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ADF&G TECHNICAL DATA REPORTS 

This se r ies  o f  repo r t s  i s  designed t o  f a c i l i t a t e  prompt 
r e p o r t i n g  of data from s tud ies  conducted by the  Alaska 
Department of F ish and Game, e s p e c i a l l y  s tud ies  which 
may be o f  d i r e c t  and imnediate i n t e r e s t  t o  s c i e n t i s t s  
o f  o the r  agencies. 

The pr imary purpose of these repo r t s  i s  p resenta t ion  of 
data. Desc r ip t i on  of programs and data c o l l e c t i o n  methods 
i s  inc luded o n l y  t o  the  ex ten t  requ i red  f o r  i n t e r p r e t a t i o n  
o f  the  data. Ana lys is  i s  genera l l y  1  i m i  t ed  t o  t h a t  neces- 
sary  f o r  c l a r i f i c a t i o n  o f  data c o l l e c t i o n  methods and 
i n t e r p r e t a t i o n  o f  t he  bas ic  data. No attempt i s  made i n  
these r e p o r t s  t o  present  ana lys i s  o f  t he  data r e l a t i v e  t o  
i t s  u l t i m a t e  o r  intended use. 

Data presented i n  these repo r t s  i s  intended t o  be f i n a l ,  
however, some r e v i s i o n s  may occas iona l ly  be necessary. 
Minor r e v i s i o n  w i l l  be made v i a  e r r a t a  sheets. Major 
r e v i s i o n s  w i  11 be made i n  the form o f  rev i sed  repo r t s .  
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ABSTRACT 

Four t rawl surveys (two sp r ing ,  two f a l l )  t o  a s s e s s  shrimp abundance were 
conducted among s e l e c t  bays i n  Kodiak and Chignik D i s t r i c t s  of  Alaska in  
1985. Pink shrimp (Panda7us bo rea l i s )  were t h e  t a r g e t  spec i e s  f o r  t h e  
s t r a t i f i e d - s y s t e m a t i c  surveys.  Anc i l l a ry  information on t h e  biomass of  f i s h  
and o t h e r  decapods was obtained along with d a t a  on water  temperatures .  
Deta i led  d e s c r i p t i o n s  of  t h e  trawl ing gea r ,  on-board procedures,  and sampl ing 
and survey des igns  a r e  g iven .  Biomass ind ices  f o r  a l l  major t a x a  caught i n  
t h e  t r a w l s  (with var iances  f o r  shrimp) and abundance ind ices  f o r  pink shrimp 
by age and sex a r e  given f o r  each surveyed a rea .  

KEY WORDS: p ink shrimp, Panda7us borea7is ,  t rawl surveys ,  sampling and 
survey des igns ,  abundance ind ices ,  Kodiak, Chignik. 



INTRODUCTION 

Data ob ta i ned  th rough  annual t r a w l  surveys i s  used t o  assess t h e  abundance of 
p a n d a l i d  shr imps f o r  f i s h e r i e s  management i n  t h e  Westward Region. T h i s  r e p o r t  
c o n t a i n s  t h e  r e s u l t s  f r om  f o u r  surveys conducted i n  t h e  Kodiak I s l a n d  and 
Ch ign i k  D i s t r i c t s  d u r i n g  1985. For  each f i s h i n g  area these surveys p r o v i d e  a  
s e r i e s  o f  s t ock  abundance i n d i c e s  and s i z e  composi t ion da ta  which i s  used t o  
mon i t o r  r e c r u i t m e n t ,  growth,  and t h e  e f f e c t s  o f  f i s h i n g  on p a n d a l i d  shrimp 
s tocks .  I n f o r m a t i o n  on bo th  abundance and s i z e  a re  used t o  open and c l ose  
f i s h i n g  s e c t i o n s  accord ing  t o  c r i t e r i a  i n  t h e  management p l a n  r e p o r t e d  i n  
Jackson e t  a l .  1983 and adopted by t h e  A laska Board o f  F i s h e r i e s  (ADF&G 
1984).  

DESCRIPTION OF SURVEYED SECTIONS 

The shr imp f i s h e r y  i n  t h e  Westward Region i nc l udes  a l l  P a c i f i c  Ocean waters  
south o f  Cape Douglas, west o f  Cape F a i r f i e l d ,  eas t  o f  172" E. seaward t o  t h e  
300 fathom con tour ,  and a l l  Ber ing  Sea waters  eas t  o f  172" E.  The area i s  
r e f e r r e d  t o  as S t a t i s t i c a l  Area J  by t h e  Board o f  F i s h e r i e s  (ADF&G 1984) and 
i s  d i v i d e d  i n t o  f i v e  f i s h i n g  d i s t r i c t s :  Kodiak,  Ch ign ik ,  South Peninsu la ,  
Nor th  Peninsu la ,  and A l e u t i a n .  A l l  d i s t r i c t s  except  t h e  No r th  Peninsu la  
c o n t a i n  severa l  f i s h i n g  sec t i ons  w i t h i n  which t h e  m a j o r i t y  o f  commerci a1 
t r a w l i n g  occurs .  A l l  r e f e rences  t o  shr imp d i s t r i c t s  and s e c t i o n s  th roughou t  
t h i s  r e p o r t  a re  i n  accordance w i t h  t h e  geographica l  u n i t s  shown i n  F i gu re  1. 

HISTORY OF SURVEY PROGRAM 

Shrimp s tock  assessment surveys have been conducted i n  t h e  Westward Region 
s i nce  A p r i l  1971 (Gaf fney 1977; Jackson 1973, 1974, 1975, 1980, 1981).  The 
f i r s t  two yea rs  o f  surveys concen t ra ted  on o b t a i n i n g  i n f o r m a t i o n  on t h e  
i nsho re  l i f e  h i s t o r y  and s tock  d i s t r i b u t i o n  o f  panda l i d  shr imp on t h e  eas t  
s i d e  o f  Kodiak I s l a n d .  S ince 1973, t h e  surveys have been used t o  o b t a i n  
abundance i n d i c e s  o f  ma jo r  p a n d a l i d  shr imp s tocks  i n  t h e  Westward Region. The 
Na t i ona l  Mar ine F i s h e r i e s  Se rv i ce  (NMFS) and t h e  Alaska Department o f  F i sh  
and Game (ADF&G) shared survey e f f o r t s  d u r i n g  t h e  1970's th rough  an i n f o rma l  
coope ra t i ve  agreement; ADF&G focused survey e f f o r t  on t h e  Kodiak D i s t r i c t  
w h i l e  NMFS concen t ra ted  on Chign i  k, South Peninsu la ,  and A l e u t i a n  D i s t r i c t s .  
The two agencies d i v i d e d  survey ing  o f  t h e  Ch ign i k  D i s t r i c t  f rom 1974 t o  1978 
w i t h  ADF&G su rvey ing  i n  t h e  s p r i n g  and NMFS i n  t h e  f a l l .  S ince 1979, ADF&G 
has assumed r e s p o n s i b i l i t y  f o r  su rvey ing  a l l  shr imp f i s h i n g  s e c t i o n s  i n  t h e  
Westward Region w i t h  t h e  excep t i on  o f  Pav lo f  Bay, which NMFS con t inues  t o  
survey each f a1  1  . 



. ,59N 

Chignik D i s t r i c t  
14.  Kuju l ik  Bay 
15. Chignik Bay 0 
16.  Kuiukta Bay 
17. Mi t ro f an i a  I s l a n d  
18. Ivanof Bay 

South Pen insu l a  D i s t r i c t  
19.  Stepovak Bay 
20. Unga S t r a i t  - 57N 
21. Beaver Bay 
2 2 .  Pavlof  Bay 
23. Be lko f sk i  Bay 
24 .  Morzhovoi Bay 

Kodiak D i s t r i c t  7b. A l i t a k  F l a t s  
1. Marmot I s l a n d  8. Olga Bay 
2. Marmot Bay 9.  Uyak Bay 
3. Chiniak Bay 10.  Uganik Bay 
4. Ugak Bay 11. Kukak Bay 

- 55N 

5. K i l i uda  12. Pua le  Bay 
6.  Twoheaded 1 s l and l3 .  Wide Bay 

7 a .  A l i t a k  Bay 
I I I I I 

165W 
, 

16 3W 161W 159W 157W 155W 153W 151W 
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METHODS 

Trawlinq Procedure 

For each tow, the net (see Appendix A for  gear description) was kept on the 
bottom for  about 30 minutes and was towed a t  a speed of 2 knots along a 
s t ra ight  path into the t ide  and parallel  t o  ( b u t  not on) a bottom edge. Warp 
lengths were se t  a t  a 3:l r a t io  with depth. Tows were made during ful l  
daylight hours during periods of normal t ides  and weather when pink shrimp 
(Pandalus boreal is), the target  species, are expected near the bottom 
(Parsons and Sandeman 1981; Frechette e t  a l .  1981). In the event a tow was 
unsuccessful (i . e . ,  net snagged the bottom, twisted, or was improperly s e t ) ,  
the net was retrieved and mended, chains were adjusted to  standard lengths, 
and the se t  was repeated or dropped from the schedule. For each successful 
tow, the codend was brought aboard and weighed with a 10,000 pound capacity 
load cel l  before and a f t e r  release of the catch into deck bins. 

