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ADF&G TECHNICAL DATA REPORTS 

This ser ies  o f  repor ts  i s  designed t o  f a c i  1  i t a t e  prompt 
repor t ing  of data from stud ies conducted by the Alaska 
Department o f  Fish and Game, especial 1y studies which 
may be of d i r e c t  and i n e d i a t e  i n t e r e s t  t o  s c i e n t i s t s  
of o ther  agencies. 

The primary purpose o f  these repor ts  i s  presentat ion of 
data. Descri p t i o n  o f  programs and data c o l l  e c t i  on methods 
i s  included on ly  t o  the ex ten t  requi red f o r  i n t e r p r e t a t i o n  
o f  the  data. Analysis i s  genera l ly  l i m i t e d  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 h e  bas ic  data. No attempt i s  made i n  
these repor ts  t o  present analys is  o f  the data r e l a t i v e  t o  
i t s  u l t ima te  o r  intended use. 

Data presented i n  these repor ts  i s  intended t o  be f i n a l ,  
however, some rev is ions  may occasional l y  be necessary. 
Minor r ev i s i on  w i l l  be made v i a  e r ra ta  sheets. Major 
rev is ions w i l l  be made i n  the form o f  rev ised reports.  
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ABSTRACT 

A populat ion assessment survey was conducted f o r  red king c rab  (Paralithodes 
camtschatica) i n  Norton Sound, Alaska from 1  t o  14 J u l y  1985. Sampling was 
conducted a t  65 s t a t i o n s  and 642 p t s  were successfu1ly  ba i t ed  and r e t r i e v e d  9 r ep re sen t ing  an a rea  of  7,052.5 km . The mean survey ca tch  of red king crab  
per  24-hour soak was 7.2 l ega l  width males, 9 .5  sublegal  males and 0 .3  
females.  Using mark and recapture  methods t h e  populat ion s i z e  was est imated 
t o  be 907,579 l ega l  width male red king c rab  with a  s tandard  dev ia t ion  of 
75,033. A t o t a l  o f  196 tagged male red king c r a b  was recaptured  a f t e r  a  
s i n g l e  molt ing period f o r  t h e  yea r s  1981 through 1986. The mean growth per  
molt was 13.1 mm with a  s tandard  dev ia t ion  of 3.11 mm f o r  t h e  137 c rabs  which 
showed growth. 

K E Y  WORDS: populat ion assessment,  king c rab ,  Para7 ithodes camtschat ica, 
Norton Sound, sampling des ign ,  gea r  s p e c i f i c a t i o n s .  



INTRODUCTION 

A survey was conducted in  J u l y  1985 t o  a s s e s s  t h e  red  king c rab  (Pa ra l i t hodes  
camtschat i c a )  popul a t i o n  in  Norton Sound, A1 aska.  Objec t ives  of t h e  survey 
were t o :  

(1)  e s t ima te  abundance of  l ega l  - s i zed  king c r a b  (males a t  l e a s t  121 mm 
[4.75 in ]  i n  carapace width) with mark and r ecap tu re  methods; 

( 2 )  ob ta in  a survey ca tch  per  u n i t  e f f o r t  (CPUE), a s  measured i n  catch 
per  pot  l i f t  from a 24-hour soak, t o  compare with an h i s t o r i c a l  
CPUE populat ion s i z e  r e l a t i o n s h i p ;  

(3)  e s t ima te  t h e  male and female length  composition of t h e  popula t ion ;  
and 

(4)  monitor reproduct ive  po ten t i a l  by examining female c l u t c h  f u l l n e s s .  

This r e p o r t  summarizes t h e  r e s u l t s  from t h e  survey and subsequent t a g  
recovery and growth information obtained from sampling t h e  commercial 
f i s h e r y .  

Because of budgetary r e s t r i c t i o n s ,  f u t u r e  c r ab  surveys cannot be expected 
with any r e g u l a r i t y ,  and t h e  r e s u l t s  from surveys t o  d a t e  w i l l  be needed t o  
model and f o r e c a s t  f u t u r e  populat ion s i z e .  Frequency of molt ing,  growth by 
s i z e  ca tegory ,  and t h e  r e l a t i o n s h i p  between length  and weight a r e  examined. 
Mean growth per  molt,  t h e  p r o b a b i l i t y  of molting and t h e  length-weight  
r e l a t i o n s h i p  were developed t o  p r e d i c t  f u t u r e  populat ion l e v e l s  and a t t endan t  
commercial ha rves t  goa l s  in pounds of  crab.  

D e s c r i ~ t i o n  of  t h e  Study Area 

Norton Sound i s  an eastward extension of t h e  northern Bering Sea loca t ed  
e n t i r e l y  upon t h e  Alaskan cont inenta l  s h e l f  and bordered by s h o r e l i n e  running 
north from t h e  Yukon River mouth t o  Cape Prince of Wales. For purposes of 
marine f i s h e r i e s  resource  management, t h e  Alaska Department of Fish and Game 
(ADF&G) and Board of F i she r i e s  have def ined  t h e  Norton Sound Sec t ion  (ADF&G 
1986) t o  be wi th in  t h e  Northern D i s t r i c t  o f  S t a t i s t i c a l  Area 0 (Figure 1 ) .  
The Norton Sound Sect ion i s  descr ibed a s  a l l  water? e a s t  of 168O W .  longi tude  
and north of t h e  l a t i t u d e  of Cape Romanz~f (61° 49 N .  La t . )  and south of  t h e  
1 a t  i tude  of Cape Prince of Wal e s  (65O 36 N .  Lat . ) . 
Norton Sound i s  uniformly shallow ( l e s s  than 50 m ,  164 f t )  ranging gene ra l ly  
from 15 m (49 f t )  t o  30 m (98 f t ) .  Summer water temperatures  a r e  r e l a t i v e l y  
warm. Nearshore, a t  a l l  depths ,  temperatures  may reach 16O C .  Bottom 
temperatures  range from a nearshore 10°C t o  1°C no r theas t  of S t .  Lawrence 
Is1 and (Fleming and Heggarty 1966). In c o n t r a s t ,  t h e  sound i s  covered with 
i c e  t h e  remaining seven months of t h e  yea r  (November through May). During 
t h e  summer t h e  d ischarge  of t h e  Yukon River g r e a t l y  inf luences  t h e  s a l i n i t y  
of Norton Sound with readings  gene ra l ly  l e s s  than 31 ppt but ranging from 25 
near  t h e  mouth of t h e  Yukon River t o  32 ppt  24 km south of Nome. Nearshore 
waters  were found t o  be 28 ppt  (Fleming and Heggarty 1966). 



Currents  flow northward f o l l  owing t h e  i soba ths  (Fleming and Heggarty 1966) 
r e s u l t i n g  in  an inshore  cu r r en t  moving along t h e  c o a s t l i n e  northward from 
t h e  mouth of t h e  Yukon River.  The bottom of Norton Sound i s  mostly gray sand 
and mud depos i ted  by t h e  Yukon River and o the r  s t reams emptying i n t o  the  
sound (El 1 i son e t  a1 . 1950). 

His tory  of  E x ~ l o r a t o r v  Fishinq and Population Assessment Surveys 

Exploratory f i s h i n g  was conducted i n  t h e  Nome a rea  a s  e a r l y  a s  September 
1948. Trawl gear  was used and only blue king c rab  (Para7i thodes  p7atypus) 
were captured  ( E l l i s o n  e t  a1. 1949). I t  was not u n t i l  t h e  fol lowing y e a r  when 
t r awl ing  was conducted f u r t h e r  o f f sho re  and eastward of Nome t h a t  ca tches  of 
red king c r a b  were made (El 1 ison e t  a1 . 1950). Exploratory f i s h i n g  in  Norton 
Sound, sou theas t  Chukchi Sea and ad jacent  waters  was not  conducted again 
u n t i l  1976 in  response t o  proposed o i l  and gas l e a s e  s a l e s  (Wolotira e t  a l .  
1977). Red king c r a b  were found only in  northern Norton Sound overlapping 
l i t t l e  with t h e  much wider d i s t r i b u t i o n  of blue king c r a b  found i n  ou te r  
Norton Sound, and t h e  Bering S t r a i t s .  In. gene ra l ,  a d i s j u n c t  d i s t r i b u t i o n  of 
red and blue king c rab  (Figure 2) appears t o  e x i s t  (Somerton 1985).  In 
support  o f  t h i s  i t  was observed in  1949 t h a t  ca t ches  of red king c rab  were 
from waters  g r e a t e r  than  2OC and blue king c rab  ca t ches  were almost 
exc lus ive ly  in  waters  O0 t o  2.6OC ( E l l i s o n  e t  a l .  1950). 

Since 1976 t h e  National Marine F i she r i e s  Serv ice  (NMFS) has surveyed i n  
Norton Sound and ad jacent  waters  every 3 yea r s  (1979, 1982, and 1985) using 
an e a s t e r n  o t t e r  t r a w l .  Sam l i n g  s t a t i o n s  i n  t h e  Norton Sound a rea  have been 
concent ra ted  i n t o  a 16 k4 (10 mi2) g r i d  and 30-minute tows have been 
conducted i n  t h e  c e n t e r  of t hose  squares  s e l e c t e d  f o r  sampling (Figure 3 
Stevens and MacIntosh 1986). Methodology i s  s i m i l a r  t o  t h e  Eastern Bering Sea 
c rab  survey (Steven and MacIntosh 1985). Population s i z e  was es t imated  using 
t h e  a rea  swept method (Alverson and Pereyra 1969).  

The f i r s t  ADF&G populat ion assessment survey was conducted in  1980. The 
survey a rea  was r e s t r i c t e d  t o  northern Norton Sound based upon t h e  r e s u l t s  
of NMFS surveys.  Baited pots  were f i s h e d  i n  o rde r  t o  obta in  an index of t h e  
populat ion p r i o r  t o  commercial ha rves t  with s i m i l a r  gea r  and a mark and 
r ecap tu re  p r o j e c t  was conducted t o  obta in  a populat ion e s t ima te  from t a g  
r ecove r i e s  by t h e  commercial f l e e t .  Secondary ob jec t ives  of t h e  survey were 
t o  e s t ima te  t h e  length  frequency d i s t r i b u t i o n ,  incremental growth, movement, 
and p r o b a b i l i t y  of molting of t h e  male populat ion.  Surveys conducted in  1980 
and 1981 were repor ted  by Powell e t  a l .  1983. Catch by s t a t i o n  f o r  t h e  1982 
survey was publ ished in  a r e p o r t  t o  t h e  indus t ry  (ADF&G 1982a) and length  
frequency d i s t r i b u t i o n s  of t h e  male ca t ch ,  popul a t i o n  e s t ima te s  and survey 
ca tches  were pub1 ished in  ADF&G (1982b) and Schwarz (1984).  

The populat ion s i z e  of l ega l  red king c rab  in  Norton Sound, a s  es t imated  by 
research  surveys,  has var ied  from 3 mi l l i on  c rabs  in  1976 t o  350 thousand in 
1982 (Table 1 ) .  The d e c l i n e  in  t h e  number of l ega l  s i z e  male c r a b  from 1976 
through 1982 has been a t t r i b u t e d  t o  a l ack  of recru i tment  and removal of  t h e  
o l d e r  c r a b  by t h e  commercial f i s h e r y  (ADF&G 1984). This  d e c l i n e  occurred in  
t h e  absence of such sources of m o r t a l i t y  a s  nemertean worms of  t h e  genus 
Carcinomemetes which prey on eggs (Wickham e t  a l .  1985) o r  epidemic 
propor t ions  of t h e  microsporidan d i s e a s e  (C.F. Lean, ADF&G, personal 



communication) commonly r e f e r r e d  t o  a s  t h e  "co t t age  cheese d i sease"  (Sparks 
and Frank 1985). 

Population e s t ima te s  of sublegal male c r ab  were not  made from ADF&G surveys 
a s  t h e s e  c r abs  a r e  thought t o  be l e s s  vu lnerable  than a d u l t s  t o  cap tu re  by 
po t s .  Add i t i ona l ly ,  t h e  surveys were not  designed t o  a s se s s  female abundance 
and few females were captured .  The female populat ion was . thought  t o  be 
d i s t r i b u t e d  more inshore .  As a  consequence, t h e  v a r i a t i o n  among yea r s  was 
assumed not  t o  r e f l e c t  any t r end  in female abundance. 

