i s  t o  a l low chum salmon 

abundance t o  b u i l d  before harves t ing  (E3A), t he  p o t e n t i a l  value o f  t h i s  o p t i o n  

dec l ines  t o  $1 m i l l i o n .  The value o f  op t ion  E l ,  which invo lves  expansion o f  

both f a c i l i t i e s  i s  est imated a t  $5.1 m i l l i o n .  

The cost  e f fec t i veness  o f  t he  enhancement opt ions as measured by the  rank 

r a t i o  (NPVIgovernment cos t )  var ies  subs tan t ia l  l y  between opt ions  (Table 15) .  

Options E3B and E4B prov ide the  h iahest  value received f o r  government d o l l a r s  

spent, f o l l owed  by E2B, El, E3A and E2A, respec t i ve l y .  

9.3 Other Considerat ions 

The soc ia l  f a c t o r s  from the  f ishermen's perpect ive, and r i s k s  associated 

w i t h  each op t ion  are a lso considered i n  the  eva luat ion  o f  t he  opt ions. The 

fishermen would be concerned w i t h  the  du ra t i on  and t im ing  o f  t he  f i s h i n g  season 

and the  q u a l i t y  o f  t he  catch. Options E2A and E3A are based on the status quo 

management s t ra tegy  and the re fo re  are t h e  same i n  terms o f  f i s h i n g  season and 

catch qua1 i ty.  Opt ion E l  would be more appealing t o  fishermen because i t  would 

prov ide  a  s l i g h t l y  longer f i s h i n g  season i n  even-years w i t h  a  pink salmon 

f i s h e r y .  Both opt ions  E2B and E3B would p rov ide  s l i p h t l y  shor ter  f i s h i n g  
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seasons, but  would be more desirable than the status quo because the f i s h e r y  

would be i n  e a r l y  September and f i s h  q u a l i t y  would be prime. Option E4B would 

be appeal inq since the chum salmon f i s h e r y  i s  ear l y  as i n  E2B and E3B but there 

i s  the added bonus o f  a  coho salmon net f i s h e r y  i n  l a t e  August. 

Risks associated w i th  each opt ion should be compared t o  the status quo 

which i s  ra ted  as moderate. Option E l  i s  considered a  high r i s k  because i t  

includes pink salmon enhancement, which has not been successful on previous 

attempts a t  Pa l l an t  Creek hatchery, and because i t  involves expansion of  the 

Mathers Creek f a c i l i t y  which has a  questionable water supply. Option E2A also 

ra tes  a  high r i s k  f ac to r  because of  the uncer ta in ty  w i t h  regards t o  water supply 

s u i t a b i l i t y .  Option E2B i s  a  high r i s k  opt ion because of uncer ta in t ies  w i t h  

both the enhancement and management s t ra teg ies.  The r i s k  of over harvesting the 

Mathers Creek stock i n  t h i s  ear l y  f i s h i n g  opt ion i s  high. Option E3A involves a  

s im i l a r  management s t ra tegy as the status quo, does not have any mre r i s k  

associated w i t h  the enhancement strategy and i s  ra ted moderate. However, opt ion 

E3B involves the' e a r l y  f i s h i n g  strategy which has a  high r i s k  of  over harvesting 

Mathers Creek chum salmon stock. Option E4B i s  rated as very high r i s k  because 

o f  the uncer ta in t ies  w i th  the management s t ra tegy o f  an ea r l y  chum salmon 

f ishery, and because f e a s i b i l i t y  of t h i s  opt ion i s  dependant on f i nd ing  a  ground 

water supply a t  the Pa l l an t  Creek s i te .  Pre l iminary  wel l  explorat ion has been 

unsuccessful. 

9.4 Summary 

The evaluat ion of  each of the enhancement options i s  summarized i n  Table 

16. A l l  r e s u l t s  should be compared t o  the status quo. 
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I n  the f i r s t  enhancement option, E l ,  the escapement of even year pink 

salmon stocks i s  projected t o  improve over t ha t  expected w i th  the status quo 

strategy.  Mathers Creek chum salmon escapements are projected t o  increase 

marg ina l ly  but  would remain wel l  below the target .  The catch of chum salmon 

would increase by about 100,000 and a new even year pink salmon f ishery w i t h  

catches on the order of  200,000 would be developed i n  Cumshewa I n l e t .  This 

opt ion would probably receive i ndus t r i a l  support because i t  would extend the 

f i s h i n g  season and provide new oppor tun i t ies  w i th  the pink salmon f ishery .  