Survey Desiqn 

Four surveys were conducted in 1985, two in the spring and two in the f a l l .  A 
stratified-systematic survey design with random selection or towing s tat ions 
was used in each area surveyed (see Cochran 1977). The primary objective of 
these surveys was t o  index the biomass of pink shrimp in each survey area. 
Each surveyed area was divided into s t r a t a  based on information on 
dis t r ibut ion of biomass from previous surveys, past commercial catches, and 
s ize of the surveyed area (the surveys in small bays and in l e t s  were not 
s t r a t i f i e d ) .  Within each stratum, one tow was made for every two t o  four 
square nautical miles. Previous surveys have shown that  t h i s  density of tows 
would generally produce biomass indices of pink shrimp that  were within 2 25% 
of the t rue  values 80% of the time (Jackson e t  a1. 1983). Tow stat ions were 
selected from grids drawn over nautical charts within each stratum. 

Biomass indices were calculated as scaled estimates of pounds per stratum 
through an area-swept calculation. The weight of each taxon in a l l  tows was 
adjusted for  devi a t  ions from standard procedures: 

where W1(ijkx) i s  the unadjusted catch weight of taxon k caught in stratum j 
in area i during t o w  x, and W(ijkx) i s  the same weight a f t e r  adjustment 
(uni ts  are pounds per nautical mile towed); 30 i s  the number of minutes in a 
standard tow, while T i s  the number of minutes in t o w  i j x ;  2 i s  the standard 
speed during towing ( in  knots), while S i s  the actual,  average surface speed 
(knots) of the vessel during the i j x  tow. The biomass index for  each stratum 
i s  a scaled estimate of the biomass swept up by the trawl and expanded by the 
area of the stratum: 



where i ( i j k . )  i s  t h e  ad jus ted  ca tch  weights  averaged over  t h e  r e p l i c a t e  tows 
i n  area i s t ra tum j f o r  taxon  k ;  I i s  t h e  index  f o r  area i ,  s t ra tum j , and 
taxon k ;  6076 i s  t h e  number o f  f e e t  i n  a  n a u t i c a l  m i l e ;  and 32 i s  t h e  
es t imated  number o f  f e e t  swept by t h e  n e t  d u r i n g  an i n s t a n t  o f  t ime.  The 
biomass index  f o r  each area i i s  a  sca led  es t ima te  o f  t h e  biomass swept and 
expanded by t h e  t o t a l  area: 

where I ( i k )  i s  t h e  index  f o r  speci,es k  i n  area i .  The mean c a t c h  we igh t  i n  
pounds t r a w l e d  p e r  n a u t i c a l  m i l e  i s  t h e  sum o f  t h e  means f o r  each s t r a tum 
weighted by i t s  area: 

where A ( i )  i s  t h e  square n a u t i c a l  m i l e s  i n  area i .  The var iances  o f  I ( i j k J ,  
W( ik ) ,  and I ( i k )  a re  c a l c u l a t e d  accord ing t o  equat ions:  

6076 t 
4 VII(ijk)l = [ 12 ] VIW(~ jk. ) lA(i j) 

I n d i c e s  were c a l c u l a t e d  f o r  p i n k  shrimp, humpy shr imp (P. goniurus), 
c o o n s t r i p e  shr imp (P. hypsinotus), s i d e s t r i p e  shr imp (Panda7opsis d i spar ) ,  
and severa l  t a x a  o f  f i s h  i n c i d e n t a l l y  caught i n  t h e  t r a w l s .  C a l c u l a t i o n s  
based on Equat ions 1-5 were made w i t h  a  s e r i e s  o f  FORTRAN programs i n  t h e  
l i b r a r y  DGGAFFNEY on t h e  Honeywell Computer a t  t h e  U n i v e r s i t y  o f  Alaska 
Computer Network. 



Each t r a w l  ca t ch  was processed us ing  t h e  b a s i c  sh ipboard procedures descr ibed  
i n  Hughes (1976). F i r s t ,  a l l  h a l i b u t  (Hippoglossus s teno lep i s ) ,  ska te  (Raja 
sp.) , r e d  k i n g  c rab  (Para1 i t hodes  camtschat ica),  and Tanner c rab  
(Chionoecetes b a i r d i ) ,  r o c k f i s h  (Sebastes sp. ) , and b l  ackcod (Anoplopoma 
f i m b r i a )  were counted and weighed by taxon. Next,  a 50-100 pound sample of  
shr imp and f i s h  were taken  randomly f rom t h e  remain ing ca tch .  A l l  animals i n  
t h e  sample except  shr imp were counted and weighed by taxon. The we igh t  o f  a 
taxon  i n  t h e  tow was es t imated  as: 

(Weight o f  taxon i n  the sample)(Weight o f  tow) 
W ' ( i j k x )  = 

Weight o f  sample 

where W ' ( i j k )  i s  t h e  unadjusted ca t ch  we igh t  descr ibed  i n  Equat ion 1. Then, 
t h e  f i r s t  o f  severa l ,  s y s t e m a t i c a l l y  drawn f i ve -pound subsamples o f  shrimp 
was s o r t e d  and weighed by species.  On board, t h e  carapace was measured on 
200-300 shr imp o f  each spec ies t h a t  comprised a t  l e a s t  30% by we igh t  o f  t h e  
subsample. Each carapace was measured t o  t h e  neares t  .5 mm f rom t h e  p o s t e r i o r  
marg in  o f  t h e  eye socket  t o  t h e  p o s t e r i o r  m id -po in t  o f  t h e  carapace. 
A d d i t i o n a l  s y s t e m a t i c a l l y  drawn f ive-pound subsamples, one f o r  each 500 
pounds o f  shr imp i n  t h e  tow, were mixed w i t h  s i m i l a r  subsamples drawn f rom 
o t h e r  r e p l i c a t e  tows i n  t h e  s t ra tum t o  form a t o t a l  subsample ( h e r e a f t e r  
c a l l e d  a composite subsampl e)  f rom t h e  e n t i r e  stratum. When f i ve -pound 
subsamples were n o t  a v a i l  ab le  due t o  i n s u f f i c i e n t  shrimp catch,  a l l  rema in ing  
shr imp were p u t  i n  t h e  composite subsample. 

A f t e r  each tow was made i n  a s t ra tum,  f i v e  t o  t e n  pounds o f  shr imp were 
s y s t e m a t i c a l l y  se lec ted  f rom t h e  composite subsamples and were preserved i n  
i sopropy l  a l coho l  . A f t e r  t h e  survey, t h e  preserved shr imp were counted, 
weighed, and measured (carapace l e n g t h  as on t h e  vesse l )  by  spec ies and by 
sex. Sex was determined u s i n g  t h e  p rogress ion  out1 i ned  i n  A l l e n  (1959). 

Sex and Aqe C o m ~ o s i t i o n  

Sex compos i t ion  o f  each s t r a tum was es t imated  w i t h  one o r  two procedures. I f  
l eng th - f r equency  i n f o r m a t i o n  was a v a i l a b l e  f o r  each tow made i n  a s t r a tum* ,  
t h e  sex compos i t ion  o f  each l e n g t h  ca tegory  o f  t h e  composite subsample was 
used t o  es t ima te  abundance by sex ( t h e  combinat ion method): 

m(i  j k l s )  W(i j k x )  
6 )  N ( i  j k l s )  = Ex n ( i  j k l x )  

m(i  j k l  ) d  w( i  j k x )  1 
where N ( i j k 7 s )  i s  t h e  es t imated  number o f  i n d i v i d u a l s  i n  t h e  taxon  pe r  
n a u t i c a l  m i l e  towed w i t h  l e n g t h  1 and sex s i n  t he  s t ra tum,  m( i j k1s )  i s  t h e  
number w i t h  l e n g t h  1 and sex s i n  t h e  composite subsample f rom t h e  s t ra tum,  
m( i j k1 )  i s  t h e  number w i t h  l e n g t h  7 i n  t h e  composite subsample, w ( i j k x )  i s  
t h e  we igh t  o f  t h e  taxon i n  t h e  composite subsample f rom tow x ,  W(ijkx) i s  t h e  
we igh t  o f  t h e  taxon  i n  tow x, n ( i j k 1 x )  i s  t he  number o f  i n d i v i d u a l s  i n  t h e  



taxon o f  l e n g t h  7 i n  tow x o f  those shrimp measured onboard, and d i s  t h e  sum 
o f  t h e  n a u t i c a l  m i l e s  towed i n  t h e  s t ra tum.  

When tow-by-tow i n f o r m a t i o n  was n o t  a v a i l a b l e  t o  use i n  t h e  combinat ion 
method ( u s u a l l y  because o f  t o o  few shr imp pe r  tow t o  meet t h e  sampling goal  
f o r  onboard measurement o f  l eng th - f r equency ) ,  t h e  l e n g t h  frequency o f  t h e  
composite subsampl e was used ( t h e  simp1 e method) : 

m ( i  j k l s )  
7 N ( i j k 1 s )  = 2 Zx W ( i j k x )  

d w ( i  j k )  m ( i  j k )  

where W(ijk) i s  t h e  weight  o f  t h e  composite subsample f o r  taxon  k f rom 
s t ra tum j i n  area i, m( i j k )  i s  t h e  number o f  shr imp i n  t h e  composite 
subsample f rom t h e  s t ra tum.  Because t h e  combinat ion method produced es t imates  
w i t h  b e t t e r  p r e c i s i o n  than  d i d  t h e  s imp le  method, t h e  combinat ion method was 
used whenever p o s s i b l e  (Watson and Bernard, 1986). An es t ima te  of sex 
compos i t ion  by l e n g t h  f o r  each area i s  t h e  sum o f  N ( i j k7s )  over  a l l  s t r a t a  
w i t h i n  an area. 