METHODS 

Gear S p e c i f i c a t i o n s  

The departmentf  s king c rab  pots  used in  1985 were developed f o r  research  
surveys and d i f f e r e d  from those  used commercially i n  t h a t  they  were covered 
with a  sma l l e r  8 . 9  cm (3 .5  in )  s t r e t c h  mesh. Each pot  was f i t t e d  with two 
tunnel eyes with v e r t i c a l  and hor izonta l  measurements of 20 cm x 91 cm ( 8  in  
x 36 i n )  r e s p e c t i v e l y ,  weighed approximately 295 kg (650 1 b) and measured 2.1 
m x  2.1 m x  76 cm ( 7 f t  x  7 f t  x  30 i n ) .  Each pot  was ba i t ed  with two, one 
l i t e r  (1  q t )  con ta ine r s  f i l l e d  with r e c e n t l y  thawed and chopped he r r ing .  A 
commercial vessel  r igged f o r  king c rab  f i s h i n g  and an experienced crew were 
cha r t e r ed  t o  b a i t ,  deploy, and r e t r i e v e  gea r .  

Survev Desiqn 

I n i t i a l l y  t h e  department 's  dec is ion  t o  survey only nor thern  Norton Sound f o r  
red king c rab  was based on t h e  success  of explora tory  f i s h i n g  and NMFS 
assessment surveys in  desc r ib ing  a  f a i r l y  c o n s i s t e n t  and confined 
d i s t r i b u t i o n  of red king c rab  wi th in  t h e  nor theas te rn  Bering Sea a rea .  
Furthermore, a  commercial c r ab  f i s h e r y ,  begun in 1977, t a r g e t e d  on t h e  a rea  
and d i d  not  d i s p e r s e  i n t o  nor d iscover  any add i t i ona l  a r eas  of c r ab  
concent ra t ion .  A g r i d  system of s t a t i o n s  was e s t a b l i s h e d  in  1980 by Powell 
e t  a1 . (1983) f o r  Norton Sound (Figure 4 ) .  S t a t i o n s  were placed a t  i n t e r v a l s  
of 6 minutes l a t i t u d e  (11.1 km) in  t h e  north-south d i r e c t i o n  and 20 minute 
i n t e r v a l s  in  t h e  eas t -wes t  d i r e c t i o n  which i s  16.2 km a t  64O nor th  l a t i t u d e  
(Dun1 ap and Schufel d t  1975). Each s t a t i o n  was assumed t o  be f o u r  minutes in  
length  and only one c rab  pot wide. Because of t h e  s taggered  p a t t e r n  of 
s t a t i o n  placement t h e  a r ea  each s t a t i o n  represented  was es t imated  by 
cen te r ing  a  s t a t i o n  in  i t s  own r ec t ang le  which was 6 minutes wide and 12 
minutes long,  r e s u l t i n g  in  a  g r i d  p a t t e r n  of r e c t a n g l e s  each 108.5 km2. The 
choice of s t a t i o n s  t o  survey in  1985 was based on h i s t o r i c a l  performance. 
The h ighes t  p r i o r i t y  was given s t a t i o n s  t h a t  had been sampled in  a l l  previous 
yea r s  and had r e s u l t e d  in  a  c o n s i s t e n t l y  non-zero ca tch  (Appendix Table 1, 
2 ) .  The rea f t e r  t h e  p r i o r i t y  decreased with a  decrease  in  e i t h e r  t h e  number 
of y e a r s  sampled o r  t h e  presence of c rab .  Special  emphasis was given t o  
severa l  inshore  s t a t i o n s  t h a t  had never been f i shed  in  o rde r  t o  expand our 
understanding of  migrat ional  movements and t o  eva lua t e  a  t heo r i zed  sp r ing  
o f f sho re  movement of c rab .  The lo ran  loca t ion  and l a t i t u d e / l o n g i t u d e  f o r  
s t a t i o n s  previous ly  sampled a r e  presented in  Appendix Table 3. 



A survey was designed f o r  16 days of f i s h i n g  o r  15 days of pot  r e t r i e v a l  with 
t h e  f i r s t  being used t o  i n i t i a l l y  deploy gea r .  S t a t i o n s  t o  be f i shed  each 
day were chosen t o  c r e a t e  a  c i r c u l a r  p a t t e r n  such t h a t  a f t e r  t h e  pots  were 
s e t  t h e  vessel  would have re turned  t o  t h e  pos i t i on  needed t o  r e t r i e v e  t h e  
f i r s t  s t r i n g  of po ts  placed t h a t  day. In add i t i on  t h e  survey began with 
s t a t i o n s  n e a r e s t  t o  Nome working westward and then south in  o rde r  t o  sample 
in  t h e  d i r e c t i o n  of t h e  theor ized  o f f sho re  migrat ion of c rab .  By so doing i t  
was hoped t h a t  c r ab  could not  migrate  i n t o  an a rea  a l ready  sampled and 
t h e r e f o r e  not  be vulnerable  t o  capture .  A s t r i n g  of 10 pots  were s e t  a t  0 .4 
km i n t e r v a l s  (0.25 mi) gene ra l ly  in  an e a s t  t o  west d i r e c t i o n  a t  each of f i v e  
s t a t i o n s  per  day. 

Each p o t ' s  ca tch  was s tandard ized  t o  r ep re sen t  a  ca tch  from a 24-hour soak 
through t h e  fol lowing t ransformat ion:  

where: 

C = C P U E  (Standardized Catch f o r  a  24-hour soak) 

c  = Actual catch (unstandardized)  

S = Soak t ime,  which i s  t h e  d i f f e r e n c e  between time s e t  and 
r e t r i e v e d .  

S a m ~ l  i  nq Des i qn 

Each p o t ' s  ca tch  was processed onboard f o l l  owing t h e  procedures desc r i  bed in  
t h e  opera t iona l  plan (Schwarz and Branni an 1985). King c rab  were so r t ed  by 
s p e c i e s ,  sex ,  and l ega l  versus sublegal  s i z e .  Legal c r ab  were def ined  (See 5 
AAC 34.060b, ADF&G 1986) a s  male red  king c rab  with carapace width g r e a t e r  
than o r  equal t o  121 mm (4 .75  i n ) .  The width measurement was def ined  by 
ADF&G (1986) a s  t h e  s t r a i g h t l i n e  d i s t a n c e  across  t h e  carapace a t  a  r i g h t  
angle  t o  a  l i n e  midway between t h e  eyes t o  t h e  midpoint of t h e  p o s t e r i o r  
por t ion  of t h e  carapace and including t h e  sp ine .  Carapace length  was defined 
a s  t h e  s t r a i g h t - l i n e  d i s t a n c e  between t h e  extreme concavi ty of t h e  r i g h t  eye 
o r b i t  and t h e  midpoint of t h e  p o s t e r i o r  por t ion  of t h e  carapace.  Carapace 
length  was measured t o  t h e  nea re s t  mm (using Vernier  c a l i p e r s )  f o r  a l l  male 
c r ab  and s h e l l  condi t ion  (age)  ca tegor ized  a s  e i t h e r  new, o ld  o r  very old 
depending on t h e  presence and abundance of s c ra t ches  and e p i f l o r a  and fauna. 
S h e l l s  were considered new i f  i t  had been 1 t o  12 months s i n c e  molting as  
judged by t h e  absence of s c ra t ches  on t h e  underside and l a c k  of development 
of e p i f l o r a  and fauna.  S h e l l s  were considered old i f  i t  had been 13 t o  23 
months s i n c e  molting and t h e r e  ex i s t ed  a  moderate leve l  of s c ra t ches  on t h e  
underside and a  moderate presence of e p i f l o r a  and fauna on t h e  carapace.  
S h e l l s  were considered very old with advanced s t ages  of e p i f l o r a  and fauna 
growth on t h e  carapace and a  heavi ly  scra tched  underside.  Weights t o  t h e  
n e a r e s t  s i x t e e n t h  of an ounce were taken using a  balance s c a l e  on a  subsample 
of l ega l  male red king crab .  Carapace length  was recorded f o r  a l l  female 
c r ab .  Females were ca tegor ized  according t o  t h e  r e l a t i v e  f u l l n e s s  of t h e i r  
c l u t c h .  The ca tch  inc iden ta l  t o  king c rab  was counted by taxon.  Carapace 
width measurements were taken on a l l  Tanner c r ab  (Chionoecetes spp . )  and 
t o t a l  l ength  recorded f o r  a l l  f i n f i s h .  



Data were analyzed using a s e r i e s  of FORTRAN programs developed by Department 
s t a f f  i n  Kodiak. These programs were used t o  c a l c u l a t e  mean soak t ime,  mean 
s t a t i o n  depth and CPUE by s t a t i o n  and length  frequency d a t a .  A f i n a l  
c l a s s i f i c a t i o n  of  t h e  male ca tch  was based on h i s t o r i c a l  d a t a  (Powell e t  a l .  
1983) f o r  t h e  fol lowing length  c a t e g o r i e s  of l ega l  and sublegal  c rab :  

Sublegal male c rab :  

P re rec ru i t -ones  were sublegal  c r ab  of a t  l e a s t  90 mm in  carapace length  

Pre-ones were sublegal  c r ab  l e s s  than 90 mm i n  carapace length  

Legal c rab :  

Rec ru i t s  were newshell l ega l  c r ab  through 115 mm in  carapace length  

P o s t r e c r u i t s  were a l l  o t h e r  1 egal males. 

Mean Catch Per Pot and I t s  Variance 

Mean ca tch  per  pot  and i t s  var iance  were c a l c u l a t e d  f o r  t h e  survey based on a 
s t r a t i f i e d  sys temat ic  sampl ing design which t r e a t e d  t h e  c a l c u l a t i o n  of 
s t ra tum means and var iances  a s  a two- s t a g e  sampl ing problem. S t a t i o n s  were 
des igna ted  a s  primary u n i t s  and pots  were subuni t s  f o r  t h e  two-stage sampling 
wi th in  an a rea  s t ratum. S t a t i o n s  were sampled in  a sys temat ic  manner. 
S t r a t a  were s e l e c t e d  using a p o s t - s t r a t i f i c a t i o n  scheme which minimized 
wi th in  s t ra tum var iance  through grouping s t a t i o n s  of  s i m i l a r  ca t ches .  This 
procedure was used t o  c a l c u l a t e  means and var iances  f o r  ca t ch  and CPUE f o r  
each of  t h r e e  c r a b  c a t e g o r i e s  (1 egal ma1 e s ,  sub1 egal ma1 e s  and females) . 
The methods of Wolter (1984) and Cochran (1977) were followed i n  ob ta in ing  
s t a t i o n  and s t ra tum s t a t i s t i c s .  The mean ca tch  per  pot  ( o r  CPUE) wi th in  
s t a t i o n  i (Yih) and t h e  ove ra l l  mean catch (o r  CPUE) per  s t ra tum h (Yh) were 
ca l  cul a t ed  a s  : 

where: Yijh = number of c r ab  caught in  pot j a t  s t a t i o n  i i n  
s t ra tum h 

mih = number of po ts  a t  s t a t i o n  i of s t ra tum h 

n h  = number of s t a t i o n s  in  s t ra tum h 



An unbiased es t imator  of the  variance in Yh was t he  sum of two variance 
components: 

The f i r s t  was t he  variance among s t a t i on  means ( ~ 1 ~ 2 )  and was estimated as: 

The second component (S corresponds t o  t h e  variance among pots within 
s t a t i o n s  averaged over a and was estimated as: 

where: j = pot order and represents  adjacent  pots. 

Within-stat ion variance,  Var (Yih) was calcula ted using equation 6 because of 
Wol t e r ' s  (1984) f inding t h a t  t h i s  es t imator  p a r t i  a1 l y  p ro tec t s  agains t  b ias  
t h a t  can be caused by population pa t t e rns ,  such as autocorre la t ion,  l i n e a r  
t rends ,  and o thers .  Equation 5 requi r e s  am assumpt i on of independence 
between t he  catches a t  each s ta t ion .  This survey's sca le  of i n t e r - s t a t i o n  
spacing, l e s s  than 11 km in Norton Sound, may lead t o  the  v io la t ion  of t h a t  
assumption i f  aggregation pat terns  e x i s t  t h a t  extend beyond t h a t  d is tance .  