This opt ion would provide addi t iona l  benef i ts  i n  the order o f  $5 mi l l i on ,  

discounted a t  10% over 40 years. I t  i s  a cost e f f e c t i v e  option, and i s  

projected t o  prov ide $1.8 of  benef i t  f o r  each aovernment do l l a r  spent i n  

development o f  t h i s  option. Even though the projected benef i ts  are hiah, i t  

should be noted tha t  there i s  a high r 

achieved because of  1 i m i  ted success 

uncer ta in t ies  regarding the su i tah i  1 i t y  of  the water supply a t  Mathers Creek. 

isk  tha t  these pro jec t ions may not be 

i n  enhancement of  pink salmon, and 

The pro jec ted consequences f o r  the second enhancement opt ion, E2, are 

dependant on the associated management strategy.  Although, the trend i n  chum 

salmon escapement i s  s im i l a r  under both management strategies, E2A and E2B 

w i th  escapements t o  Pa l lan t  and Mathers Creeks becoming more balanced than 

under s ts tus  quo condit ions, the t rend i n  pink salmon escapements i s  

bpposi te.  With op t ion  E2A, the escapements o f  pink salmon are projected t o  

increase over time s im i l a r  t o  pro jec t ions i n  the status quo option, whi le 

w i t h  opt ion EZB, both pink salmon stocks would decline. Coho salmon 

escapements are projected t o  achieve a be t te r  balance than i n  the status quo, 

w i th  some over escapement t o  Pa l lant  Creek and under escapement t o  Mathers 
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i n  E2A, and both stocks approching t a r g e t  i n  E2B. Both management 

s t r a t e g i e s  would r e s u l t  i n  catches o f  about 130,000 more chum salmon than 

p ro jec ted  w i t h  the  s ta tus  quo. However, the  catch q u a l i t y  i s  s i g n i f i c a n t l y  

d i f f e r e n t  between opt ions, w i t h  an average grade of dark red  expected w i t h  

E2A and semi b r i g h t  w i t h  E2B. This v a r i a t i o n  i n  q u a l i t y  has a  subs tan t ia l  

a f f e c t  on t h e  p ro jec ted  value of each opt ion.  The increase i n  NPV f rom 

s ta tus  auo cond i t i ons  would be $1.6 m i l l i o n  w i t h  E2A compared t o  $10.2 

m i l l i o n  w i t h  E2B. The cost  effect iveness of E2B would also be higher than 

f o r  E2A. Since both E2A and E2B invo lve  a  major expansion o f  the Mathers 

Creek f a c i l i t y ,  t h e r e  i s  a  high r i s k  t h a t  p ro jec t i ons  may not be achieved 

because o f  t h e  p o t e n t i a l  u n s u i t a b l i l i t y  o f  t he  water supply. The e a r l y  

f i s h i n g  management s t ra tegy  E2B has more r i s k  because o f  the  p o t e n t i a l  f o r  

' d r i v i n g  t h e  Mathers Creek chum salmon stock t o  e x t i n c t i o n .  

As wi th  enhancement ept icn  E2, t he  p r c j e c t i o n s  f o r  the t h i r d  enhancement 

o p t i o n  a re  very  dependant on the  management s t ra tegy .  The pro jec ted 

escapement t rends fo r  chum salmon are s im i la r ,  w i t h  the  P a l l a n t  Creek stock 

a t  t a r o e t  and t h e  Mathers Creek stock at  about h a l f  i t s  t a rge t .  Pink salmon 

stocks would increase as i n  the  s ta tus  quo i n  E3A and would decl ine i n  E3B. 