Bas ic  c a l c u l a t i o n s  o f  N ( i j k1s )  f o r  each s t r a tum were made w i t h  a s e r i e s  o f  
FORTRAN programs named ESTIMATE on t h e  Honeywell Computer a t  U n i v e r s i t y  o f  
Alaska. The ESTIMATE program i s  p a r t  o f  a l i b r a r y  o f  programs named 
DGGAFFNEY. 

The abundance o f  p i n k  shr imp by age i n  an area was es t imated  by sepa ra t i ng  
modes i n  h is tograms o f  N ( i j k7s )  over  l eng ths  by sex (Anderson 1981); 
F reche t t e  and Parsons 1983; Tesch 1971) (Appendix El ) .  Modes f o r  male 
f requencies were assigned ages as I, 11, o r  111 r e l a t i v e  t o  s i m i l a r  
assignments made f o r  h is tograms f rom pas t  surveys (Jackson 1980; 1981) and 
f o r  h is tograms o f  samples taken f rom commercial catches (McCrary and Petersen 
1970; Petersen 1969; Petersen and McCrary 1969). Modes f o r  t r a n s i t i o n a l  
shr imp (an i n t e r m e d i a t e  sex stage between male and female i n  protandrous 
hermaphrodi tes)  were assigned ages as 11, 111, o r  I V  accord ing  t o  t h e i r  
p o s i t i o n s  r e l a t i v e  t o  modes f o r  males. Because l a r g e r  males i n  an age group 
a re  t h e  f i r s t  t o  become t r a n s i t i o n a l s  (Rasmussen 1953), t h e  modes f o r  
t r a n s i t i o n a l s  a r e  s l i g h t l y  l a r g e r  than  modes f o r  males o f  t h e  same age. 
However, modes a t  about t h e  same l e n g t h s  f o r  females and f o r  t r a n s i t i o n a l s  
were ass igned t h e  same ages. Females were assigned ages as 11, 111, I V ,  V, o r  
V I .  Whenever ad jacen t  modes w i t h i n  a sex cou ld  be separated by eye, t h e  
f requenc ies  were summed over  t h e  separate ranges t o  o b t a i n  es t imates  of 
abundance by mode (age). Whenever ad jacen t  modes w i t h i n  a sex c o u l d  n o t  be 
separated by eye, t h e  computer r o u t i n e  NORMSEP developed by Tomlinson (1971) 
(based on t h e  procedure o u t l i n e d  i n  Hasselb lad 1966), was used t o  es t ima te  
t h e  f r a c t i o n  o f  N ( i j k7s )  f o r  each l e n g t h  ca tegory  i n  t h e  ove r l app ing  zone 
between t h e  modes. Each N ( i j k7s )  was then  p r o r a t e d  by t h e  f r a c t i o n s  and 
summed acco rd ing l y  t o  es t ima te  abundance f o r  each age (mode). The program 
NORMSEP was used on an IBM P C - 2  microcomputer.  



RESULTS 

Kodiak Stocks 

Biomass Indices: 

Fourteen fishing sections were surveyed in the Kodiak District during 1985 
with 137 tows successfully completed. A spring survey was conducted in 
Chiniak Bay and fall surveys were conducted in Marmot Bay, Marmot Island, 
Ugak Bay, Kil iuda Bay, Twoheaded Is1 and, A1 itak Flats, Uyak Bay, Ugani k Bay, 
Kukak Bay, Wide Bay and Puale Bay Sections. Both spring and fall surveys were 
conducted in A1 i tak Bay and Olga Bay. Biomass indices were generated for each 
shrimp species and for all fish as a group for each survey and for each area 
(Table 1). Detailed information on biomass indices of shrimp species as well 
on water temperatures, strata sizes, and towing history is in Appendix C. 
Relative to the variances of the indices, biomass of pink, humpy, and 
coonstripe shrimp generally did not change significantly from spring to fall 
in the Kodiak District (Table 1). Surveys in Alitak and Olga Bays showed no 
significant change in biomass for pink, humpy or coonstripe shrimp. Biomass 
indices from all 1985 surveys as compared to historic indices are at or near 
historic low levels. Relative to established criteria, all stocks with the 
exception of Olga Bay are currently classed as severely depressed; Olga Bay 
is classed as recovering (ADF&G 1982). Biomass indices were a1 so generated 
for major fish and invertebrate taxa and are summarized in Appendix D. 

Sex and Age Composition: 

Sex and age composition data were collected from two sources: (1) catch 
samples from 79 stations that included pink shrimp (55 samples - 9,960 
individuals) , humpy shrimp (22 samples - 4,734 individuals) , and coonstripe 
shrimp (2 samples - 364 individuals), and (2) composite subsamples that 
included pink shrimp (20 samples - 5,074 individuals) and humpy shrimp (5 
samples - 990 individuals) (Appendix E). Two-year-old pink shrimp dominated 
survey catches followed by three- and four-year-old shrimp. Female pink 
shrimp were more abundant in Chiniak, Uyak, Wide, and Olga (spring) Bays than 
male pink shrimp which were more abundant in the other survey catches (Table 
2). Detailed information on age and sex composition of pink and humpy shrimp 
along with length-frequency histograms and means and modes of shrimp length 
is in Appendix B. 

Species Composition: 

Pink shrimp dominated shrimp catches in most surveyed sections. However, 
humpy shrimp dominated catches in Wide and Olga Bays. Shrimp species 
composition data is summarized in Appendix C. For catches of all taxa in the 
Kodi ak District, flatfish ranked first in abundance (257.21 pounds per trawl 
mile (1 bs/TM) followed by pol 1 ock (234.98 1 bs/TM) and shrimp (114.55 1 bs/TM) . 
Species composition data is summarized by area, cruise, and major taxa in 
Appendix D. 
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Ch in i  ak Stocks 

Biomass I n d i c e s :  

A s i n g l e  s p r i n g  survey was conducted i n  Ch ign ik  Bay i n  1985 w i t h  11 tows 
s u c c e s s f u l l y  completed. R e l a t i v e  t o  h i s t o r i c  biomass i n d i c e s ,  t h e  Ch ign i  k  Bay 
s tock  i s  near  h i s t o r i c  low l e v e l s  and i s  c lassed  as seve re l y  depressed as 
d e f i n e d  by e s t a b l  i shed c r i t e r i a  (ADF&G 1982).  Biomass i n d i c e s  were generated 
f o r  each shr imp spec ies and f o r  a l l  f i s h  as a  group (Tab le  3 ) .  D e t a i l e d  
i n f o r m a t i o n  on biomass i n d i c e s  o f  shr imp spec ies as w e l l  on wa te r  
temperatures,  s t r a t a  s i zes ,  and tow ing  h i s t o r y  i s  i n  Appendix C .  Biomass 
i n d i c e s  were a l s o  generated f o r  major  f i s h  and i n v e r t e b r a t e  t axa  (Appendix 
D l .  

Sex and Age Composi t ion:  

Sex and age compos i t i on  da ta  were c o l l e c t e d  f rom two sources: (1 )  11 s t a t i o n  
ca t ch  samples ( p i n k  shr imp o n l y )  comprised o f  2,307 i n d i v i d u a l s ,  and (2 )  two 
composi te subsamples comprised o f  554 i n d i v i d u a l s  (Appendix E ) .  U n l i k e  t r ends  
i n  t h e  Kodiak D i s t r i c t ,  two -yea r -o l d  p i n k  shr imp were n o t  t h e  most abundant 
age group i n  t h e  Ch ign i k  D i s t r i c t  surveys (Tab le  4 ) .  Th ree -yea r -o l d  p i n k  
shr imp ranked f i r s t  i n  abundance f o l l o w e d  by two- and f o u r - y e a r - o l d  shr imp. 
T r a n s i t i o n a l s  were t h e  most abundant sex f o l l owed  by males and females.  
D e t a i l e d  i n f o r m a t i o n  on age and sex compos i t i on  o f  p i n k  shr imp a long  w i t h  
l eng th - f r equency  h is tograms and means and modes o f  shr imp l e n g t h  i s  i n  
Appendix B. 