Final ly ,  formulae f o r  s t r a t i f i e d  systematic sampling (Cochran 1977, p. 
226-227) were used t o  est imate the  mean catch per pot among the  s t r a t a  Y , t s y ,  
and i t s  variance,  Var(Ystsy) : 

( 7 )  ys t sy  = W h y h  
a l l  h 

and 

(8  Var(YStsy) = Z wh2"ar(yh) 
a l l  h 

where: Wh = Proportion of t o t a l  area surveyed in stratum h 



Three o r  f o u r  s t r a t a  were chosen using a p o s t - s t r a t i f i c a t i o n  scheme which 
minimized t h e  c o e f f i c i e n t  of  v a r i a t i o n  in  Y s  st. S t a t i o n s  with ze ro  ca tches  
comprised t h e  f i r s t  s t ratum. Boundaries f o r  t%e o t h e r  s t r a t a  were i d e n t i f i e d  
by t r i a l  and e r r o r .  

P r o b a b i l i t i e s  of  Obtaininq Leqal Sized Males Based on Carapace Lenqth 
Measurements 

King c r a b  do not  possess  a unique carapace length  measurement corresponding 
t o  t h e  minimum lega l  carapace width measurement of 121 mm. Carapace length  i s  
t h e  s c i e n t i f i c a l l y  accepted measurement; having been p r e c i s e l y  def ined ,  i t  i s  
thought t o  be more r epea t ab le  and l e s s  s u s c e p t i b l e  t o  e r r o r  than a carapace 
width measurement. Furthermore, surveys conducted by NMFS c o l l  e c t  only 
carapace l eng th  d a t a .  I t  i s  t h e r e f o r e  necessary t o  understand t h e  
r e l a t i o n s h i p  between carapace length  and width dimension i n  o rde r  t o  
determine which po r t ion  of t h e  populat ion i s  l e g a l  f o r  ha rves t  f o r  t h e  yea r s  
when only NMFS has assessed t h e  a rea .  

P rob i t  a n a l y s i s  (Hewlett and P l a c k e t t  1979) was used t o  e s t ima te  t h e  
p r o b a b i l i t y  of a c r ab  having a l ega l  width measurement based on i t s  carapace 
l eng th .  P rob i t  a n a l y s i s  was a l s o  u t i l i z e d  t o  f i t  a sigmoid curve t o  d a t a  
concerning t h e  p r o b a b i l i t y  of ob ta in ing  a l ega l  s i z e  width measurement f o r  a 
given length  ca tegory .  SAS (1985) software on t h e  s t a t e  of Alaska IBM 
mainframe was u t i l i z e d  t o  obta in  t h e  maximum l i k e l i h o o d  e s t ima te s  f o r  A and B 
> 0 

where: Z = cumulative d i s t r i b u t i o n  func t ion  of t h e  s tandard  normal 
d i s t r i b u t i o n  

x = carapace length  

y = p r o b a b i l i t y  of being of l ega l  width 

The p r o b a b i l i t i e s  f o r  t h e  est imated curve were obtained using a polynomial 
expression given by Hast ings (1955). 

Lenqth-Weiqht Rela t ionship  

Population abundance was est imated i n  number of c r ab  by both t h e  department 
and NMFS. In c o n t r a s t ,  ha rves t  guide1 ines  were s e t  i n  pounds of  l ega l  s i z e  
c rab .  A length-weight  r e l a t i o n s h i p  was needed t o  conver t  numbers of c r ab  t o  
biomass i n  o rde r  t o  s e t  ha rves t  gu ide l ines  and f o r e c a s t  a l lowable ca t ch .  

The l eng th  (L) weight (W) r e l a t i o n s h i p  f o r  Norton Sound red king c rab  was 
modeled a s  W = a ~ ~ .  A l og  t ransformat ion  was made t o  c o l l e c t e d  length  and 
weight d a t a .  The r eg re s s ion  subrout ine  in  Minitab f o r  microcomputers (Ryan e t  
a l .  1986) was used t o  obta in  a l e a s t  squares  f i t  of t h e  d a t a  t o  t h e  
l i n e a r i z e d  form of t h e  model. 



Growth ue r  Molt and Probabi 1 i t v  of Mol t i n q  

Legal and sublegal  male red king c rab  have been tagged and r e l eased  during 
each of t h e  department 's  popul a t i  on assessment surveys (1980, 1981, 1982 and 
1985) i n  Norton Sound. In addi t ion  when pots  were f i s h e d  d i r e c t l y  o f f sho re  
from Nome dur ing  t h e  win te r s  of 1982 through 1986 male king c rab  were tagged 
and r e l eased  (Schwarz 1983, Schwarz and Lean 1984). A t  t h e  t ime of  r e l e a s e  
c r ab  were measured f o r  carapace length  and t h e  number of months s i n c e  molting 
was es t imated  from t h e  condi t ion  of  t h e  s h e l l .  Subsequently,  tagged c rab  
recovered a yea r  l a t e r  were again measured and age of s h e l l  recorded a s  t h e  
number of months s i n c e  molt ing.  In general s h e l l s  were considered new i f  i t  
had been 1 t o  12 months s i n c e  molt ing,  o ld  s h e l l s  were 13 t o  23 months and 
very o ld  s h e l l s  des igna ted  g r e a t e r  than 24 months. Growth per  molt was 
es t imated  from recovered tagged c rab  t h a t  had been a t  l a r g e  dur ing  only one 
molting period and showed s i g n i f i c a n t  growth. Growth of l e s s  than 3 mm was 
thought t o  be due t o  measurement e r r o r  a s  were negat ive  changes in  s i z e  
between r e l e a s e  and r ecap tu re .  P r o b a b i l i t i e s  of molting by s i z e  ca tegory  were 
es t imated  a s  t h e  r a t i o  of c rabs  recovered a f t e r  one molting period t h a t  had 
grown t o  t h e  t o t a l  number recovered. Powell e t  a1 . (1983) had e a r l i e r  
concluded t h a t  Norton Sound male red king c rab  molted during April  through 
June,  p r i o r  t o  t h e  department 's  assessment surveys i n  J u l y .  This  was based 
only on judgements concerning t h e  s h e l l  condi t ion  during J u l y  surveys.  The 
popul a t  ion has been sampl ed during t h e  department 's  win ter  research  program 
from January i n t o  May beginning in  1982 and has not  documented molting crab.  
The only observed occurrence of  molting male c r ab  i n  Norton Sound has been 
from 1 a t e  August through September ( C .  F .  Lean, ADF&G, personal communication) 
by t h e  commerci a1 f l e e t  (1982) and NMFS (1982 and 1985). NMFS has documented 
t h e  presence of molting red king c rab  in  September during t h e i r  1982 and 1985 
survey i n  Norton Sound (Stevens and Macintosh 1985).  Therefore i t  i s  now 
gene ra l ly  be1 ieved t h a t  t h e  molt occurs  from l a t e  August t o  October f o r  male 
red  king c rab  i n  Norton Sound. In c o n t r a s t ,  female red king c rab  a r e  s t i l l  
thought t o  molt in  March through May. 

Petersen P o ~ u l a t i o n  Estimate - Taq Placement and Recovery 

The abundance of l ega l  male red king c rab  in  Norton Sound has been est imated 
with mark and r ecap tu re  methods. Crabs were tagged and r e l eased  during t h e  
popul a t  i on assessment survey and recovered by onboard observers  empl oyed by 
t h e  department during t h e  commerci a1 f i s h e r y .  I n i t i a l l y  every l e g a l  s i zed  
male c r ab  was t o  be tagged with a permanent isthmus t a g  developed by Powell 
e t  a l .  (1983) c o n s i s t i n g  of a s t a i n l e s s  s t e e l  hog r i n g  with uniquely numbered 
Fl oy tub ing .  Secondary o b j e c t i v e s  f o r  tagging included ob ta in ing  e s t ima te s  of 
incremental growth, y e a r l y  p r o b a b i l i t y  of molt ing,  and t o  desc r ibe  t h e  spr ing  
migra t ion .  Every t e n t h  sublegal c r ab  was tagged because of t h e i r  g r e a t e r  
abundance and t h e  f a c t  t h a t  a population e s t ima te  of sub lega l s  was not an 
o b j e c t i v e  of t h e  survey. 

To obta in  t h e  most accu ra t e  Petersen populat ion e s t ima te ,  only tagged c rab  
recovered by department observers  were used t o  cons t ruc t  t h e  e s t ima te .  Crab 
were measured and t h e  loca t ion  information used t o  determine t h e  research  
a rea  of recovery.  Norton Sound has been subdivided i n t o  a r ec t angu la r  g r i d  
system by Powell e t  a1 . (1983) f o r  t h e  c o l l e c t i o n  and a n a l y s i s  of t a g  r e t u r n  
d a t a  (F igure  5 ) .  Rewards were paid t o .  vessel  crewmembers r e g a r d l e s s  of 
whether t h e  vessel  had an observer .  Only d a t a  c o l l e c t e d  by department 



observers  concerning number of recovered t a g s  and c rab  observed f o r  t a g s  
( v e s s e l ' s  ca t ch )  were used i n  t h e  Petersen populat ion e s t ima te .  

Population s i z e  was est imated using an ad jus ted  Petersen e s t ima to r  (Seber 
1982).  The 1 egal ma1 e king c r a b  popul a t i  on (N) was ca l  cul a ted  as :  

and i t s  var iance  (s*) est imated a s  (Seber 1982) : 

s2 = ( C t l )  (Mtl) (C-R) (M-R) 
. . . . . . . . . . . . . . . . . . . . . . . .  

( R t l )  ( R t l )  (Rt2) 

where: 

M = number of c r ab  tagged 
C = number of  c r ab  observed f o r  t a g s  
R = number of c r ab  recovered with t a g s  

The s i z e  of  t h e  p r e r e c r u i t  populat ion (NS) vulnerable  t o  cap tu re  was 
es t imated  from t h e  s i z e  d i s t r i b u t i o n  of t h e  survey 's  male ca tch  and t h e  
populat ion e s t ima te  (N) of l e g a l s .  The e s t ima te  was ca l cu la t ed  as :  

where: 

P = proport ion of t o t a l  c h a r t e r  C P U E  t h a t  was sublegal  

Using t h e  d e l t a  method (Seber 1982) t h e  var iance  [V(Ns)] was approximated a s :  

where: 

V(P) = P( l -P) / (n-1)  i s  t h e  var iance  of P and n i s  t h e  
number of  male c r ab  measured during t h e  survey 

RESULTS 

The F/V A r c t i c  Sea, a 38 m (125 f t )  vessel  r igged f o r  commercial c r ab  f i s h i n g  
was cha r t e r ed  f o r  14 days beginning J u l y  1 ,  1985. Sampl ing was conducted a t  
65 s t a t i o n s  (F igure  6)  and 642 po s were succes s fu l ly  ba i t ed  and r e t r i e v e d  5 r ep re sen t ing  an a rea  of 7,052.5 km . The mean depth per  s t a t i o n  ranged from 
15.5 m t o  28 m with c o e f f i c i e n t s  of v a r i a t i o n s  from 0 t o  15% (Table 2 ) .  The 
mean soak time per  s t a t i o n  var ied  from 9.2 hours t o  24.9 hours.  

All ca tches  of king c rab  were s tandard ized  t o  r ep re sen t  C P U E  f o r  a p o t l i f t  
with a 24-hour soak. The t o t a l  s tandard ized  catch f o r  t h e  1985 populat ion 



assessment survey was 6,086 sublegal  s ,  4,645 1 egal ma1 e s  (Appendix Table 4) 
40 juven i l e  and 141 a d u l t  females (Appendix Table 5 ) .  S t a t i o n ' s  mean ca tch  
per  pot  ranged from zero t o  34 (Figure 7 ) .  Standardized ca t ches  of blue king 
c rab  and unstandardized ca tches  of i nc iden ta l  c r ab  and f i n f i s h  spec i e s  a r e  
presented by s t a t i o n  in  Appendix Tables 6 and 7. 