I n  the  l a t e  f i s h i n a  opt ion, coho salmon escapements would exceed ta rget  i n  

P a l l a n t  Creek, wh i l e  i n  the  e a r l y  f i s h i n g  op t ion  coho salmon escapements i n  
> 
bo th  P a l l a n t  and Mathers Creeks would be near ta rpe t .  I n  both E3A and E3B 

catch o f  chum salmon would be about 60,000 more than i n  the  status quo but  

qua1 i t y  would be very  d i f f e r e n t .  The value o f  the  opt ions are estimated a t  

$1 m i l l i o n  f o r  E3A and $7.8 m i l l i o n  f o r  E3B. Option E3B i s  the most cost 

e f f e c t i v e  o f  a l l  op t ions  analyzed w i t h  an est imated $4.7  o f  bene f i t  for each 
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do1 l a r  o f  government expenditure. As w i t h  the  s ta tus  quo, r i s k  i s  ra ted as 

moderate f o r  E3A. However, E3B has a  h igh r i s k  fac tor  because of the  

p o t e n t i a l  f o r  overharvest ing the  Mathers Creek chum stock i n  the e a r l y  

f i shery .  

The enhancement op t ion  o f  increas ing coho salmon product ion and 

s a t e l l i t i n g  Mathers Creek chum salmon, E4B, r e s u l t s  i n  s i m i l a r  escapement 

t rends as observed f o r  E3B, w i t h  the exception t h a t  the Mathers Creek coho 

salmon remain a t  a  r e l a t i v e l y  low leve l .  Catch i s  p ro jec ted t o  increase by 

about 45,000 chum salmon and 20,000 coho salmon. This opt ion  would meet 

approval w i t h  the  i n d u s t r y  because i t  provides add i t i ona l  f i s h i n g  

oppor tun i t i es  w i t h  the  add i t i on  o f  the  coho salmon net f i she ry ,  and improves 

the  chum salmon f i s h e r y  i n  terms o f  t i m i n g  and catch q u a l i t y .  The pro jec ted 

b e n e f i t s  f rom t h i s  op t i on  are estimated a t  $7.4 m i l l i o n .  It i s  a  h i g h l y  cost  

e f f e c t i v e  o p t i o n  w i t h  a  rank r a t i o  o f  4. The r i s k  associated w i t h  t h i s  

op t i on  i s  very h igh  because o f  the  p o t e n t i a l  f o r  overharvest ing the Mathers 

Creek chum and coho salmon stocks, and because t h e  Pal l a n t  Creek f a c i l i t y  may 

not  be s u i t a b l e  f o r  l a r g e  scale coho salmon product ion due t o  lack of around 

water. 

As w i t h  the  management options, i t  i s  apparent t h a t  no one enhancement 

op t ion  i s  t h e  obvious choice. Each invo lves  t radeo f f s .  The p o t e n t i a l  

benef i ts  f rom r e b u i l d i n g  pink salmon stocks ( E l )  are o f f s e t  by the h igh r i s k  

t h a t  i t  may not be a  f e a s i b l e  opt ion  and the  l i k e l i h o o d  t h a t  the  Mathers 

Creek chum salmon stocks would remain a t  low leve ls .  The r e l a t i v e l y  good 

escapement l e v e l s  f o r  a l l  stocks as pro jec ted i n  E2A and E3A are countered by 

the  marginal b e n e f i t s  t h a t  would be received over 40 years. The hiqh values 
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associated with the options involving early fisheries -- E2R,E3B and E4B -- 
are offset by the high risk of depletinq the Mathers Creek stock, and the 

various concerns regarding the potential success of the enhancement strategy. 

10.0 RECOMMENDATIONS 

In evaluating these options it is apparent that there are two main 

issues regarding biological stability of the stocks that require 

consideration before any option can be recommended. First, are the pink 

salmon worth saving, and second, is the Mathers Creek chum salmon stock worth 

saving? 

The Cumshewa pink salmon are believed to be intercepted 'in outside 

fisheries and have therefore been contribution to catch. However they have 

not recently been at a high enough abundance to be fished locally in Cumshewa 

Inlet. There is some speculation that pink salmon production may be limited 

by chum salmon production in the same stream and fishery officers indicated 

that the target escapements set for pink and chum salmon are not based on 

consideration of the abundance of the other species. Since chum salmon are 

currently being enhanced, it is likely that chum salmon targets could be met 

consistently in the future and pink salmon production may be limited. 