Species Composi t ion:  

P ink  shr imp dominated shr imp catches i n  t h e  Ch ign i k  D i s t r i c t .  Shrimp spec ies 
compos i t i on  d a t a  i s  summarized i n  Appendix C .  For  catches o f  a l l  t a x a  i n  t h e  
Ch ign i k  D i s t r i c t ,  f l a t f i s h  ranked f i r s t  i n  abundance (318.92 Ibs/TM) f o l l o w e d  
by shr imp (142.56 Ibs/TM) and p o l l o c k  (80.95 Ibs/TM) (Appendix D).  
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The t r a w l  used i n  1985 was developed i n  1972-73 by t h e  Na t i ona l  Marine 
F i s h e r i e s  Se rv i ce  (Wathne 1977) and has been used by t h e  A laska Department of 
F i s h  and Game i n  s t o c k  assessment surveys s i nce  1973. The t r a w l  i s  a  box- 
s t y l e ,  h i g h  opening, n e t  w i t h  a  6 1 - f o o t  f oo t r ope  (F i gu re  A l ) .  The es t imated  
f i s h i n g  w i d t h  i s  32-34 f e e t ;  t h e  es t imated  f i s h i n g  h e i g h t  i s  11.5-13.5 f e e t .  
The n e t  i s  f i s h e d  f r om p a i r e d  5-1/2 x 8-1/2  f o o t  V-doors on 10- fa thom t r i p l e  
dandy l ines  (3/8" w i r e  rope)  which a re  a t tached  t o  t h e  headrope w i t h  a  24- inch  
ex tens ion  cha in ,  t o  t h e  mid r i b  w i t h  an 18 - i nch  ex tens ion  cha in  and t o  t h e  
f o o t r o p e  d i r e c t l y .  Twenty-n ine 8 - i n c h  s t e e l  f l o a t s  a t tached  t o  t h e  headrope 
p r o v i d e  f l o t a t i o n .  A 5 5 - f o o t  t i c k l e r  cha in  and a  6 1 - f o o t  h e i g h t - r e g u l  a t i n g  
c h a i n  a re  a t t ached  t o  t h e  f o o t r o p e  wing t i p s .  The h e i g h t - r e g u l a t i n g  cha in  i s  
suspended under t h e  f o o t r o p e  by s i x  12 - i nch  dropper  cha ins .  The t i c k l e r  cha in  
may o r  may n o t  be suspended f rom a  s i n g l e  f o u r - f o o t  d ropper  cha in  a t  t h e  
m i d p o i n t  o f  t h e  f oo t rope .  The dropper  cha in  keeps t h e  t i c k l e r  c h a i n  d i r e c t l y  
under t h e  h e i g h t  cha in  f o r  tow ing  i n t o  t h e  t i d e .  Both t i c k l e r  and h e i g h t -  
r e g u l a t i n g  cha ins  may be e i t h e r  o f  3 / 8 - i nch  o r  5 /16- inch s t e e l  ( t h e  l i g h t e r  
c h a i n  i s  more e f f e c t i v e  on muddy bo t toms) .  

The wings, i n t e rmed ia te ,  and codends a re  a l l  made o f  1-1/4 i n c h  s t r e t c h  mesh 
n y l o n - c o t t o n  b lend;  t h e  codend has an i n s e r t  a l s o  made o f  t h e  same m a t e r i a l .  
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Appendix Table B1. Estimated i n d i c e s  o f  p ink  shrimp i n  numbers by sex and 
age per nau t i ca l  m i l e  towed f o r  t h e  areas i n  the  Kodiak d i s t r i c t  i n  
t h e  sp r ing  and autumn o f  1985. Numbers were est imated w i t h  Equations 
6 and 7 as described i n  the  t e x t  and are unadjusted f o r  t r a w l  width. 
The symbol ( t )  f o l l o w i n g  t h e  number by age o f  females i n  t h e  t a b l e  
below ind i ca tes  t h a t  t h e  number i s  f o r  t h a t  age and a l l  o lder .  The 
term (ND) i n  p lace o f  a number i n d i c a t e s  t h a t  no modes were present i n  
t h e  r e l e v a n t  po r t i ons  o f  t h e  length-frequency histogram. 

Marmot Bay 
A1 1 

11 September, 1985 I I I I11 IV V VI Ages .......................................................................... 
Males 5,163 150 5,313 
T rans i t i ona l  s 1,562 133 1,695 
Females 1,611 2,206 952 t 4,769 .......................................................................... 
A l l  Sexes 8,336 2,489 952 11,777 

Marmot I s 1  and 
A1 1 

12 September, 1985 I I I I11 IV V VI Ages .......................................................................... 
Males 31 7,326 7,357 
T rans i t i ona l  s 4,499 305 4,804 
Femal es 809 3,632t 4,441 .......................................................................... 
A1 1 Sexes 31 12,634 3,937 16,602 

Chiniak Bay 
A1 1 

13 June, 1985 I 11 I1 I IV V VI Ages 
.......................................................................... 
Males 16 16 
T r a n s i t i o n a l  s 1,973 1,038 3,011 
Females 3,524 1,376 597 t 5,497 
.......................................................................... 
A l l  Sexes 5,497 2,430 59 7 8,524 



Appendix Table B1. Estimated i n d i c e s  o f  p ink  shrimp i n  numbers by sex and 
age per nau t i ca l  m i l e  towed f o r  t h e  areas i n  t h e  Kodiak d i s t r i c t  i n  
t h e  sp r ing  and autumn o f  1985. Numbers were est imated w i t h  Equations 
6 and 7 as described i n  t h e  t e x t  and are  unadjusted f o r  t r a w l  width. 
The symbol ( t )  f o l l o w i n g  t h e  number by age o f  females i n  t h e  t a b l e  
below ind i ca tes  t h a t  t he  number i s  f o r  t h a t  age and a l l  o lder .  The 
term (ND) i n  p lace o f  a  number i n d i c a t e s  t h a t  no modes were present i n  
t h e  re levan t  po r t i ons  o f  t h e  length-frequency histogram (cont inued).  

Ugak Bay 
A1 1  

2 October, 1985 I I I I11 I V V VI Ages 
.......................................................................... 
Males 6 550 556 
T rans i t i ona l  s  133 6 139 
Fema 1  es 186 288 27 t 501 
.......................................................................... 
A1 1  Sexes 6 869 294 27 1,196 

K i l i u d a  Bay 
A1 1  

30 September, 1985 I I I I11 IV V VI Ages 
.......................................................................... 
Males 778 119 89 7 
T rans i t i ona l  s  7 8 450 2 1 549 
Females 208 16 + 224 
.......................................................................... 
A1 1  Sexes 856 777 37 1,670 

Twoheaded I s l a n d  
A1 1  

27 September, 1985 I I I I I I IV V VI Ages 
.......................................................................... 
firla1 es 625 625 
T rans i t i ona l  s  44 16 6 0 
Females 10 284 38 t 332 
.......................................................................... 
A1 1 Sexes 679 300 38 1,017 

A l i t a k  Bay 
A1 1  

8 June, 1985 I I I I I I I V V VI Ages 
.......................................................................... 
Males 1,919 4,489 6,408 
T rans i t i ona l  s  ND ND 5,511 
Females ND ND 1,694 t 4,609 
.......................................................................... 
A1 1  Sexes 1,919 ND ND 16,528 



Appendix Table B1. Estimated ind ices o f  p ink shrimp i n  numbers by sex and 
age per naut ica l  m i le  towed f o r  the areas i n  the Kodiak d i s t r i c t  i n  
the spr ing and autumn o f  1985. Numbers were estimated w i t h  Equations 
6 and 7 as described i n  the t e x t  and are unadjusted f o r  t raw l  width. 
The symbol (t) fo l l ow ing  the number by age o f  females i n  the t ab le  
below ind icates t h a t  the number i s  f o r  t ha t  age and a l l  o lder.  The 
term (ND) i n  place o f  a number ind icates t ha t  no modes were present i n  
the re levant  por t ions o f  the length-frequency histogram (continued). 

A l i t a k  Bay and F la t s  
A1 1 

21 September, 1985 I  I  I  I  I  I  I  V V VI Ages 
.......................................................................... 
Males 247 2,209 2,456 
Trans i t iona l  s 200 21 1 41 1 
Fema 1 es 459 304 576 t 1,339 .......................................................................... 
A1 1 Sexes 247 2,868 51 5 576 4,206 

Uyak Bay 
A1 1 

8 September, 1985 I  I  I  I11 IV V VI Ages 
.......................................................................... 
Males 48 0 48 0 
Trans i t iona l  s 136 12 148 
Females 192 293 18 39 t 542 
.......................................................................... 
A l l  Sexes 8 08 305 18 39 1,170 

Ugani k Bay 
A1 1 

9 September, 1985 I  I  I  I  I  I  I  V V VI Ages .......................................................................... 
Males 2,472 9 2,481 
Trans i t iona l  s 100 834 934 
Females 402 1,144 320 47 t 1,913 
.......................................................................... 
A l l  Sexes 2,974 1,987 320 4 7 5,328 

Kukak Bay 
A1 1 

10 September, 1985 I  I  I  111 I  V V VI Ages 
.......................................................................... 
Males 11,044 11,044 
Trans i t iona l  s 306 301 607 
Females 2,976 1,218 374 t 4,568 
.......................................................................... 
A1 1 Sexes 11,350 3,277 1,218 374 16,219 

-Con t i nued- 



Appendix Table 01. Estimated i n d i c e s  o f  p ink  shrimp i n  numbers by sex and 
age per nau t i ca l  m i l e  towed f o r  t h e  areas i n  t h e  Kodiak d i s t r i c t  i n  
t h e  sp r ing  and autumn o f  1985. Numbers were est imated w i t h  Equations 
6 and 7 as described i n  t h e  t e x t  and are unadjusted f o r  t r a w l  width. 
The symbol (+)  f o l l o w i n g  t h e  number by age o f  females i n  t h e  t a b l e  
below ind i ca tes  t h a t  t he  number i s  f o r  t h a t  age and a l l  o lder .  The 
term (ND) i n  p lace o f  a number i nd i ca tes  t h a t  no modes were present i n  
t h e  re levan t  po r t i ons  o f  t h e  length-frequency histogram (cont inued).  