The mean CPUE and i t s  var iance  f o r  t h e  survey were c a l c u l a t e d  using 
s tandard ized  ca tch  per  pot 1 i f t .  Data were p o s t s t r a t i f i e d  i n t o  fou r  s t r a t a  
( ze ro ,  and t h r e e  non-zero s t r a t a ) .  The non-zero s t ra tum boundaries were 0.10 
- 4.9,  5 - 19.9 and 20 - 34 f o r  l ega l  male s tandard ized  ca tch  and CPUE and 
0.10 - 4.9 ,  5 - 26 and 26.5 - 50 f o r  sublegal  male s tandard ized  ca tch  and 
C P U E .  The r e s u l t i n g  mean s tandard ized  ca tch  per  pot l i f t  and i t s  var iance  a r e  
presented i n  Table 3 .  The mean and i t s  var iance  were a l s o  c a l c u l a t e d  f o r  
unstandardized ca tch  (Table 3 ) .  The r a t i o s  of t h e  s tandard  e r r o r  t o  t h e  mean 
were v i r t u a l l y  i d e n t i c a l  between CPUE and raw ca t ch .  

Lenqth Composition, Weiqht, She1 1 Condit ion,  and Oviqer i ty  

In 1985 a l l  male king c rab  captured were measured f o r  carapace length  a f t e r  
having been des igna ted  l ega l  o r  sublegal from i t s  carapace width measurement. 
Figure 8 (Appendix Tab1 e 8 )  i l l  u s t r a t e s  t h e  1 ength-frequency d i s t r i b u t i o n  of 
male c r a b  captured dur ing  t h e  assessment survey. Based on carapace 
measurement and s h e l l  condi t ion  57% were judged t o  be p r e r e c r u i t s ,  17% 
r e c r u i t s  and 26% p o s t r e c r u i t s .  Ninety-nine percent  of t h e  sub lega l s  and 87% 
of  t h e  l e g a l s  captured were judged t o  be in  new s h e l l  cond i t i on ,  and 
t h e r e f o r e  t o  have molted in  t h e  f a l l  of 1984. 

P rob i t  a n a l y s i s  (Hewlett  and P lacke t t  1979) was used t o  f i t  a sigmoid curve 
t o  1985 (Figure 9) carapace length  d a t a .  Data i n  2-mm length  c a t e g o r i e s  were 
used wi th in  t h e  s i z e  range where l e s s  than 100% were l ega l  o r  sublegal  based 
on width measurement. Male c rabs  ranging from 96 t o  111 mm i n  carapace length  
were not  a l l  l ega l  s i z e .  For 1985 only 14.3% of t h e  101-mm leng th  c rabs  were 
l ega l  i nc reas ing  t o  92.7% of t h e  107-mm length  c rabs  (Table 4 ) .  Appendix 
Table 9 p re sen t s  t h e  r e s u l t s  of p r o b i t  a n a l y s i s  using d a t a  of previous 
surveys conducted in  1980 and 1981. 

A t o t a l  of 472 l e g a l  male c r ab  was weighed and measured during t h e  survey and 
an add i t i ona l  213 males during t h e  win ter  of 1985-1986. A length-weight  
r e l a t i o n s h i p  w a i  f i t  t o  t h e s e  d a t a  (Figure 1 0 ) .  Using a l i n e a r i z e 9  form of 
t h e  model (W=aL ), a l e a s t  squares  f i t  was ab l e  t o  expla in  97% ( R  ) of  t h e  
v a r i a t i o n  i n  weight by carapace length  of t h e  transformed d a t a  (Table 5 ) .  

A1 1 female king c rab  captured were measured and ca tegor ized  according t o  t h e  
presence of and r e l a t i v e  s i z e  of t h e  egg c l u t c h  ( o v i g e r i t y ) .  Figure 11 
i l l u s t r a t e s  t h e  s i z e  composition of t he  ca t ch .  Of those  captured 22% were 
juven i l e s  and 4% were l a r g e  a d u l t s  t h a t  had never borne eggs. Sixty-two 
percent  had c lu t ches  g r e a t e r  than 89% f u l l  (Appendix Table 10 ) .  S ix ty  four  
percent  of  t h e  female c r ab  ranging from 60 t o  75 mm i n  carapace length  were 
a d u l t s .  P rob i t  a n a l y s i s  was used t o  e s t ima te  t h e  percent  a d u l t  by length  
ca tegory  (Table 6 ,  Figure 12) .  

Length frequency composition of blue king c rab  and Tanner c r ab  a r e  presented 
in  Appendix Tables  11 and 12. 



Tagqinq and a Petersen Population Estimate 

A t o t a l  of 1,514 l ega l  male and 542 sublegal male red king c rab  was tagged 
and r e l eased  during t h e  1985 populat ion assessment survey. Every l ega l  c r ab  
captured a t  t h e  nearshore  s t a t i o n s  numbered 574 and 592 was tagged and every 
t h i r d  l ega l  c r a b  was tagged a t  a l l  subsequent s t a t i o n s .  However, f o r  purposes 
of t h e  Pe tersen  populat ion e s t ima te ,  only every t h i r d  t a g  r e l ea sed  a t  
s t a t i o n s  574 and 592 was considered a mark r e s u l t i n g  in  a t o t a l  of 1,175 
tagged l e g a l  males.  

Recovery of tagged c rab  was accomplished through t h e  in spec t ion  of t h e  
commercial ca t ch .  The season opened August 1 with s i x  boa ts  p a r t i c i p a t i n g ,  
two ca t che r -p roces so r s  and fou r  ca t che r s  d e l i v e r i n g  t o  one processor .  Four 
department employees were onboard v e s s e l s  t o  observe t h e  ca tch  f o r  tagged 
crab .  A t o t a l  of 99,555 crabs  was examined f o r  t a g s  by department s t a f f ,  of 
which 128 c a r r i e d  t a g s  qua l i fy ing  f o r  t h e  Petersen e s t ima te .  The populat ion 
e s t ima te  was 907,579 l ega l  c rabs  with a var iance  of 5.63 mil l  ion (Table 7 ) .  
An e s t ima te  of 1.6 mi l l i on  sublegal c r abs  of a s i z e  vulnerable  t o  cap tu re  by 
research  gea r  was made with a var iance  of 17.7 mi 11 ion (Tabl e 7 ) .  

Growth per  Molt and P robab i l i t y  of Molting 

A t o t a l  of 196 tagged c rabs  was recaptured a f t e r  a s i n g l e  molting period f o r  
t h e  y e a r s  1981 through 1986. The mean growth per  yea r  was 13.1 mm with a 
s tandard  dev ia t ion  of  3.11 f o r  t h e  137 c rabs  d i sp l ay ing  growth. A t o t a l  of 59 
was s k i  pmol t c rab  o r  c r ab  which had not  grown (Tabl e 8 )  . There appeared t o  be 
a s l i g h t  decrease  in  growth per  molt with increas ing  carapace l eng th .  This 
decrease  i n  mean growth per  molt may have been more a func t ion  of small 
sample s i z e s  i n  t h e  l a r g e r  length  ca t egor i e s  (F igure  13 ) .  

The p r o b a b i l i t y  of molting a f t e r  one year  decreased with increas ing  carapace 
l eng th .  One hundred percent  of those  c rab  l e s s  than 95 mm i n  carapace length  
molted. In c o n t r a s t  only 23% of t h e  c r ab  l a r g e r  than 130 mm molted a f t e r  one 
year .  
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Table 1. Resul ts  o f  t h e  popu la t i on  assessment surveys conducted f o r  r e d  k i n g  c rab  i n  Nor ton Sound s ince  
1976. 

.................................................................................................................... 
Number of Red King C r a b  C a p t u r e d  P o p u l a t i o n  E s t i m a t e s  ................................... o f  L e g a l  Male c r a b  

R e s e a r c h  Gear/  S u b l e g a l  ~ e ~ a 1 ~  ........................ 
Year D a t e  Agency V e s s e l  E f f o r t  Males Males Females  Numbers Pounds .................................................................................................................... 
1976 9/02 - 9/05 NMFS Miller- Trawl 7 6 8  555  1 8 0  

9/16 -10/07 Freeman 1 5 8  Tows 

1 9 7 9  7 / 2 6 - 8 / 0 5  NMFS Miller- Trawl 46 194  40 
Freeman 7 1  Tows 

1980 7/04 - '7/14 ADF&G A l t a i r  P o t s  443 3,290 1 5 8  
397 L i f t s  

1 9 8 1  6/28 - 7/14 ADFM; A l t a i r  P o t s  4,097 3,415 1 , 9 3 3  
7 1 8  L i f t s  

1982 7/06 - 7/20 ADFM; A l e u t i a n  P o t s  5 , 0 1 9  2 ,001  42 4 353 ,273  1 ,271 ,783  
Ln 
I 

# 1 689 L i f t s  

1982 9/05 - 9/11 NMFS Miller- Trawl 3 22 107 26 5 
Freeman 50 Tows 

1985 7 /01  - 7/14 ADF&G A r c t i c  P o t s  6,086 4,645 1 8 1  
S e a  642 L i f t s  

1 9 8 5  9/16 -10/01 NMFS Argosy Tr  aw 1 266 1 6  3 1 5 1  
78  Tows 

.................................................................................................................... 

'~umber of crab captured on ADF&G surveys represent  data s tandard ized f o r  a  24-hour soak. 

' ~ e ~ a l  male r e d  k i n g  crab were de f ined  as a t  l e a s t  106 mm i n  carapace l e n g t h  f o r  t h e  1976 NMFS survey; 105 mm 
f o r  the  1979 and 1985 NMFS survey; and a t  l e a s t  121 mrn i n  carapace w i d t h  f o r  a1 1  ADF&G surveys. 

3 ~ o p u l a t i o n  est imates are  v a l i d  f o r  t he  da te  o f  t he  survey, i .e., e i t h e r  be fore  o r  a f t e r  t h e  summer commercial 
f i s h e r y .  

4 ~ h e  1980 est imate has been rev i sed  from the  o r i g i n a l  es t imate  o f  13.4 m i l l i o n  pounds. The o r i g i n a l  est imate 
was thought i naccu ra te  due t o  under - repor t ing  o f  recovered tagged crab. 



T a b l e  2. Number o f  p o t s  p e r  s t a t i o n ,  mean s t a t i o n  d e p t h ,  and soak t ime  f o r  t h e  
1985 ADF&G Norton Sound r e d  king c r a b  p o p u l a t i o n  assessment  su rvey .  

......................................................................... 
Depth i n  Meters 

No. of .............................. Mean (Firs) 1 
S t a t l o n  Pots  Mean SE CV Min. - Max. Soak Time Soak CF .......................................................................... 