Model projections that indicate management actions to rebuild or 

maintain pink salmon stocks including the status quo and quotalterminal 

fishery option will require forgoing options which could provide benefits in 

the order of $4 to $5 million. On the other hand, the enhancement option 

which could rebuild pink salmon (El) is projected to provide benefits in the 

order of $5 million. However, there is uncertainty as to the potential 
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success o f  t h i s  p a r t i c u l a r  op t i on  since the re  i s  doubt regarding t h e  

f e a s i b i l i t y  o f  enhancing pink salmon. Even i f  the  op t ion  were feas ib le ,  i t  

i s  quest ionable whether Canada would receive the  bene f i t s  since the f i s h  may 

be in te rcep ted  i n  Alaskan f i she r ies .  Unless the  f i s h  were i d e n t i f i e d  by 

code-wire tags, Canada would not  receive c r e d i t .  Also, consider ing t h e  

l i m i t e d  budget and Federal Government p o l i c i e s  regarding r e s t r a i n t ,  E l  i s  t h e  

most c o s t l y  op t i on  but  i s  not  the  most cost e f f e c t i v e .  

' Should opt ions  t h a t  do not  r e b u i l d  p ink salmon stocks be re jec ted  on 

t h a t  bas is?  Pink salmon are not a threatened species and there are numerous 

p ink  salmon stocks i n  the  Queen Char lo t te  Is lands.  The costs o f  main ta in ing  

the  p ink  salmon stocks i n  Cumshewa I n l e t  are high, both from the perspect ive  

o f  forepone oppor tun i t i es  and enhancement costs. Therefore, i t  i s  

recommended t h a t  p ink  salmon be considered a pass ive ly  managed species i n  

Cumshewa, and t h a t  t h e  f i s h e r y  and enhancement s t ra tep ies  be p r i m a r i l y  

d i r e c t e d  at  chum salmon. 

The issue o f  conservina Mathers Creek chum salmon i s  another quest ion. 

The cos ts  o f  rebu i  l d i n g  through management a c t  ions seem unreasonably hish, 

y e t  t he re  i s  b i o l o g i c a l  value i n  main ta in ing  t h i s  stock f o r  genetic reasons. 

Th is  stock i s  no t  c u r r e n t l y  r e b u i l d i n g  and i s  p ro jec ted  t o  remain a t  

r e l a t i v e l y  low l e v e l s  i f  the  cur rent  balance i n  enhancement continues. 
-! 

Because of b i o l o g i c a l  concerns f o r  main ta in ing  t h i s  stock, i t  would be 

worthwhi le concent ra t ing  enhancement e f f o r t s  on the  Mathers Creek chum salmon 

stock t o  g i ve  it a boost i n  rebu i l d ing .  Enhancement opt ions EZA, EZB, E3A, 

E3B and E4B a l l  increase the  chum salmon escapement t o  Mathers Creek over 

t h a t  expected i n  the  s ta tus  quo.Althouah escapement would only reach about 

h a l f  t h e  ta rge t ,  i t  i s  recommended t h a t  one o f  these opt ions be chosen s ince 

they  would be a step i n  the  d i r e c t i o n  o f  improving the  s ta tus  o f  the Mathers 

Creek chum salmon stock. 
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The choice as t o  which o f  these opt ions t o  recommend i s  d i f f i c u l t .  The 

greates t  p o t e n t i a l  b e n e f i t s  are w i th  €20. However the r i s k  i s  very h igh t h a t  

w i t h  the  s t r a t e g y  o f  f i s h i n g  the chum salmon early,  the  Mathers Creek stock 

may be depleted before  enhancement can c o n t r i b u t e  t o  i t s  rebu i ld ing .  I f  i t  

became apparent t h a t  t he  boundary r e s t r i c t i o n s  d i d  not adequately p ro tec t  t h e  

Mathers Creek f i s h ,  the  managers would r e v e r t  back t o  the  s ta tus  quo 

management w i t h  l a t e r  chum salmon f i s h e r i e s  (E2A). This would provide 

s i g n i f i c a n t l y  fewer b e n e f i t s  and i t i s  on ly  marq ina l l y  cost  e f f e c t i v e .  These 

opt ions  both r e q u i r e  b u i l d i n g  a f a c i l i t y  at  the  Mathers Creek s i t e  which 

invo lves  considerable expense and has a r i s k  of f a i l u r e .  