Wide Bay 
A1 1 

6 September, 1985 I I I I11 IV V VI Ages 
.......................................................................... 
Males ND ND 5,725 
T rans i t i ona l  s 2,591 2,591 
Females 6,703 + 6,703 
.......................................................................... 
A l l  Sexes 0 ND ND 0 0 0 15,019 

Olga Bay 
A1 1 

30 May, 1985 I I I 111 IV V VI Ages 
.......................................................................... 
Males 61 56 11 7 
T rans i t i ona l  s 0 
Females 136 36 + 172 .......................................................................... 
A1 1 Sexes 6 1 192 36 28 9 

2 September, 1985 .......................................................................... 
Ma 1 es 15 195 239 449 
T rans i t i ona l  s 10 10 
Ferna l e s  6 1 63 + 124 .......................................................................... 
A l l  Sexes 15 195 310 6 3 583 



Appendix Table 82. Estimated ind i ces  o f  p ink  shrimp i n  numbers by sex and 
age per nau t i ca l  m i l e  towed f o r  t h e  areas i n  t h e  Chignik d i s t r i c t  i n  
t h e  sp r ing  o f  1985. Numbers were est imated w i t h  Equations 6 and 7 as 
described i n  t h e  t e x t  and a re  unadjusted f f o r  t r a w l  width. The symbol 
(t) f o l l o w i n g  t h e  number by age o f  females i n  t h e  t a b l e  below 
i n d i c a t e s  t h a t  t he  number i s  f o r  t h a t  age and a l l  o lde r .  

Chigni k  Bay 
A1 1  

10 June, 1985 I I I 111 I V V VI Ages 
.......................................................................... 
Males 3,712 3,712 
Trans i t i ona l  s 616 6,058 6,674 
Fema 1  es 34 2,972 1,110 683 + 4,799 .......................................................................... 
A l l  Sexes 4,362 9,030 1,110 683 15,185 



Appendix Table 83. Estimated, modes, means, and standard deviat ions of 
carapace lengths f o r  ages and sexes o f  pink shrimp from surveys i n  the 
Kodiak d i s t r i c t  i n  1985. Modes were picked o f f  length-frequency 
histograms (Figure B1) whi le means were estimated from length- 
frequencies using NORMSEP (Tomlinson 1971). 

Marmot Bay 
Mode Std. 

11 September, 1985 Age Mean Dev. % N 
................................................................. 

Males I I 16.0 97 5,163 
111 19.5 3 150 

Trans i t iona l  s I I 17.0 
I11 21 .o 

I I 17.9 0.8 34 1,611 
Fema 1 es I11 21.4 0.8 46 2,206 

I V t  22.7 1.3 20 9 52 

Marmot I s 1  and 
Mode Std. 

12 September, 1985 Age Mean Dev. % N ................................................................. 
Males I I 16.0 100 7,326 

Trans i t iona l  s I I 17.0 
I I I 22.0 

Fema 1 es I I 19.3 0.8 18 809 
IIIt 22.6 0.9 82 3,632 

Chiniak Bay 
Mode Std. 

13 June, 1985 Age Mean Dev. % N 
................................................................. 

Males I11 18.0 100 16 

Trans i t iona l  s I I 13.0 
111 19.0 

I I 15.0 64 3,524 
Females 111 19.9 0.6 25 1,376 

I \I+ 22.0 0.6 11 59 7 



Appendix Table 83. Estimated, modes, means, and standard deviat ions o f  
carapace lengths f o r  ages and sexes o f  p ink  shrimp from surveys i n  the 
Kodiak d i s t r i c t  i n  1985. Modes were picked o f f  length-frequency 
histograms (Figure 01) whi le means were estimated from length- 
frequencies using NORMSEP (Tomlinson 197l)(continued). 

Ugak Bay 
Mode Std. 

2 October, 1985 Age Mean Dev. % N 
................................................................. 

Ma1 es I 9.5 1 6 
I I 16.5 9 9 550 

Trans i t iona l  s I I 19.0 
I I I 22.0 

I I 20.1 0.9 37 186 
Females 111 22.6 0.7 57 288 

I V t  25.6 0.8 5 2 7 

K i l i u d a  Bay 
Mode Std. 

30 September, 1985 Age Mean Dev. % N 
................................................................. 

Males I I 15.5 86 7 78 
I11 20.0 14 119 

Trans i t iona l  s I I 18.1 0.6 14 78 
I11 21.5 1.0 8 2 450 

I V  24.8 0.4 4 21 

Females I11 21.7 0.8 93 208 
I V t  24.0 0.4 7 16 

Twoheaded Is land  
Mode Std. 

27 September, 1985 Age Mean Dev. % N 
................................................................. 

Ma1 es I I 15.5 100 625 

Trans i t iona l  s I I 17.5 
I11 20.0 

I I 18.0 0.3 3 10 
Fema 1 es I11 21.2 0.9 8 6 284 

I V t  24.2 0.4 11 38 



Appendix Table 83. Estimated, modes, means, and standard deviat ions o f  
carapace lengths f o r  ages and sexes o f  pink shrimp from surveys i n  the 
Kodiak d i s t r i c t  i n  1985. Modes were picked o f f  length-frequency 
histograms (Figure 01) whi le means were estimated from length- 
frequencies using NORMSEP (Tomlinson 197l)(continued). 

A l i t a k  Bay 
Mode Std. 

8 June, 1985 Age Mean Dev. % N ................................................................. 
Ma1 es I 14.3 1.4 30 1,919 

I I 16.9 0.6 70 4,489 

Trans i t iona ls  I1 - I11 19.0 100 5,511 

Females 11- I11 63 2,915 
I V t  23.6 1.5 37 1,694 

................................................................. 
A1 i t a k  Bay and F la t s  

Mode Std. 
21 September, 1985 Age &an Dev. % N ................................................................. 

Ma1 es I 14.7 1.5 10 247 
I I 17.7 0.9 90 2,209 

Trans i t iona ls  I I 20.2 0.6 49 200 
I I I 22.2 1.1 51 211 

11 21.4 0.9 34 459 
Females I11 22.3 1.3 23 304 

IVt 24.5 1 .O 43 576 

Uyak Bay 
Mode Std. 

8 September, 1985 Age Mean Dev. % N 
................................................................. 

Males I I 15.0 100 480 

Trans i t iona l  s I I 18.0 
I11 20.5 

I I 16.0 3 5 192 
Femal es I11 20.8 0.8 54 293 

I V  22.8 0.1 3 18 
V t  24.3 1.2 7 39 



Appendix Table 83. Estimated, modes, means, and standard deviat ions o f  
carapace lengths f o r  ages and sexes o f  p ink shrimp from surveys i n  the 
Kodiak d i s t r i c t  i n  1985. Modes were picked o f f  length-frequency 
histograms (Figure 81) whi le means were estimated from length- 
frequencies using NORMSEP (Tomlinson 197l)(continued). 

Ugan i k Bay 
Mode Std. 

9 September, 1985 Age Mean Dev. % N 

Males I I 
I11 

Trans i t iona l  s I I 
I I I 

I I 
Females I I I 

IV 
Vt 

Kukak Bay 
Mode Std. 

10 September, 1985 Age Mean Dev. % .......................................................... 
Males I I 15.0 100 

Trans i t iona l  s I I 18.4 0.7 5 0 
I11 21.6 0.8 5 0 

I I I 21.8 0.9 6 5 
Females IV 24.0 0.6 27 

V t  25.3 0.7 8 

Wide Bay 
Mode Std. 

6 September, 1985 Age Mean Dev. % N 
................................................................. 

Males 11-111 15.5 100 5,725 

Trans i t iona l  s I I I 18.5 100 2,591 

Females I I I 19.5 0.7 100 6,703 



Appendix Table 83. Estimated, modes, means, and standard deviat ions of 
carapace lengths f o r  ages and sexes o f  pink shrimp from surveys i n  the 
Kodiak d i s t r i c t  i n  1985. Modes were picked o f f  length-frequency 
histograms (Figure B1) whi le means were estimated from length- 
frequencies using NORMSEP (Tomlinson 197l)(continued). 

Olga Bay 
Mode Std. 

30 May, 1985 Age Mean Dev. % N 
................................................................. 

Males I I 16.7 1 .O 5 3 61 
I11 20.3 0.5 4 7 56 

Fema 1 es I I I 21.8 0.7 79 136 
I V t  23.5 1.1 2 1 36 ................................................................. 

Mode Std. 
2 September, 1985 Age Mean Dev. % N 
................................................................. 

I 13.8 0.8 3 15 
Males I I 17.2 0.4 43 195 

I11 20.4 1.2 53 239 

Trans i t iona l  s I11 21.5 100 10 

Females I11 22.0 0.3 49 61 
I V t  23.0 0.6 51 6 3 



Appendix Table 84. Estimated, modes, means, and standard dev ia t i ons  o f  
carapace lengths  f o r  ages and sexes o f  p ink  shrimp f rom surveys i n  t he  
Chignik  d i s t r i c t  i n  1985. Modes were p icked o f f  length-frequency 
histograms (F igure  82) wh i l e  means were est imated f rom length-  
f requencies us ing  NORMSEP (Tomlinson 1971). 

Chigni k Bay 
Mode Std. 

10 June, 1985 Age Mean Dev. % N 
................................................................. 

Males I I 12.5 100 3,712 

T r a n s i t i o n a l  s I I 14.6 
I11 18.5 

Females 
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Uyak Bay - Fa1 l  Survey 
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Appendix Figure B 1 .  Histograms of carapace lengths of pink shrimp by sex from Kodiak d i s t r i c t  shirmp 
surveys in 1985. Roman numerals approximately f lagslengths that  correspond t o  
ages (continued). 