439 10 26.9 0.39 4.6 25.6 - 29.3 19.2 1.25 
440 8 27.2 0.23 2.4 25.6 - 27.4 20.1 1.19 
441 9 24.4 0.30 3.8 23.8 - 25.6 20.9 1.15 
442 10 24.9 0.30 3.8 23.8 - 25.6 14.1 1.70 
4 43 10 27.1 0.24 2.8 25.6 - 27.4 14.5 1.66 
444 10 28.0 0.28 3.2 27.4 - 29.3 18.2 1.32 
46 4 10 27.4 0.00 0.0 27.4 - 27.4 16.7 1.44 
46 5 8 23.8 0.00 0.0 23.8 - 23.8 16.0 1.50 
466 10 21.9 0.00 0.0 21.9 - 21.9 13.2 1.82 
467 10 22.7 0.30 4.2 21.9 - 23.8 15.2 1.58 
468 10 24.3 0.28 3.6 23.8 - 25.6 14.8 1.62 
46 9 10 26.7 0.30 3.5 25.6 - 27.4 18.5 1.30 
4 95 10 27.1 1.30 15.2 21.9 - 32.9 17.4 1.38 
4 96 10 25.6 0.00 0.0 25.6 - 25.6 19.7 1.22 
4 97 10 21.6 0.24 3.6 20.1-21.9 20.4 1.18 
498 10 20.1 0.00 0.0 20.1 - 20.1 17.6 1.36 
499 10 28.1 0.00 0.0 20.1 - 20.1 18.8 1.28 
500 10 21.9 0.00 0.0 21.9 - 21.9 17.8 1.35 
5 17 18 23.2 0.28 3.8 21.9 - 23.8 16.8 1.43 
51 8 10 16.6 0.18 3.5 16.5 - 18.3 15.8 1.52 
519 10 20.1 0.00 0.0 20.1-20.1 21.6 1.11 
520 10 19.2 0.30 5.8 18.3 - 20.1 28.4 1.18 
5 21 10 19.2 0.30 5.0 18.3 - 20.1 19.6 1.22 
522 10 20.3 0.18 2.8 20.1 - 21.9 17.0 1.41 
5 23 10 22.3 0.24 3.5 21.9-23.8 18.9 1.27 
537 18 23.6 0.18 2.5 21.9 - 23.8 10.5 2.29 
538 10 22.3 0.24 3.5 21.9 - 23.8 11.1 2.16 
539 18 17.7 0.28 5.0 16.5 - 18.3 11.6 2.07 
540 10 18.3 0.00 0.0 18.3-18.3 15.0 1.60 
5 41 10 18.3 0.00 0.0 18.3 - 18.3 15.9 1.51 
542 10 18.3 0.00 0.0 18.3 - 18.3 18.7 1.28 
5 43 10 19.0 0.30 5.0 18.3 - 20.1 17.9 1.34 
544 10 20 .L 0.00 0.0 20.1 - 20.1 18.5 1.30 
557 9 26.6 0.44 5.0 25.6-29.3 9.5 2.53 
558 10 18.1 0.18 3.2 16.5 - 18.3 9.2 2.61 
559 10 18.3 0.00 0.0 18.3 - 18.3 18.0 1.33 
56 0 10 16.5 0.00 0.0 16.5 - 16.5 17.5 1.37 
56 1 10 17.2 0.30 5.5 16.5 - 18.3 16.9 1.42 
56 2 10 17.6 0.30 5.4 16.5 - 18.3 19.8 1.21 
563 10 18.3 0.00 0.0 18.3 - 18.3 19.3 1.24 
56 4 10 18.3 0.00 0.0 18.3 - 18.3 19 .0 1.26 
57 4 10 15.5 0.49 10.0 12.8 - 18.3 18.0 1.33 
575 10 24.9 0.30 3.8 23.8 - 25.6 24.9 0 -96 
576 10 16.5 0.00 0.0 16.5 - 16.5 24.0 1.00 
577 10 16.5 0.00 0.0 16.5 - 16.5 16.9 1.42 
57 8 10 16.5 0.80 0.0 16.5 - 16.5 18.6 1.29 
579 10 16.5 0.00 0.0 16.5-16.5 18.7 1.28 
5 80 9 16.5 0.00 0.0 16.5 - 16.5 17.7 1.36 
592 10 21.8 0.64 9.2 20.1-25.6 22 - 2  1.08 
5 93 10 18.3 0.00 0.0 18.3-18.3 23.7 1.01 
5 94 9 15.6 0.32 6.2 14.6 - 16.5 17.7 1.36 
5 95 10 16.5 0.00 0.0 16.5 - 16.5 18.0 1.33 
5 96 10 16.5 0.00 0.0 16.5 - 16.5 19.6 1.22 
6 08 10 16.5 0.00 0.0 16.5 - 16.5 19.7 1.22 
609 10 16.5 0.00 0.0 16.5 - 16.5 20.1 1.19 
618 10 16.5 0.00 0.0 16.5 - 16.5 16.6 1.45 
6 27 10 18.3 0.00 0.0 18.3 - 18.3 17.5 1.37 
6 37 10 20.1 0.00 0.0 20.1 - 20.1 18.8 1.33 
6 46 10 19.8 0.24 3.9 18.3 - 20.1 18.4 1.30 
6 56 10 16.5 0.80 0.0 16.5-16.5 18.9 1.27 
6 57 10 18.3 0.00 0.0 18.3 - 18.3 18.4 1.3 0 
666 10 20.1 0.80 0.0 20.1 - 20.1 17.5 1.37 
667 10 18.3 0 .OO 0.8 18.3 - 18.3 19.1 1.26 
6 96 10 22.7 8.30 4.2 21.9 - 23.8 19.8 1.21 
705 10 25.1 0.28 3.5 23.8 - 25.6 20.7 1.16 .......................................................................... 

Total  65 6 42 .......................................................................... 

I S E  = Standard  e r r o r  o f  the mean 
CV = C o e f f i c i e n t  o f  v a r i a t i o n  i n  p e r c e n t  
Soak CF = Soak c o r r e c t i o n  f a c t o r  = 24 Hrs / Mean Soak Time 

S t a n d a r d i z e d  c a t c h  i s  Soak CF times t h e  observed c a t c h .  
Source  = Worksheet  Potdepth.wk1 



Table 3 .  Mean and i t s  va r i ance  f o r  CPUE and unstandardized ca tch  in  number 
of c r a b  from t h e  1985 ADF&G red king c rab  populat ion assessment 
survey i n  Norton Sound. 

Red King Crab 

CPUE ( S t a n d a r d i z e d  Catch)  .................................... 
Mean Va r i ance  R. E. 1 

Legal  
Sub l ega l  
Females 

Uns tandard ized  Catch 

Red King Crab Mean Va r i ance  R. E. ................................................................ 
Legal  5.5 0.10 5.7 
S u b l e g a l  7.2 0.28 7.3 
Females 0.2 0.0009 14.6 

'R.E. = Rela t ion  percent  e r r o r  o r  t h e  r a t i o  of the s tandard  e r r o r  t o  t h e  mean 
i n  percent .  



Table 4. Percent  of male red king c rab  t h a t  were lega l  s i z e  f o r  carapace 
l eng ths  95 t o  112 mm, Norton Sound, 1985. 

- 

Car apace Percent 1 

Length (mm) Legal 

' ~ e ~ a l  c r ab  a r e  males of  a t  l e a s t  121 mm (4.75 i n )  i n  
carapace  width.  



Table 5. Regression summary (weight on length) for  the relationship between 
weight ( i n  g )  and carapace length ( in  m m )  of male red king crab in 
Norton Sound. 

- - - - - - - - 

variable1 Estimate of Coefficient Standard Error 

Intercept -2.88 0.04 
Slope 2.89 0.02 ................................................................. 

l ~ o d e l  used as LN(Weight) = Ln(a) + b Ln(Length). 



T a b l e  6 .  P e r c e n t  o f  f e m a l e  r e d  k ing  c r a b  which were a d u l t s  f o r  c a r a p a c e  
l e n g t h s  60 t o  75 rnm i n  Norton Sound, 1985.  

........................................................... 
Carapace P e r c e n t  

L e n g t h  (mm) A d u l t  ........................................................... 
6 0  0 . 1  
6 1  0 . 4  
6 2  1.1 
63  3 . 1  
6 4  7 . 2  
6 5  1 4 . 8  
66 26 - 3  
67 4 1 . 2  
6  8  5 7  .6  
6 9  7 2  - 7  
7 0  84 - 5  
7 1  92  - 3  
7 2  9 6 . 7  
7 3  9 8 . 8  
7  4  9 9  - 6  
7 5  9 9 . 9  .......................................................... 



Table 7. Estimate of population s ize in numbers and i t s  standard deviation fo r  
the red king crab population in Norton Sound, 1985. 

............................................................... 
Male Propor  t i o n  P o p u l a t i o n  S tandard  
King Crab of Catch  S i z e  D e v i a t i o n  

Lega l  0 -43 907,579 75,033 

S u b l e g a l  0 -57 1,600,668 133,021 

............................................................... 
'square root of the variance. 



T a b l e  8. Growth p e r  m o l t  ( i n  rnm) and p e r c e n t  m o l t i n g  f o r  Norton Sound r e d  
k ing  c r a b  t a g  e d  f rom 1980 t h r o u g h  1985 and r e c o v e r e d  one  y e a r  9 a f t e r  t a g g i n g  . 

........................................................................ 
Growth A f t e r  One Molt  (mm) 

Carapace  .......................... Number of  P e c e n t  T o t a l  N o .  
L e n g t h  (mm) Mean STD N S k i p m o l t s  M o l t i n g  R e c o v e r i e s  ........................................................................ 

6 5  - 6 9  12.00 1.00 1 0 100 . O  1 
70 - 74 1 5  -00 1.00 1 0 100 .O 1 
7 5  - 7 9  0 0 100.0 0 
80 - 84 0 0 100 -0 0 
85 - 89 1 5  -50 3 -54  2 0 100.0 2 
90 - 94 14.36 3 -29  11 0 100 .O 11 
95 - 99 1 5  - 1 5  3 - 4 8  26 1 96 .3 27 

100 -104 13.69 2.87 26 5 83.9 3 1 
1 0 5  -109 1 3  - 1 8  3 -16 17 7 70.8 24  
110 -114 11 -60 2 -00 10 5 66.7 1 5  
1 1 5  -119 11 -92 2 .61  1 2  3 80 .O 1 5  
120 -124 11 -05  2 -12  1 9  11 63.3 30 
1 2 5  -129 12.00 2.85 5 3 62.5 8 
130 -134 1 0  -00 1.00 3 1 3  18 .8  16  
1 3 5  -139 11 -50 2.00 4 9 30.8 1 3  
140 -144 0 2 0  -0  2  ...................................................................... 
T o t a l  1 3  . l o  3  -11 137 5 9  196  ...................................................................... 
'STD = S t a n d a r d  D e v i a t i o n  

N = Number r e c o v e r e d  hav ing  mol t e d  and grown 
Source  = L o t u s  w o r k s h e e t  GROWTHS .WK1 





65 

60 
St Matthew 1 

UUl Endicott arm 

55 

F i g u r e  2.  The d i s t r i b u t i o n  o f  r e d  k ing  c r a b  ( s o l i d  d a r k )  and b l u e  k ing c r a b  
( s l a s h e d  l i n e s  w i t h  l o c a t i o n  names) i n  Alaska  based on Somerton 
(1  985). 
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Figure 5. Research grid system f o r  recording tag recoveries consis t ing of 8-by 16-km (5-by 10-mi) rec- 
tangles each of which were subdivided t o  50 squares (1 mi) .  (From Powell e t  a l .  1983) 



OPEN AREA 

F i g u r e  6. S t a t i o n  numbers des igna t i ng  t h e  l o c a t i o n s  f i shed  d u r i n g  t h e  1985 ADF&G r e d  k i n g  c rab  p o p u l a t i o n  
assessment survey i n  Nor ton Sound. A l i n e  has been drawn t o  separate t h e  areas open and c l osed  
t o  t h e  summer commercial f i s h e r y .  
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Carapace Length (MM 
Sublegals & Legals 

F i g u r e  8. His tograms of c a r a p a c e  l e n g t h s  of male  r e d  k ing c r a b  c a p t u r e d  d u r i n g  
t h e  p o p u l a t i o n  a s s e s s m e n t  s u r v e y  i n  Norton Sound, J u l y  1985. 
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Carapace Length (mm) 

Figure 9. Probit  f i t  f o r  percentage of legal width male red k i n g  crab a t  each 
1-mrn carapace length increment f o r  1985 Norton Sound survey data.  



Carapace Length in MM 
Wintw 1985-1 986 + Summer 1985 

Figure 10. Weight of male red king crab by 1-mrn carapace length increments 
for Norton Sound. 



. . . I " "  

Carapace Length (mm 
V/I Juveniles fS$ Adults 

F i g u r e  1 1 .  H i s t o g r a m s  o f  c a r a p a c e  l e n g t h s  o f  f e m a l e  r e d  k i n g  c r a b  c a p t u r e d  
d u r i n g  t h e  p o p u l a t i o n  a s s e s s m e n t  s u r v e y  i n  N o r t o n  Sound ,  July  
1 985. 



Carapace Length (mm) 

Figure 12. Probi t f i t  f o r  percentage adu l t  female king crab a t  each 1-mm cara- 
pace length increment f o r  1985 Norton Sound survey data .  



Figure 13.  Growth i n  carapace l eng th  f o r  tagged male red king c rab  recpatured 
a f t e r  a sing1 e molt ing per iod  i n  Norton Sound, 1980 through 1986. 



APPENDICES 



A p p e n d i x  T a b l e  1. C a t c h  i n  n u m b e r s  o f  l e g a l  m a l e  r e d  k i n g  c r a b  p e r  s t a t i o n  
f rom ADF&G p o p u l a t i o n  a s s e s s m e n t  s u r v e y s  i n  N o r t o n  S o u n d ,  
1 9 8 0 - 1 9 8 2 .  A b l a n k  i n d i c a t e s  t h a t  t h e  s t a t i o n  was  n o t  
f i s h e d  a n d  a  z e r o  i n d i c a t e s  t h a t  i t  was  f i s h e d  b u t  c a t c h  
was z e r o l .  