Both op t ions  E3B and E4B o f f e r  r e l a t i v e l y  h igh bene f i t s  and are the most 

cos t  e f f e c t i v e  opt ions.  However, both these a lso have a h igh  r i s k  o f  

dep le t i ng  t h e  Mathers Creek chum salmon stock i f  the assumptions regarding 

restr ic t l !ons prove f a l s e ,  I n  t h i s  case, the  manaaers could r e v e r t  back t o  

the  s ta tus  quo management w i t h  E3A, but would not be able t o  w i t h  €40 because 

an e a r l y  f i s h e r y  f o r  coho salmon f i s h e r y  i s  the  basis f o r  t h i s  opt ion. 

Therefore, cons ider ing  the  r i s k s  associated w i t h  developing t h e  Pal  l an t  Creek 

s i t e  as a coho salmon f a c i l i t y  because of ground water considerat ions, and 

the  p o t e n t i a l  f o r  dep le t i ng  the Mathers Creek chum salmon stock, op t i on  E4B 

_ i s  not recommended a t  t h i s  time. 

I n  conc'lusion, i t  i s  recommended t h a t  op t i on  E3B be implemented. I t  

has the  p o t e n t i a l  t o  prov ide  r e l a t i v e l y  h igh  b e n e f i t s  very cost e f f e c t i v e l y .  

Although the re  i s  a r i s k  t h a t  the r e s t r i c t i o n s  imposed t o  p ro tec t  the  Mathers 

Creek stock may not be e f fec t i ve ,  t he  s ta tus  auo management s t ra tegy  (E3A) 

could be implemented as an a l t e r n a t i v e .  I n  t h i s  case the bene f i t s  would be 
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marginal,  b u t  t he  o v e r a l l  costs would be minimal compared t o  the other  

opt ions.  

Opt ion  E3B could be viewed as an experimental approach. It provides t h e  

oppor tun i t y  t o  t e s t  the assumptions associated w i t h  the  e a r l y  f i s h e r y  

s t r a t e g y  and a lso  provides a means f o r  r e b u i l d i n g  the  Mathers stock. It a lso  

prov ides  an op t ion  f o r  t e s t i n g  the  f e a s i b i l i t y  o f  pink salmon enhancement. 

Because o f  t he  uncer ta in t ies ,  the management i n  Cumshewa I n l e t  would have t o  

be adaptive and respond t o  i nd i ca t i ons  i n  the  i n i t i a l  years so as t o  not r i s k  

e l i m i n a t i n g  t h e  Mathers Creek chum salmon stock. Managers should monitor t h e  

e a r l y  f i s h e r y  c a r e f u l l y  and evaluate the  effect iveness o f  t he  r e s t r i c t i o n s  by 

comparing harves t  ra tes  between t h e  P a l l a n t  and Mathers Creek chum salmon 

stocks. 

Proceeding w i t h  op t ion  E3B does not r e q u i r e  foregoing the  oppor tun i t i es  

o f  cther ogtiens a t  a l a t e r  date, Rather i t  would e l im ina te  some 

u n c e r t a i n t i e s  and i d e n t i f y  other p o t e n t i a l  opt ions i n  the fu ture .  I f  t h e  

area r e s t r i c t i o n s  prove successful, and the  Mathers Creek stock rebui lds,  i t  

may be wor thwhi le  re -eva luat ing  t h e  op t ion  f o r  a major Mathers Creek 

f a c i l i t y .  Dur ing the  next few years, s tudies could be d i rec ted  a t  t e s t i n g  

t h e  water suppl ies a t  Mathers Creek, and i n  i d e n t i f y i n g  whether Cumshewa f i s h  

, are a major concern i n  other  f i s h i n a  areas. However, i f  the assumptions 

prove fa lse,  i t  would be apparent t h a t  the p ro jec ted  bene f i t s  o f  Options EZB, 

E3B and E4B are not  achievable. Other s t ra teg ies  may be necessary t o  a s s i s t  

t h e  Mathers Creek stock i n  rebu i l d ing .  