Kukak Bay - F a l l  Survey WIDE BRY-FRLL SURVEY 
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Aopendix F i g u r e  B1. Histograms o f  carapace l e n g t h s  o f  p i n k  shr imp by sex f r o m  ~ o d i a k  d i s t r i c t  shr imp 
surveys i n  1985. Roman numerals approx imate ly  f l a g  l e n g t h s  t h a t  cor respond t o  
ages (con t inued)  . 





Chlgnlk Bay - Spring Survey 
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Appendix Figure B2. Histograms of carapace lengths of pink shrimp by sex from 
Chi gni k d i s t r i c t  shrimp surveys in 1985. Roman numerals 
approximately f lag lengths that  correspond t o  ages. 
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Appendix Table C1. Biomass ind i ces  ( i n  m i l l i o n s  o f  pounds) f o r  shrimp and 
f i s h  by area, cruise, and st ratum f o r  surveys i n  the  Kodiak d i s t r i c t  
i n  1985. 

Marmot Bay 
Cruise 8503 
11 September, 1985 

Stratum Stratum Tows Depth o f  Tows Water Temps 
Number Area Made (fathoms) (Ce ls ius)  

(nm) Mean SD Surface Bottom 

Coon Side 
Pink Humpy s t r i p e  s t r i p e  Other Tota l  F i  sh 

Stratum 2: 
Mean Lbs/NM Towed 141 0 0 3 3 147 957 

SE 64 0 0 2 1 66 7 1 
Biomass Index 0.83 0.00 0.00 0.02 0.02 0.86 5.62 

SE 0.38 0.00 0.00 0.01 0.01 0.39 0.42 
CV 0.45 0 0 0.76 0.53 0.45 0.07 

Stratum 3: 
Mean Lbs/NM Towed 175 0 0 4 3 182 633 

SE 34 0 0 3 2 34 119 
Biomass Index 0.05 0.00 0.00 -00 .OO 0.05 0.18 

SE 0.01 0.00 0.00 . 00 .OO 0.01 0.03 
CV 0.19 0 0 0.89 0.58 0.19 0.19 

A1 1 Strata:  
Mean Lbs/NM Towed 143 0 0 3 3 148 942 

SE 6 1 0 0 2 1 63 68 
Biomass Index 0.88 0.00 0.00 0.02 0.02 0.91 5.80 

SE 0.38 0.00 0.00 0.01 0.01 0.39 0.42 
C V 0.43 0 0 0.72 0.50 0.42 0.07 

-Conti nued- 



Appendix Table C1. Biomass ind i ces  ( i n  m i l l i o n s  o f  pounds) f o r  shrimp and 
f i s h  by area, cruise, and st ratum f o r  surveys i n  the  Kodiak d i s t r i c t  
i n  1985 (cont inued). 

Marmot I s 1  and 
Cruise 8503 
12 September, 1985 

Stratum Stratum Tows Depth o f  Tows Hater Temps 
Number Area Made ( fathoms) (Cel s i  us) 

Mean SO Surface Bottom 

Coon Side 
Pink Humpy s t r i p e  s t r i p e  Other Tota l  F i sh  

A l l  S t ra ta :  
Mean Lbs/NM Towed 187 0 0 5 2 194 1398 

SE 63 0 0 3 1 62 200 
B i  omass Index 0.84 0.00 0.00 0.02 0.01 0.87 6.29 

SE 0.29 0.00 0.00 0.01 -00 0.28 0.90 
CV 0.34 0 0 0.66 0.42 0.32 0.14 

Chiniak Bay 
Cruise 8501 
13 June, 1985 

Stratum Stratum Tows Depth o f  Tows Water Temps 
Number Area Made (fathoms) (Cel s i  us) 

Mean SO Surface Bottom 



Appendix Table C1.  Biomass ind i ces  ( i n  m i l l i o n s  o f  pounds) f o r  shrimp and 
f i s h  by area, cruise, and st ratum f o r  surveys i n  the  Kodiak d i s t r i c t  
i n  1985 (cont inued). 

Chiniak Bay 
Cruise 8501 
13 June, 1985 

Stratum 2: 
Mean Lbs/NM Towed 

SE 
Biomass Index 

SE 
cv 

Stratum 3: 
Mean Lbs/Nvl Towed 

SE 
B i  omass Index 

SE 
cv 

Stratum 4: 
Mean Lbs/NM Towed 

SE 
Biomass Index 

SE 
cv 

Coon Side 
Pink Humpy s t r i p e  s t r i p e  Other Tota l  F i sh  

A l l  S t ra ta :  
Mean Lbs/NM Towed 76 0 0 0 2 78 5 76 

SE 22 0 0 0 1 22 58 
Biomass Index 0.16 0.00 .OO 0.00 .OO 0.16 1.21 

SE 0.05 0.00 .OO 0.00 .OO 0.05 0.12 
CV 0.29 0 1.73 0 0.54 0.28 0.10 



Appendix Table C 1 .  Biomass ind i ces  ( i n  m i l l i o n s  o f  pounds) f o r  shrimp and 
f i s h  by area, cruise, and st ratum f o r  surveys i n  the  Kodiak d i s t r i c t  
i n  1985 (cont inued). 

Ugak Bay 
Cruise 8503 
2 October, 1985 

Stratum Stratum Tows Depth o f  Tows Water Temps 
Number Area Made (fathoms) (Cel s i  us ) 

Mean SD Surface Bottom 

Coon Side 
Pink Humpy s t r i p e  s t r i p e  Other Tota l  F i  sh 

Stratum 2: 
Mean Lbs/NM Towed 40 0 0 1 2 43 753 

SE 14 0 0 0 1 14 84 
Biomass Index 0.09 0.00 0.00 -00 .OO 0.10 1.72 

SE 0.03 0.00 0.00 . 00 -00 0.03 0.19 
CV 0.35 0 0 0.74 0.45 0.33 0.11 

Stratum 3: 
Mean Lbs/hlM Towed 1 0 0 0 0 1 160 

SE 1 0 0 0 0 0 23 
Biomass Index .OO 0.00 0.00 0.00 0.00 .OO 0.48 

SE .OO 0.00 0.00 0.00 0.00 .OO 0.07 
CV 1.00 0 0 0 0 0.50 0.14 

A l l  Strata:  
Mean Lbs/NM Towed 18 0 0 0 1 19 416 

SE 6 0 0 0 0 6 38 
Biomass Index 0.09 0.00 0.00 . 00 .OO 0.10 2.20 

SE 0.03 0.00 0.00 . 00 .OO 0.03 0.20 
CV 0.34 0 0 0.74 0.45 0.32 0.09 



Appendix Table C1.  Biomass ind i ces  ( i n  m i l l i o n s  o f  pounds) f o r  shrimp and 
f i s h  by area, cruise, and st ratum f o r  surveys i n  the  Kodiak d i s t r i c t  
i n  1985 (cont inued). 

K i l i u d a  Bay 
Cruise 8503 
30 September, 1985 

Stratum Stratum Tows Depth o f  Tows Water Temps 
Number Area Made (fathoms) (Cel s i  us) 

Mean SD Surface Bottom 

Stratum 2: 
Mean Lbs/NM Towed 

SE 
B i  omass Index 

SE 
cv 

Stratum 3: 
Mean Lbs/NM Towed 

SE 
Biomass Index 

SE 
cv 

Stratum 4: 
Mean Lbs/NM Towed 

SE 
Biomass Index 

SE 
cv 

Coon Side 
Pink Humpy s t r i p e  s t r i p e  Other Tota l  F i  sh 



Appendix Table C1. Biomass i n d i c e s  ( i n  m i l l i o n s  o f  pounds) f o r  shrimp and 
f i s h  by area, cruise, and st ratum f o r  surveys i n  the  Kodiak d i s t r i c t  
i n  1985 (cont inued).  

K i l i u d a  Bay 
Cruise 8503 
30 September, 1985 

Coon Side 
Pink Humpy s t r i p e  s t r i p e  Other Tota l  F i s h  

A1 1 Strata:  
Mean Lbs/Mvl Towed 21 0 0 0 0 21 1592 

SE 12 0 0 0 0 12 888 
Biomass Index 0.12 0.00 0.00 0.00 0.00 0.12 9.06 

SE 0.07 0.00 0.00 0.00 0.00 0.07 5.06 
CV 0.58 0 0 0 0 0.55 0.56 

Twoheaded I s l a n d  
Cruise 8503 
27 September, 1985 

Stratum Stratum Tows Depth o f  Tows Water Temps 
Number Area Made (fathoms) (Cel s ius )  

Mean SD Surface Bottom 

Coon Side 
Pink Humpy s t r i p e  s t r i p e  Other Tota l  F i sh  

A1 l Stra ta :  
Mean LbsINM Toned 36 0 0 0 0 36 8 28 

SE 9 0 0 0 0 9 192 
Biomass Index 0.26 0.00 0.00 0.00 .OO 0.27 6.02 

SE 0.06 0.00 0.00 0.00 .OO 0.06 1.40 
CV 0.24 0 0 0 1.25 0.24 0.23 



Appendix Table C1. Biomass ind i ces  ( i n  m i l l i o n s  o f  pounds) f o r  shrimp and 
f i s h  by area, cruise, and s t ra tum f o r  surveys i n  the  Kodiak d i s t r i c t  
i n  1985 (cont inued). 