................................................................ 
Catch of Legal Male Red King Crab .................................... 

Me an 2 
S t a t i o n  1980 1 9 8 1  1 9 8 2  (80-82)  STD ............................................................... 



Appendix Table 1 .  Catch i n  numbers of l e g a l  male red king c rab  per  s t a t i o n  
from ADF&G populat ion assessment surveys in  Norton Sound, 
1980-1982. A blank i n d i c a t e s  t h a t  t h e  s t a t i o n  was not  
f i shed  and a  ze ro  i n d i c a t e s  t h a t  i t  was f i s h e d  but  ca t ch  
was zero1 ( con t inued) .  

................................................................ 
C a t c h  of Legal Male Red King Crab .................................... 

Mean 2 
S t a t i o n  1980 19 81 1982 (80-82) STD ............................................................... 

56 0 97 19 2 8 48.8 42.7 
56 1 16 1 3 4 3 0 75.0 74.5 
56 2 56 19 37.5 26.2 
56 3 113 7 60.0 7 5.0 
56 4 9 2 92.0 
57 4 0 0.0 
57 5 9 26 46 27.0 18.5 
57 6 3 1 13 5 0 31.3 18.5 
577 16 33 24.5 12.0 
57 8 4 4 7 6 1 37.3 27.6 
579 2 0 5 2 36.0 22.6 
5 92 1 1.0 
5 94 18 2 9 19.5 13.4 
5 95 7 0 7 38.5 44.5 
5 96 43 9 3 7 29.7 18 -1 
5 97 3 3.0 
605 17 17.0 
6 07 13 13.0 
608 26 26.0 
618 7 9 2 1 17 39.0 34.7 
6 27 20 8 14.0 8.5 
6 28 3 3.0 
6 37 46 15 30.5 21.9 
6 3 8 0 0 .0 
6 46 4 8 9 28.5 27.6 
6 47 3 3.0 
6 56 13 13.0 
6 57 41 4 8 44.5 4.9 
666 6 5 5.5 0.7 
667 4 7 8 27.5 27.6 
67 8 7 7.0 
6 86 1 1.0 
6 87 4 4.0 
688 8 8.0 
6 95 0 0.0 
6 96 5 9 2 6 42.5 23.3 
6 97 5 5.0 
7 05 6 8 5 4 61.0 9.9 
720 2 2.0 
7 28 1 1.0 
72 9 3 3.0 
7 37 3 3.0 
738 4 4.0 ___ ................................................... 

T o t a l  C a t c h  4019 3293 1933 3817.2 1058.9 
S t a t i o n s  102 3 9 7 3 7 0 ............................................................... 
' source = Uorksheet CTCHBYST-WK1 1980 and 1981 from Powell 

e t  a1 . 1983. 1982 from ADF&G 1982. 

2~~~ = Standard dev ia t ion .  I f  a  s t a t i o n  was f i shed  only one 
yea r ,  c a l c u l a t i o n  of a  STD i s  not  poss ib l e .  



Appendix T a b l e  2. The number of p o t s  f i s h e d  a t  each s t a t i o n  f o r  ADF&G popula- 
t i o n  a s s e s s m e n t  s u r v e y s  conducted i n  Norton Sound, 1980- 
19821 . 

........................................................................... 
Number of P o t s  F i s h e d  Number of P o t s  F i shed  ........................ ........................ 

S t a t i o n  1980 19 81 1982 S t a t i o n  1980 19 81 1982 .......................................................................... 
322 10 5 41 10 10 9 
3 23 10 542 10 10 
354 9 5 43 10 9 
3 55 10 544 10 
3 86 10 545 9 
3 91 10 557 10 10 
3 92 10 55 8 10 10 10 
413 10 559 10 10 
41 4 10 56 0 10 10 10 
415 10 561 9 10 10 
4 16 10 56 2 10 10 
41 8 13 563 10 10 
420 10 56 4 10 
421 10 57 4 10 
43 9 10 57 5 10 10 10 
440 10 10 57 6 10 9 10 
441 10 10 57 7 10 10 
442 10 57 8 10 10 10 
443 10 10 9 57 9 10 10 
444 13 10 10 5 92 10 
447 9 5 94 10 10 
46 4 10 10 5 95 10 9 
46 5 10 10 10 596 10 10 10 
466 10 10 5 97 9 
467 10 10 10 605 10 
46 8 10 10 10 6 07 10 
46 9 13 8 9 608 10 
470 9 618 10 10 10 
4 80 10 6 27 10 10 
4 81 10 628 9 
4 95 10 10 6 37 10 10 
4 96 10 10 10 638 10 
497 10 9 10 6 46 10 10 
498 10 10 10 6 47 10 
499 10 10 10 6 56 10 
500 9 10 10 6 57 10 10 
501 10 666 9 9 
502 10 667 10 10 
503 10 678 10 
5 16 10 6 86 9 
517 10 10 6 87 10 
51 8 1 GI 9 688 10 
519 10 10 10 6 95 10 
520 10 10 9 6 96 10 10 
521 10 10 10 6 97 9 
522 10 10 10 705 10 10 
523 9 7 20 9 
537 10 10 72 8 10 
53 8 10 10 10 7 29 10 
53 9 10 10 10 737 10 
540 10 10 10 738 10 .......................................................................... 

T o t a l  Number of P o t s  3 97 718 6 89 
T o t a l  Number of S t a t i o n s  182 3 9 7 3 7 8 .......................................................................... 

' source  = Worksheet CTCHBYST.WK1 1980 and 1981 d a t a  from Powell e t  
a1 . 1983 and 1982 d a t a  from ADF&G 1982. 



Appendix Table 3. Location of the  s t a t i ons  considered f o r  sampling during 1985 Norton Sound red king crab 
population assessment survey. 

Iamn~acaticn r . a t i s W  
Stab stat Pri- 
ialh hhk E;r9 E=19 WE& Area crity 

6 6 6 4 0 2  

6 6 6 4 0 2  H i g h  

6 6 6 4 0 2  H i g h  

6 6 6 4 0 1  

6 6 6 4 0 1  H i g h  

6 6 6 3 3 0  H i g h  

6 6 6 3 3 0  

6 6 6 3 3 0  

6 6 6 4 0 2  H i g h  

6 6 6 4 0 2  H l g h  

6 6 6 4 0 1  H i g h  

6 6 6 4 0 1  H i g h  

6 6 6 4 0 1  H i g h  

6 6 6 3 3 0  H i g h  

6 6 6 3 3 0  

6 6 6 4 0 2  H i g h  

6 6 6 4 0 2  High  

6 6 6 4 0 2  High  

6 6 6 4 0 1  High  

6 6 6 4 0 1  H l g h  

6 6 6 3 3 0  High  

6 6 6 3 3 0  

6 6 6 3 3 0  

6 5 6 4 0 2  l l l g h  

6 5 6 4 0 2  l l l g h  



Appendix Table  3. L o c a t i o n  o f  t h e  s t a t i o n s  cons idered  f o r  sampl ing d u r i n g  1985 Nor ton Sound r e d  k i n g  c rab  
p o p u l a t i o n  assessment survey ( con t i nued ) .  

Iaran Lrxaticn L a t i w W  
Stak stat Pri 
icn M. W s t  E k t  Eatit hk& Arm Crity 

5 7 9  X 1 8 0 3 2 . 0 7  Y 29929.35 Z 47274.36  X 1 8 0 2 7 . 1 8  Y 2 9 9 2 8 . 5 2  Z 4 7 2 8 6 . 7 8  6 3 ' 5 7 ' / 1 6 5 " 1 8 '  6 3 ' 5 7 ' / 1 6 5 " 2 2 '  6 5 6 3 3 0  High 

594 X 1 8 0 1 2 . 5 6  Y 2 9 7 6 7 . 4 7  Z 4 7 2 1 5 . 1 0  X 1 8 0 0 7 . 7 6  Y 29765.34  Z 4 7 2 2 7 . 2 1  6 4 ° 1 2 0 / 1 6 5 0 0 7 '  6 4 6 1 2 ' / 1 6 5 0 1 1 '  6 5 6 4 0 1  High 

5 9 5  X 1 8 0 2 5 . 6 1  Y 2 9 8 3 2 . 8 4  2 47224.97  X 1 8 0 2 0 . 8 1  Y 29831.13  Z 47237.23  6 4 " 0 6 ' / 1 6 5 ° 0 7 '  6 4 ° 0 6 ' / 1 6 5 0 1 1 '  6 5 6 4 0 1  High 

596 X 1 8 0 3 8 . 7 4  Y 2 9 8 9 8 . 9 4  Z 4 7 2 3 5 . 0 0  X 1 8 0 3 3 . 9 5  Y 2 9 8 9 7 . 6 1  2 4 7 2 4 7 . 4 1  6 4 ° 0 0 ' / 1 6 5 0 0 7 '  6 4 ° 0 0 ' / 1 6 5 0 1 1 '  6 5 6 4 0 1  Hlgh 

6 3 6 4 0 1  High 

6 3 6 4 0 1  Nlgh 

6 3 6 4 0 1  Hlgh 

6 3 6 4 0 1  

6 3 6 4 0 1  

6 3 6 4 0 1  

6 3 6 4 0 1  

6 3 6 4 0 1  High 

6 3 6 4 0 1  

6 2 6 4 0 1  Hlgh 



Appendix Table  3. L o c a t i o n  of t h e  s t a t i o n s  cons idered  f o r  sampl ing d u r i n g  1985 Nor ton  Sound r e d  k i n g  c rab  
p o p u l a t i o n  assessment survey ( con t i nued )  . 

Lcrm Irxaticn wbd?,kqiw 
slat=- Stat: Pri- 
icn Na m& lkt lkt WJ& Prea arity 

High  

High 

High 

High 

High 

High 

High 

High 

High 

High 

High 

High 

High 

High 

High 

High 

High 

High 

High 

High 

High 

tl lgh 



Appendix Table 4. Catch i n  numbers of male red king crab y s t a t i o n  from the  
1985 ADF&G population assessment survey i n  Norton Sound. 
Catches a r e  standardized t o  a 24-hour soak period1 . 

_______--------------------------------------------------------------------*------- 
F r  e c r e c r u l t s  ( S u b l e g a l  l L e g a l  3 T o c a l  

Number ....................... ........................... l iai e 
S t a c l o n  of  ? o c s  P r e - o n e s  O n e s  T o t a l  R e c r u ~ c s  P . A e c r u l t s  T o t a l  Crab  ................................................................................... 