Appendix 1 

Summary o f  incremental operat ions cost  estimates f o r  each enhancement op t ion  

Table 1.1 Incremental Operat ions Cost Estimates f o r  Opt ion E l  
Hatchery Expansions a t  P a l l a n t  and Mathers Creeks 

Incremental cos ts  
associated w i t h  increased egg Tota l  costs fo r  Pal  l a n t  

PALLANT CREEK capac i t y  a t  P a l l a n t  Creek Creek expansion 
FACILITY COSTS tven Year Even Year Odd Year 

Labour Requirements 
1 )  Incubat i o n  

Persons 
Weeks 

2) Rearing 
Persons 
Weeks 

3 )  Brood c o l l e c t i o n  
Persons 
Weeks 

To ta l  Person Weeks 

Chum Salmon Pink Salmon Coho Salmon 
(4M eggs) (5M eggs) (364K eggs) 

Labour Costsa 

F ish  ~ o o d b  

Markingc 

F ry  ~ r a n s ~ o r t d  

To ta l  Costs f o r  
P a l l a n t  Creek Expansion 

Notes 
' aLabour costs based on ($650/wk wages & $100/wk support) .  

b ~ i s h  food cos ts  based on conversions of 1.5 f o r  chum, 1.6 f o r  chinook and coho, 
and food costs o f  $.75/lb. 

CMarking cos t  based on f100/1000 f i s h .  
d ~ r a n s p o r t  costs based on $455/hr and 112 h r  t u r n  around. 



MATHERS CREEK FACILITY COSTS 

Assume costs  w i l l  be s i m i l a r  t o  the e x i s t i n g  P a l l a n t  Creek f a c i l i t y  since 

capac i t y  i s  s l i g h t l y  less w i t h  6.4 M eggs chum and pink salmon combined. 

F a c i l i t y  w i l l  r e q u i r e  f u l l  s taf f  and expenses t o  operate except i n  odd years 

when requirements would be about 213 the  cost  because no p ink salmon would be 

incubated. 

Expenses are  increased by 20% t o  account f o r  increased costs due t o  

i s o l a t i o n .  

Even Year $ Odd Year $ 

Wages 200000 

Expenses 280000 

I s o l a t i o n  Factor  56000 

To ta l  Cost o f  Mathers 536000 

Creek Expanr ion 

TOTAL ANNUAL COST FOR 

EXPANSION OF BOTH FACILITIES 

Pal l a n t  Creek Expansion 85976 

Mathers Creek Expansion 536000 

-, Tot a1 621976 396976 



Table 1.2 Incremental Operat ional  Cost Est imates f o r  Opt ion  E2: 

Hatchery Expansion a t  Mathers Creek 

Capac i ty  10 m i l l i o n  chum and 200,000 coho salmon eggs 

Assume s i m i l a r  cos ts  as a t  t h e  P a l l a n t  Creek f a c i l i t y  s ince capac i ty  i s  

s i m i l a r .  However expenses are increased 20% t o  account f o r  i s o l a t i o n  costs. 

W aqe s 200000 

Expenses 280000 

I s o l a t i o n  Fac tor  56000 

T o t a l  Annual Cost 536000 
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Table 1.4 Incremental Operations Cost Est imates fo r  Option E4 
Expansion f o r  Coho Salmon Product ion a t  Pal l a n t  Creek 

Incremental cos ts  associ ated w i t h  increased eqg capac i t y  

Mathers Ck. Chinook Mathers Ck. Pal l a n t  Ck. 
Chum Salmon Salmon Coho Salmon Coho Salmon Tota l  

Labour Requirements (3.9M eggs) (100K eggs) (200K egss) (775K egos) Costs 

1 )  Incubat ion  
Persons 

Weeks 0 0 0 0 0 

2) Rearing 
Persons 3 0 0 1 4 

Weeks 8 0 0 5 2 60 

3 )  Brood c o l l e c t i o n  
Persons n /a n/a 0 0 0 

Weeks n /a n /a 0 0 0 

To ta l  Person Weeks 24 

Labour Costs* 18000 

F ish  Food 6447 

Marking 5000 

F ry  Transport 22750 

Broodstock C o l l e c t i o n  
Contract 85000 

Shipping 

T o t a l  Costs f o r  
Pal l a n t  Creek Expansion 137197 
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