A1 i t a k  Bay 
Cruise 8501 
8 June, 1985 

Stratum Stratum Tows Depth o f  Tows Water Temps 
Number Area Made ( f athoms) (Cel s ius )  

Mean SD Surface Bottom 

Coon Side 
Pink Humpy s t r i p e  s t r i p e  Other Tota l  F i  sh 

A71 St ra ta :  
Mean Lbs/NM Towed 179 1 0 3 2 186 386 

SE 62 1 0 3 1 64 89 
Biomass Index 1.54 0.01 .00 0.03 0.02 1.60 3.32 

SE 0.53 0.01 .OO 0.02 0.01 0.55 0.77 
CV 0.35 0.63 1.13 0.88 0.43 0.34 0.23 



Appendix Table C1. Biomass ind i ces  ( i n  m i l l i o n s  o f  pounds) f o r  shrimp and 
f i s h  by area, cruise, and st ratum f o r  surveys i n  the  Kodiak d i s t r i c t  
i n  1985 (cont inued). 

A l i t a k  Bay and F l a t s  
Cruise 8503 
21 September, 1985 

Stratum Stratum Tows Depth o f  Tows Water Temps 
Number Area Made (fathoms) (Cel s ius )  

Mean SD Surface Bottom 

Coon Side 
Pink Humpy s t r i p e  s t r i p e  Other Tota l  F i s h  

Stratum 2: 
Mean Lbs/NM Towed 126 0 0 4 4 134 419 

SE 58 0 0 3 2 6 0 114 
Biomass Index 1.08 . 00 .OO 0.04 0.03 1.15 3.60 

SE 0.50 . 00 .OO 0.03 0.01 0.52 0.98 
CV 0.46 1.44 1.24 0.69 0.44 0.45 0.27 

Stratum 3: 
Mean Lbs/NM Towed 15 0 0 0 1 16 121 

SE 8 0 0 0 0 8 12 
Biomass Index 0.22 .OO 0.00 .OO 0.01 0.24 1.79 

SE 0.11 .OO 0.00 .OO 0.01 0.11 0.17 
CV 0.50 1.48 0 1.48 0.78 0.48 0.10 

A1 1 St ra ta :  
Mean Lbs/NM Towed 56 0 0 2 2 59 230 

SE 22 0 0 1 1 23 42 
Biomass Index 1.30 . 00 .OO 0.04 0.04 1.39 5.40 

SE 0.51 . 00 -00 0.03 0.01 0.53 1.00 
CV 0.39 1.25 1.24 0.66 0.38 0.38 0.19 



Appendix Table C1. Biomass ind i ces  ( i n  m i l l i o n s  o f  pounds) f o r  shrimp and 
f i s h  by area, cruise, and st ratum f o r  surveys i n  the  Kodiak d i s t r i c t  
i n  1985 (cont inued). 

Uyak Bay 
Cruise 8503 
8 September, 1985 

Stratum Stratum Tows Depth o f  Tows Water Temps 
Number Area Made (fathoms) (Cel s i  us) 

Mean SD Surface Bottom 

Coon Side 
Pink Humpy s t r i p e  s t r i p e  Other Tota l  F i sh  

Stratum 2 :  
Mean Lbs/NM Towed 12 0 0 0 0 12 8 00 

SE 8 0 0 0 0 7 139 
Biomass Index 0.02 0.00 0.00 0.00 0.00 0.02 1.07 

SE 0.01 0.00 0.00 0.00 0.00 0.01 0.18 
CV 0.65 0 0 0 0 0.58 0.17 

Stratum 3: 
Mean Lbs/NM Towed 29 0 0 0 0 30 643 

SE 14 0 0 0 0 14 130 
Biomass Index 0.09 0.00 0.00 . 00 -00 0.09 2.07 

SE 0.04 0.00 0.00 . 00 .OO 0.04 0.42 
CV 0.47 0 0 1.48 1.48 0.46 0.20 

Stratum 4: 
Mean Lbs/NM Towed 16 0 0 0 0 16 432 

SE 0 0 0 0 0 0 0 
Biomass Index 0.01 0.00 0.00 0.00 0.00 0.01 0.16 

SE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
cv 0 0 0 0 0 0 0 



Appendix Table C1. Biomass ind ices ( i n  m i l l i o n s  o f  pounds) f o r  shrimp and 
f i s h  by area, cruise, and stratum f o r  surveys i n  the Kodiak d i s t r i c t  
i n  1985 (continued). 

Uyak Bay 
Cruise 8503 
8 September, 1985 

Coon Side 
Pink Humpy s t r i p e  s t r i p e  Other Total  Fish 

Stratum 5: 
Mean Lbs/tW Towed 1 0 0 0 0 1 346 

SE 0 0 0 0 0 0 0 
Biomass Index -00 0.00 0.00 0.00 0.00 .OO 0.05 

SE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CV 0 0 0 0 0 0 0 

A l l  Strata: 
Mean Lbs/NM Towed 23 0 0 0 0 23 660 

SE 9 0 0 0 0 9 90 
Biomass Index 0.12 0.00 0.00 -00 .OO 0.12 3.35 

SE 0.04 0.00 0.00 . 00 .OO 0.04 0.46 
CV 0.39 0 0 1.48 1.48 0.38 0.14 

Ugani k Bay 
Cruise 8503 
9 September, 1985 

Stratum Stratum Tows Depth o f  Tows Water Temps 
Number Area Made (fathoms) (Ce1 s ius)  

Mean SD Surface Bottom 



Appendix Table C1. Biomass ind i ces  ( i n  m i l l i o n s  o f  pounds) f o r  shrimp and 
f i s h  by area, cruise, and st ratum f o r  surveys i n  the  Kodiak d i s t r i c t  
i n  1985 (cont inued). 

Ugani k Bay 
Cruise 8503 
9 September, 1985 Coon Side 

Pink Humpy s t r i p e  s t r i p e  Other Tota l  F i s h  

Stratum 2: 
Mean Lbs/NM Towed 0 0 0 0 0 0 691 

SE 0 0 0 0 0 0 0 
Biomass Index 0.00 0.00 0.00 0.00 0.00 0.00 0.09 

SE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
cv 0 0 0 0 0 0 0 

Stratum 3: 
Mean Lbs/NM Towed 69 0 0 1 2 72 6 58 

SE 35 0 0 1 2 36 94 
Biomass Index 0.16 0.00 0.00 .OO 0.01 0.17 1.58 

SE 0.08 0.00 0.00 . 00 .OO 0.09 0.23 
CV 0.52 0 0 1.32 0.69 0.50 0.14 

Stratum 4: 
Mean Lbs/NM Towed 6 0 0 0 0 6 986 

SE 0 0 0 0 0 0 0 
Biomass Index .OO 0.00 0.00 0.00 0.00 .OO 0.28 

SE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
cv 0 0 0 0 0 0 0 

Stratum 5: 
Mean Lbs/NM Towed 57 0 1 4 1 6 2 548 

SE 30 0 1 2 1 29 209 
Biomass Index 0.06 0.00 . 00 . 00 .OO 0.07 0.59 

SE 0.03 0.00 . 00 . 00 .00 0.03 0.22 
CV 0.53 0 1.73 0.55 1.00 0.47 0.38 

A l l  S t ra ta :  
Mean Lbs/NM Towed 59 0 0 1 2 62 653 

SE 23 0 0 1 1 24 82 
Biomass Index 0.23 0.00 .OO 0.01 0.01 0.24 2.54 

SE 0.09 0.00 . 00 . 00 .OO 0.09 0.32 
CV 0.40 0 1.73 0.55 0.60 0.38 0.13 

-Con t i nued- 



Appendix Table C1. Biomass ind i ces  ( i n  m i l l i o n s  o f  pounds) f o r  shrimp and 
f i s h  by area, cruise, and st ratum f o r  surveys i n  the  Kodiak d i s t r i c t  
i n  1985 (cont inued). 

Kukak Bay 
Cruise 8503 
10 September, 1985 

Stratum Stratum Tows Depth o f  Tows Water Temps 
Number Area Made (fathoms) (Cels ius)  

Mean SD Surface Bottom 

Coon Side 
Pink Humpy s t r i p e  s t r i p e  Other Tota l  F i  sh 

Stratum 2: 
Mean Lbs/NM Towed 

SE 
Biomass Index 

SE 
CV 

Stratum 3: 
Mean Lbs/NM Towed 

SE 
Biomass Index 

SE 
CV 

A1 1 Strata:  
Mean Lbs/MM Towed 133 0 0 11 2 146 615 

SE 60 0 0 9 1 59 76 
Biomass Index 0.32 .OO 0.00 0.03 -00 0.35 1.47 

SE 0.14 .OO 0.00 0.02 .OO 0.14 0.18 
CV 0.45 1.00 0 0.80 0.55 0.41 0.12 



Appendix Table C1.  Biomass ind i ces  ( i n  m i l l i o n s  o f  pounds) f o r  shrimp and 
f i s h  by area, cruise, and st ratum f o r  surveys i n  t h e  Kodiak d i s t r i c t  
i n  1985 (cont inued). 