4 3 9  1 0  2 0 8  6 2  270 27  36 6  3  3 3  3  
440 8  1 3 4  4 8  1 8 2  20  4  2  6  2  2  4 4  
4 4 1  9  6  3  9  2  4  6  1 5  
4  42 1 0  2  5  7  3  2  5  1 2  
443 1 0  2  0  2  0  0  0  2 
444 1 0  0  0  0  0  0  0  0  
46 4  1 0  2 2 3  89  3 1 2  3 7  4  2  7  9  3  $1 
465 8  1 2 3  8 2  205 4  8  4  9  97 3 0 2  
466 1 0  1 4  7  2 1  1 5  2  2  37 5  8 
467 1 0  0  2  2  2  2  4  6  
46 8 1 0  2  2  4  8  2 2  6  
46 9  1 0  0  0  0  0  1 1 1 
495 1 0  1 1 3  1 0 2  2 1 5  5  5  6  4  11 9  3 3  4  
4  96 1 0  220 96 316 3  5  4 1  76 3  92 
497 1 0  1 3 6  1 2 2  2 5 8  47  4  8  95  3  53  
4 9 8  1 D  36 7 5  111 8 8  1 2 1  2 0 9  3 2 8  
4 9 9  1 0  4  6  1 0  8  4  2  5  0  6  0  
5 0 0  1 0  0 0  0  1 1 2  2  
517 1 0  3 2  3 7  6 9  2  0  1 3  3 3  1 0 2  
5 1 8  1 U 1 2 9  7 3  2 0 2  3  8  4  5 83 2 8 5  
5 1 9  1 0  1 2 2  1 0 6  2 2 8  5  3  6  0  1 1 3  3 4 1  
5 2 0  1 0  2 4 1  2 2 8  469 7  6  97 1 7  3  6 4 2  
5 2 1  1 0  20 4 9  6  9  5  8  1 0 1  1 5 9  2 2  8  
5 2 2  1 0  0  1 1 6  9  1 5  1 6  
5 2 3  1 0  1 0  1 0  3  3  4  
5  37 1 0  1 3 4  1 8 1  2 3 5  6 7  87 1 5 4  3 8 9  
5 3 8  1 0  11 2 2  3 3  4  1 3  1 7  5  0  
53  9  1 0  29  6 0  8 9  23 3 0  53  1 4 2  
54& 1 0  3 3  6 6  9  9  4  6  5  8  1 0 4  2 0 3  
5 4 1  1 0  85  1 6 3  2 4 8  8  4  7 9  1 6 3  4 1 1  
5 4 2  1 0  1 4  4 1  5 5  5  1 e s 1 4 8  1 9 5  
5 4 3  1 0  1 5  6  8  i 5 23 2  9  
5 4 4  1 0  1 3  4  3  2  5  9 
5 5 7  9  47 6 6  1 1 3  37 5 4  9 1  20  4  
5 5 8  1 0  5  8  1 3  0  3  3  1 6  
5 5  9  1 0  2 5  1 6  4  1 2 1  1 2  3 3  7  4 
56 L1 1 0  3 0  3 6  6 6  1 8  2  8  4  6  1 1 2  
56 1 1 0  1 4  3 9  5  3  1 4  22  3 6  8  9  
56 2  1 0  23  5 4  7 7  5  6  56 11 2  1 8 9  
5 6 3  1 0  2  6  8  1 0  32 42  5  0  
5 6  4  1 0  0  1 1 9  8  1 7  1 b 
57 4  1 0  1 8 2  2 6 0  442 1 7  2 1 6 6  3 3 8  788 
57  5 1 0  1 8  2 8  46 1 6  4 0  5 6  l E 2  
576 1 0  1 5  2 5  4  0  1 3  1 9  3  2  7  2 
5 7 7  1 0  6  1 2  1 8  11 1 7  2  8  46 
57 8 1 0  5  9  1 4  1 3  1 7  3  0  4  4 
57 9  1 0  6  4 1  4  7  3  7  3  9 7 6  1 1 3  
5  80 9 1 3 0  3 1  26 46 7  2  1 0 3  
5  92 1 0  2 1 2  2 2 7  4 3 9  1 1 9  1 5 5  27 4  7  1 3  
5 9 3  1 0  1 3 4  2  3  5 9  
5  94 9  22  1 9  4 1  8  1 5  23 6 4 
5 9 5  1 0  7  1 7  2  4  2 1  2  8  4  9  7  3  
5  96 1 0  1 8  3 2  5  0  3 9  4 8  87 1 3 7  
6 0 8  1 0  2  1 7  1 9  1 6  3 5  5 1  7  8 
6 0 9  1 0  4  2 8  3 2  1 7  2  7  4  4  7 6  
6 1 8  1 0  7 1 3  20 1 4  4  0  5  4  7 4 
6  27  1 0  24 1 6  4  0  23 4  3  66 1 0 6  
6 3 7  1 0  26 3 1  57 2 1  5  6  77 1 3  4  
6  46 1 0  1 4  2 7  4  1 4  0  4  3  83 l i 4  
6  56 1 0  54 1 0 5  1 5 9  7  1 i 4  1 4 5  3 0 4  
6 5 7  1 0  3 1  3 9  7 0  2  9  5  1 8 0  1 5 J  
6 6 6  1 0  56 40 96 5  2  5  3 1 0 5  2 2 1  
6 6 7  1 0  3 0  3 4  6  4 6  0  5  3  1:3 

1-7  - 1  i 

6  96  1 0  7 2  1 0 4  176 8  6 1 2 3  203 3 7 5  
7  05 1 0  7  5 i 2 1 3  i 6  2 9 4 i ................................................................................... 

7s:al  6 5  6  42 3 0 4 2  3 0 4 4  6086 2003 26 42 4645 l C l ? i  ................................................................................... 

'source = R01-600K OF 1/27/86 . . 

'sublegal o r  Prerecrui  t s  = male crab < 121 mm (4.75 i n )  i n  
carapace length.  Ones = Sublegals > 90 mm in carapace length.  

CI 

Pre-ones = Sublegals < 90 mrn i n  carapace length 

' ~ e ~ a l  - Male crab > 121 mn (4.75 i n )  in  carapace length 
Recruits  = Legals with new s h e l l s  < 115 mm in  carapace length.  
Post-recrui  t s  = Legals > 115 mm i n  carapace length and a l l  old 
and very old she1 1s .  



Appendix Table 5. Catch i n  numbers of female red king crab by s ta t ion  from 
the 1985 ADF&G population assessment survey in  Norton , Sound. Catches are  standardized t o  a 24-hour soak period . 

........................................................... 
: l ~ T = e :  

~ t a r z o n  oi ?c:s J c v e r l r l e  ~ a u l t l  To:al ........................................................... 
5 2  9  1 0  7  1 a 
440  a o 0  a 
4 4 1  9  o a a 
4 4 2  1 0  0  0  3 
4 4 3  1 0  0  0  0  
4 4 4  1 0  0  0  0  
46 4  1 0  1 6  7  
46 5 8 0  0 0  
4 6 6  1 0  2 0  2 
4 6 7  1 0  0  0 0  
46 8  1 0  0 0  0 
46 9  1 0  0  a 0  
495  1 0  11 4 1 5  
4  96 1 0  9  11 20 
4 9 7  1 0  0  2 2 
4 9  8  1 0  0  0 0  
4 9 9  l a  0  0  o 
5 0 0  1 0  0  0  0  
5  1 7  1 0  1 0  1 
s1  a 1 0  o 9 9  
5 1 9  1 0  0  8 8 
5 2 0  1 0  0  4  4 
5 2 1  1 0  0  0  0  
5 2 2  1 0  0  0  0  
5 2 3  1 0  0  0  0  
5 3 7  1 0  0  5  5 
5 3 8  1 0  0  0  0  
5 3  9  1 0  2 2 4  
5  40 1 0  0  2  2 
5  4 1  1 0  o 0  a 
5 4 2  1 0  0  0  0  
5  4 3  1 0  0  3 3 
5  44 1 0  0  0  3 
5  5 7  9  0  5 3 

5 5 8  1 0  0  0  3 
5 5 9  1 0  0  0  a 
5 6 0  1 0  0  1 1 
56 1 1 0  0  0  a 
5 6  2 1 0  0  0  a 
5 6 3  1 0  0  0 3 
5 6  4  1 0  0  0  0  
57  4  1 0  4  1 3  1 7  
5 7  5 1 0  0  1 1 
5 7 6  1 0  0  2  2  
5 7 7  1 0  0  0  0  
5 7  a 1 0  0  0  0  
5 7  9 1 0  0  3  3 
5  60 9  0  0  0  
5  9 2  1 0  1 3 4 
5  93  10 0  a a 
5 94 9  a 0  a 
5  9 5  1 0  0  0  0  
5  06 1 0  3 2  2 
6  0  8  10  0  0  a 
6 4 9  1 0  a 0  a 
6 1 8  10 o a 3 
6  27  1 a a J J 
6  37 1 3  3 1 1 
6  46 1 0 a 1 1 
6  56 13 3 1 4  1 4  
6  57 i 3  1 6 7 
666  13 3 7  7 
6  6 7 1 J  3 1 1 
6  96 l a  L 20 2 1  
7 3 5  1 3  0 3 J  ...................................................... 

~0121 6 5 6 4 2  4  o 14: I a 1  ...................................................... 

'source = RO1-60FK of 6/5/86 

'~uveni les  were defined as small females 
without eggs and adults as those with eggs 
or  of an extremely large s ize  ( >  85 mm in 
carapace length) .  



Append i x  Table  6 .  Catch i n  numbers of b lue  king c rab  from the 1985 ADF&G 
populat ion assessment survey i n  Norton Sound. Catches 
a r e  s tandard ized  t o  a 24-hour soak period1 . 

....................................................... 
Number of B l u e  King Crab 

2 Number ......................... 
S t a t i o n  of Pots  Females Ma1 e s T o t a l  ....................................................... 

43 9 1 0  1 3  11 24 
440 8 6 6 1 2  
441  9 1 2 3 
442 1 0  3 0 3 
443 1 0  5 2 7 
466 1 0  0 2 2 
46 8 1 0  2 0 2 
46 9 1 0  1 0 1 
499 1 0  0 1 1 ....................................................... 

T o t a l  9 87 3 1  24 55 ....................................................... 
1 SoQrce, = RO1-60FK o f  6/5/86 

'only s t a t i o n s  w i th  ca t ches  of b lue  king c r a b  a r e  l i s t e d .  



Appendix Table 7 .  Incidental  catch in numbers of crab and f i n f i s h  from the 
1985 ADF&G population assessment survey in  Norton Sound. 
Catches a r e  unstandardizedl. 

................................................................ 
!:umber Tanner  Ye l low S t a r r y  S a f f r o n  

S t a t i o n  of P o t s  Crao F i n  S o l e  F l o u n d e r  Cod ................................................................ 
43 9 1 0  0  0  0  e 
440 8  0  0  2  0  
441  9  1 6  1 5  0  
442 1 0  4  0  3  0  
443 1 0  4  2 0  0  
444 1 0  1 4  1 0  0  
46 4  1 0  0  0  0 0  
46 5  8  0  0 1 0  
466 1 0  1 2  0  9  0  
467 1 0  23 1 5  0  
46 8  1 0  7  0  1 0 
46 9  1 0  11 1 1 0  
495 1 0  0  0  0  0  
496 1 0  9  0  1 0  
4 97 1 0  1 0  7  0  
498  1 0  0  0  1 3  I) 
499  1 0  1 0  4  0  
500 1 0  2  2 2 0  
5 1 7  1 0  2 0  I) 7  
5 1  8  1 0  0 0  2 0 
519  1 0  0  0  5  0  
520 1 0  0  0  3  0  
5 2 1  1 0  0  0  3  0  
522 1 0  0  0 8 0  
523  1 0  3  0  1 0  
5 3 7  1 0  0  0  .1 0  
538  1 0  0  0  2  3 
53  9  1 0  0  0  0  0  
540  1 0  0  3  11 0  
5 4 1  1 0  0 0  2 7  0  
542  1 0  0  0  40 0  
543  1 0  1 1 5  5  0  
544 1 0  1 1 2  1 0  
557  9  0  1 0  0  
5 5 8  1 0  11 0  0  2 
559  1 0  2 3 8  0  
560 1 0  0  3  3  4  0  
56 1 1 0  0  3  3  1 1 
56 2 1 5  0  0  2  2 0  
5 6 3  1 0  0  0  3  6  0  
56 4  1 0  0  0  3  5 0  
57 4  1 0  0  0  0  0  
57 5  1 0  1 0  0  1 
576 1 0  0  0  0  0  
577 1 0  1 17  2 0  
57 8  1 0  0  5  3  0  0  
57 9  1 0  0  0  20 0  
580 9  0  0  33 0  
592  1 0  1 0  0  0  
5 9 3  1 0  0  1 1 0  
594  9  0  0  1 2  0 
5  95 1 0  0  0  2  2  0 
5  96 1 0  0  2  1 5  0  
6 0 8  1 0  9  7  3 1  0  
6 0 9  1 0  0  0  1 4  0  
6 1 8  1 0  7  1 1 2  0  
6  27 1 0  2 3  4  1 9  0  
6  37 10  5  0  1 3  0 
6  46 1s 1 5  0  1 9  0 
6  56 10  1 1 5  0 
6  57 10  1 5  1 1 0  
666 10  2  1 4  0  
667 1 0  1 1 10  0 
6  96 10  1 L 0  1 
7 0 5  10 e 1 0  0  ................................................................ 

T o t a i  6  5  6  42 206 67 662  1 5  ................................................................ 