Wide Bay 
Cruise 8503 
6 September, 1985 

Stratum Stratum Tows Depth o f  Tows Water Temps 
Number Area Made (fathoms) (Cel s ius )  

&an SD Surface Bottom 

Coon Side 
Pink Humpy s t r i p e  s t r i p e  Other Tota l  F i  sh 

Stratum 2: 
Mean Lbs/NM Towed 139 168 15 2 2 325 189 

SE 88 66 5 1 1 147 42 
Biomass Index 0.02 0.03 . 00 . 00 -00 0.06 0.03 

SE 0.02 0.01 . 00 00 .OO 0.03 0.01 
CV 0.63 0.39 0.35 0.95 0.56 0.45 0.22 

Stratum 3: 
Mean Lbs/NM Towed 0 0 0 0 0 0 1223 

SE 0 0 0 0 0 0 0 
Biomass Index 0.00 0.00 0.00 0.00 0.00 0.00 1.70 

SE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
cv 0 0 0 0 0 0 0 

A l l  Strata:  
Mean Lbs/NM Towed 15 19 2 0 0 36 1108 

SE 10 7 1 0 0 16 5 
Biomass Index 0.02 0.03 . 00 . 00 .OO 0.06 1.74 

SE 0.02 0.01 . 00 . 00 .OO 0.03 0.01 
CV 0.63 0.39 0.35 0.95 0.56 0.45 -00 



Appendix Table C1. Biomass ind i ces  ( i n  m i l l i o n s  o f  pounds) f o r  shrimp and 
f i s h  by area, cruise, and st ratum f o r  surveys i n  the  Kodiak d i s t r i c t  
i n  1985 (cont inued). 

Puale Bay 
Cruise 8503 
5 September, 1985 

Stratum Stratum Tows Depth o f  Tows Water Temps 
Number Area Made ( f athoms) (Cels ius)  

Mean SD Surface Bottom 

Coon Side 
Pink Humpy s t r i p e  s t r i p e  Other Tota l  F i s h  

A1 1 Strata:  
Mean Lbs/NM Towed 2 0 0 0 0 2 6 58 

SE 2 0 0 0 0 1 28 7 
Biomass Index .OO 0.00 0.00 0.00 0.00 .OO 1.17 

SE .OO 0.00 0.00 0.00 0.00 .OO 0.51 
CV 0.76 0 0 0 0 0.58 0.44 



Appendix Table C1. Biomass ind i ces  ( i n  m i l l i o n s  of pounds) f o r  shrimp and 
f i s h  by area, cru ise,  and st ratum f o r  surveys i n  the  Kodiak d i s t r i c t  
i n  1985 (cont inued). 

Olga Bay 
Cruise 8502 
30 May, 1985 

Stratum Stratum Tows Depth o f  Tows Water Temps 
Number Area Made (fathoms) (Cel s i  us) 

Mean SD Surface Bottom 

Coon Side 
Pink Humpy s t r i p e  s t r i p e  Other Tota l  F i sh  

Stratum 2: 
Mean Lbs/Nul Towed 0 113 3 7 1 6 157 56 

SE 0 73 10 1 3 75 7 
Biomass Index 0.00 0.23 0.08 -00 0.01 0.32 0.11 

S E 0.00 0.15 0.02 .OO 0.01 0.15 0.01 
CV 0 0.65 0.27 0.92 0.43 0.48 0.12 

Stratum 3: 
Mean Lbs/Nvl Towed 10 76 56 3 10 155 4 7 

SE 6 48 36 1 7 84 23 
B i  omass Index 0.01 0.10 0.07 .OO 0.01 0.20 0.06 

SE 0.01 0.06 0.05 .OO 0.01 0.11 0.03 
CV 0.57 0.64 0.65 0.41 0.73 0.54 0.48 

Stratum 4: 
Mean Lbs/NM Towed 13 6 43 3 1 6 5 40 

SE 9 3 7 2 1 11 6 
Biomass Index . 00 .OO 0.01 . 00 .OO 0.02 0.01 

SE . 00 . 00 . 00 . 00 . 00 . 00 . 00 
CV 0.74 0.44 0.16 0.87 1.73 0.16 0.14 

A l l  S t ra ta :  
Mean L b s / W  Towed 5 9 1 44 2 7 149 51 

SE 2 45 14 1 3 52 9 
B i  omass Index 0.02 0.33 0.16 0.01 0.03 0.54 0.18 

SE 0.01 0.16 0.05 .OO 0.01 0.19 0.03 
CV 0.48 0.49 0.32 0.36 0.42 0.35 0.17 



Appendix Table C1. Biomass ind i ces  ( i n  m i l l i o n s  o f  pounds) f o r  shrimp and 
f i s h  by area, cruise, and st ratum f o r  surveys i n  the  Kodiak d i s t r i c t  
i n  1985 (cont inued). 

Olga Bay 
Cruise 8504 
2 September, 1985 

Stratum Stratum Tows Depth o f  Tows Water Temps 
Number Area Made (fathoms) (Cel s i  us) 

Mean SD Surface Bottom 

Stratum 2: 
Mean Lbs/NM Towed 

SE 
Biomass Index 

SE 
cv 

Coon Side 
Pink Humpy s t r i p e  s t r i p e  Other Tota l  F i s h  

Stratum 3: 
Mean Lbs/NM Towed 

SE 
Biomass Index 

SE 
cv 

Stratum 4: 
Mean Lbs/M"I Towed 10.50 6.00 53.50 2.50 0.50 73.00 47.00 

SE 8.17 2.65 18.97 2.96 0.87 11.00 11.00 
Biomass Index . 00 .OO 0.02 -00 .OO 0.02 0.01 

SE . 00 .OO 0.01 .QO . 00 . 00 . 00 
C \I 0.78 0.44 0.36 1.18 1.73 0.15 0.23 

A l l  S t ra ta :  
Mean Lbs/NM Towed 7.15 143.22 83.74 1.56 1.02 236.70 89.68 

SE 4.54 83.79 16.40 1.22 1.07 83.83 33.67 
Biomass Index 0.03 0.52 0.30 0.01 .OO 0.86 0.32 

SE 0.02 0.30 0.06 . 00 .OO 0.30 0.12 
CV 0.64 0.59 0.20 0.78 1.05 0.35 0.38 



Appendix Table C2. Biomass ind i ces  ( i n  m i l l i o n s  o f  pounds) f o r  shrimp and 
f i s h  by area, cruise, and st ratum f o r  surveys i n  the  Chignik d i s t r i c t  
i n  1985. 

Chigni k Bay 
Cruise 8501 
10 June, 1985 

Stratum Stratum Tows Depth o f  Tows Water Temps 
Number Area Made (fathoms) (Cel s ius )  

(nm) Mean SD Surface Bottom 

Stratum 2: 
Mean Lbs/NM Towed 

SE 
Biomass Index 

SE 
CV 

Stratum 3: 
Mean L b s / M  Towed 

SE 
Biomass Index 

SE 
CV 

Coon Side 
Pink Humpy s t r i p e  s t r i p e  Other Tota l  F i  sh 

A l l  S t ra ta :  
Mean Lbs/NM Towed 133 0 0 5 4 143 490 

SE 20 0 0 3 1 22 47 
Biomass Index 1.12 .OO 0.00 0.04 0.04 1.20 4.12 

SE 0.17 .OO 0.00 0.02 0.01 0.18 0.39 
C V 0.15 1.58 0 0.56 0.25 0.15 0.10 



APPENDIX D 

Biomass I n d i c e s  o f  Major  Taxa 

L I S T  OF TABLES 

Appendix 
Tab1 e Paqe 

D l .  Biomass i n d i c e s  i n  pounds p e r  t r a w l  m i l e  (TM) o f  ma jo r  t a x a  
by area and c r u i s e  f o r  surveys i n  t h e  Kodiak D i s t r i c t  i n  
1985 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 

D2. Biomass i n d i c e s  i n  pounds pe r  t r a w l  m i l e  (TM) o f  major  t a x a  
by area and c r u i s e  f o r  surveys i n  t h e  Ch ign i k  D i s t r i c t  i n  
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Appendix Table El. Sta t ion  and composite length-frequency subsample s izes  by f i s h i n g  sec t i on  f o r  
surveys i n  t h e  Kodiak d i s t r i c t  i n  1985 ( P  = p ink  shrimp; H = humpy shrimp; 
C = coonst r ipe  shrimp). 

S ta t i on  Catch Composite 
Number o f  Subsampl e Number o f  Subsampl e 

Subsamples Taken Size Subsamples Taken Size 
F i s h i n g  Sect ion P H C P H C P H C P H C 

Marmot Bay 5 1,075 2 552 

Marmot I s l a n d  5 930 1 238 

Chiniak Bay 3 566 1 307 

Ugak Bay 4 6 09 1 308 

K i l i u d a  Bay 1 188 3 713 

Twoheaded I s l a n d  1 157 1 304 

A l i t a k  Bay and 17 
A l i t a k  F l a t s  

Uyak Bay 1 

Uganik Bay 4 

Kukak Bay 5 

Wide Bay 3 5 566 896 1 1 182 330 

Puale Bay ND ND ND NO 

Olsa Bay 6 17 2 532 3,838 364 2 4 ND 186 660 ND 

Tota l  55 22 2 0 9,960 4,734 364 0 20 5 0 0 5,982 1,409 



Appendix Table E2. S ta t i on  and composite lenght-frequency subsample s izes  by f i s h i n g  sec t i on  f o r  
surveys i n  t h e  Chignik d i s t r i c t  i n  1985 ( P  = p ink  shrimp; H = humpy shrimp; 
C = coonst r ipe  shrimp). 

S ta t i on  Catch Composi t e  
Number o f  Subsampl e Number o f  Subsample 

Subsamples Taken Size Subsamples Taken Size 
F i sh inq  Sect ion P H C P H C P H C P H C 

Chignik Bay 11 2,307 3 8 74 

Tota l  11 0 0 0 2,307 0 0 0 3 0 0 0 874 0 0 
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