' ~ a n n e r  crab a r e  c. opilio. In addit ion catches of 
ha i r  crab,  hermit crab, great  sculpin ,  wolf f i s h ,  
sea b r i t t l e ,  and basket s t a r s ,  tun ica tes ,  and sea 
urchins were made. 



Appendix Table 8. Carapace length measurements ( in  m m )  of male red king crab 
captured duri ng the 1985 ADF& G population assessment survey 
in Norton ~ o u n d l .  Carapace lengths have been categorized by 
shell condition and s ize .  

................................................................................ 
t :mber  s o f  S ~ b l e g a l  s 2  Number of L e g a l s  ...................... .......................... 

C a r a p a c e  New C l d  New O l d  V e r y O l d  T o t a l  F e r c e n t  
Lengch(mrn1 S h e l l  S h e l l  T o t a l  S h e l l  S h e l l  S h e l l  T o t a l  Male L e g a l  ................................................................................ 

a - 44 0  0  0  0  o a 0  0  c 
45 - 46 o 0  0  a o 0  0  0 o 
47 - 4 8  1 0  1 0  0  0  0 1 0 
49 - 58 1 0  1 0  0  0  0  1 0  
5 1  - 52 3  0  3  0  0  0  0  3  a 
53  - 54 9  0  9  0 0  0 0 9  0 
5 5  - 56 8  0  8  0 0  0  0  8 0  
57 - 5 8  23 0  2  3  0  0  0  0  2  3  0  
5 9  - 60 2  0  0  20 0  0  0  0  20 0  
6 1  - 6 2  4  9  0  4  9  0  0  0  0  4 9  0  
6 3  - 6 4  6  3  0  6  3  0  0  0  0  6  3 0  
6 5  - 66 82 0  8  2  0  0  0  0  82 0  
67 - 68  97 0  9  7  0  0  0  0  9  7  0  
6 9  - 70 1 3 0  0 1 3 0  0  0  0  0  1 3 0  0  
7 1  - 72 229  0  2 2 9  0  0  0 0 229  0  
7 3  - 7 4  223 0  223 0  0  0  0 223 0  
7 5  - 76 2 5 1  0  2 5 1  0  0  0  0  251  0  
77 - 7 8  2  85 0  285 0  0  0  0  2  85 0  
7 9  - 80 23 2  0  232 0  0  0  0 23 2  a 
8 1  - 82 265  0  265 0 0  0  0  265 0  
83 - 84 27 6  0 276 0  0  0  0  27 6  0  
85  - 86 292 0  292 0 0  0  0  2  92 0 
87 - 88 340  0  340 0  0 0  0 3  40 0  
89 - 90 36 2  0  3 6 2  0  0  0  0  3 6 2  0  
9 1  - 92 453 0  453 0  0  0  0  453 0 
93  - 94 47 2  0  472  0  0  0  0  47 2  0  
95 - 96 4  96 0  496 0  0 0  0  4  96 0  
97 - 98 492 7 499 4  0  0  4  503  1 
9 9  -100 37 5  1 8  393  2  2  3  a 2  5  418 6  

1 0 1  -102 3  07 8 3 1 5  1 0 1  7  0  1 0 8  423 2  6  
1 0 3  -104 1 3 6  16  1 5 2  222 1 8  0  240 392  6  1 
1 0 5  -106 49 9  5  8  245 5  8  0 383  3 6 1  8  4  
1 0 7  -108 8  0  8  294 6  5  1 360 368 9  8  
1 0 9  -110 4  1 5  308  6  8  0  376 3  8 1  9 9  
111 -112 0  0  0  332 7  2  1 405 405 1 0 0  
1 1 3  -114 0  0  0  315 66 0 3 8 1  3 8 1  1 0 0  
1 1 5  -116 0  0  0  334 6  5  1 400 400 1 0 0  
1 1 7  -118 0  0  0  3  49 52  2  403 403 100 
1 1 9  -120 0  0  0  333  36 0  369 369 1 0 0  
1 2 1  -122 0  0  0  293 40 1 334 334 100  
1 2 3  -124 0  0  0 241  1 2  0  253 253 100  
1 2 5  -126 0  0  0  1 9 3  1 4  1 208 208  100  
1 2 7  -128 D 0  0 147  4  0  1 5 1  1 5 1  1 0 0  
1 2 9  -130 0  0  0  93 5  0  9  8  98  100  
1 3 1  -132 0  0  0  6  1 6  0  6  7  67 1 8 0  
1 3 3  -134 0 0  0  5  5  4  0 5  9  5 9  100  
1 3 5  -136 0  0  0  3  8  2  1 41 41 100  
1 3 7  -138 0  0  0 2  1 1 0 2  2  22 100 
1 3 9  -140 0  0  0  6  0  3  6  6  100  
1 4 1  -142 0  0  0  7  0  3  7  7  100  
1 4 3  -144 0  0  0  5  0  0 5 5  100  
1 4 5  -146 0  0 0  3  0  3  3  3 100 
1 4 7  -148 0  0  0  0  0  0 0 0 0  
1 4 9  -150 0  0  0  3  0  3 3  3 100  
1 5 1  -152 0  0  0  0  0 3 0  0 0  
1 5 3  -154 0  0  0  0  a a 0  0  0  
1 5 5  -156 a 0  0  0  a J 0  Q 0  
1 5 7  -158 0  0  0  0  3  0 3 0 0  
1 5 9  -160 a 0  0  0  a 1 1 1 0 0  1 

1 6 1  -162 0  0  3 0  1 3  1 1 100  
1 6 3  -164 0  0  0 3  3  3 0 0 0  
1 6 5  -166 3  a 0  B 0 o 0 0 o 
167  -168 0  0  0  1 3  J 1 1 1 3 0  
1 6 9  -170 0  0  0 0 0 3 3  0  0  
17: -172 0  a 0 o a 3 0  0  a 
1 7 3  -174 0  a 0  a 0  3  o 0  a 
1 7 5  -176 0 3  a a 1 a 1 1 1 0 0  ................................................................................. 
T o t a l  6  , a 3 3  59 6 , 3 9 2  4 , 3 2 6  6 0 1  3 4 , 6 3 5  1 0 , 7 2 7  ................................................................................. 

'standardized for  24-hour soak, represents crab measured and 
not survey f ina l .  Source = R01-5000, RKCMLENF.WK1 worksheet. 

0 
L No very old shell sublegals were caught. 



Appendix Tab1 e 9. Percentage l ega l  male king crab f o r  carapace lengths 95 t o  
11 2 mm,  Norton Sound, 1985' . 

---- - 

Percent L e g a l  i n  
Carapace ........................ 

L e n g t h  (mm) 1980 1 9 8 1  1985  ..................................................... 
95 0  .1 0.0 0.0 
96 0 .3  0  -0 0 . 1  
97 1 .2  0  -0  0 .3  
9 8  3 0 7  0.1 1 . 0  
99  9.5 0.5 2.8 

1 0 0  20.1 2.4 6.8 
1 0 1  35.8 8.7 14.3 
1 0 2  54 .4 22.9 25 .8  
1 0 3  72 .1  44 .9 41.0 
1 0 4  85 .6 6 8  -6 57 - 7  
1 0 5  93.8 86.4 73.0 
1 0 6  97.8 95 .7 84.9 
1 0 7  99 -4  99.0 92.7 
1 0 8  99.8 99.8 97.0 
1 0 9  100.0 1 0 0  -0  98.9 
1 1 0  100.0 100  .0 99 07 
111 100.0 100.0 99.9 
1 1 2  100.0 100.0 100.0 

' ~ e ~ a l  crab a r e  males of a t  l e a s t  121 mn (4.75 i n )  i n  carapace 
width . 

' ~ e s u l  ts of probi t ana ly s i s  d id  not suggest pooling data .  



Appendix Table 10. Carapace length measurements ( i n  m m )  categorized by percent 
ovigeri  t y  of female red king crab captured during the  1985 
ADF&G population assessment survey in  Norton sound'. 

Number of  A d u l t  F e m a l e s  By 
R e l a t i v e  S i z e  o f  Egg C l u t c h  ( i n  P e r c e n t )  

C a r a p a c e  Number of ........................................ T o t a l  
L e n g t h  (rnm) J u v e n i l e s  9 0 60-89 30-59 1-29 0 T o t a l  F e m a l e s  .............................................................................. 

0 - 50 4 0 0 0 0 0 0 4 
5 1  - 5 2  1 0 0 0 0 0 0 1 
53 - 5 4  2 0 0 0 0 0 0 2 
5 5  - 5 6  2 0 0 0 0 0 0 2 
57 - 5 8  2 0 0 0 0 0 0 2 
5 9  - 6 0  2 0 0 0 0 0 0 2 
6 1  - 6 2  3 0 0 0 0 0 0 3 
6 3  - 6 4  8 0 0 0 0 0 0 8 
6 5  - 6 6  7 0 0 0 0 0 0 7 
6 7  - 6 8  5 0 5 0 0 0 5 1 0  

7 3  - 7 4  1 7 0 B 0 0 7 8 
7 5  - 7 6  0 1 0  4 3 0 0 1 7  1 7  
7 7  - 7 8  0 7 8 0 0 0 1 4  1 4  
7 9  - 80  0 9 4 0 0 0 1 3  1 3  
8 1  - 8 2  0 5 1 1 0 0 8 8 
83 - 84 0 9 7 0 0 0 1 6  1 6  
85  - 86 0 1 -4 1 0 0 0 1 5  1 5  
87 - 8 8  0 5 0 0 0 1 6 6 
8 9  - 90  0 6 1 0 0 0 7 7 
9 1  - 92  0 0 1 0 0 0 1 1 
93  - 9 4  0 0 0 0 0 1 1 1 
95 - 96  0 3 0 0 0 0 3 3 
97 - 9 8  0 3 1 0 0 0 4 4 
99 -100 0 1 0 0 0 0 1 1 

1 0 1  -102 0 0 0 0 0 0 0 0 
1 0 3  -104 0 1 0 0 0 0 1 1 
1 0 5  -106 0 0 0 0 0 0 0 0 
1 0 7  -108 0 0 0 0 0 0 0 0 
1 0 9  -110 0 0 0 0 0 2 2 2 
111 -112 0 0 0 0 0 0 0 0 
1 1 3  -114 0 0 0 0 0 0 0 0 
1 1 5  -116 0 0 0 0 0 1 1 1 

.............................................................................. 
T o t a l  3 9 8 7 42 4 1 6 1 4 0  1 7  9 
.............................................................................. 

'catches a r e  standardized t o  a 24-hour soak but due t o  rounding d i f f e r  from 
Appendix Table 5. Source = RO1-50FK, RKCFLENF-WK1 worksheet. 



Appendix Tab le  11 .  Carapace  l e n g t h  measurements  ( i n  mm) o f  b l u e  k ing  c r a b  
c a p t u r e d  d u r i n g  the 1985 ADF&G p o p u l a t i o n  a s s e s s m e n t  
s u r v e y  i n  Norton sound1 . 

....................................................... 
Number o f  B l u e  King C r a b  

C a r a p a c e  ............................. 
L e n g t h  (mm)  F e m a l e  Ma1 e T o t a l  ....................................................... 

8 9  - 90 3 3 6 
9 1  - 92  3 0 3 
9 3  - 94 0 0 0 
95  - 96 0 1 1 
97 - 9 8  1 1 2 
9 9  -100 4 1 5 

1 0 1  -102 4 1 5 
1 0 3  -104 5 1 6 
1 0 5  -106 1 1 2 
1 0 7  -108  1 3 4 
1 0 9  -110 0 0 0 
111 -112 1 1 2 
1 1 3  -114 3 3 6 
1 1 5  -116 3 1 4 
1 1 7  -118 0 0 0 
1 1 9  -120 0 0 0 
1 2 1  -122 1 1 2 
1 2 3  -124 0 1 1 
1 2 5  -126 0 1 1 
1 2 7  -128 0 1 1 
1 2 9  -130 0 0 0 
1 3 1  -132 0 0 0 
1 3 3  -134 0 0 0 
1 3 5  -136 0 0 0 
1 3 7  -138 0 0 0 
1 3  9 -140 0 1 1 ....................................................... 
T o t a l  3 0  22  52  

- - -- - - - - - - - - - - - 

' s t a n d a r d i z e d  f o r  24-hour s o a k ,  any d i f f e r e n c e  w i t h  Appendix Tab1 e 
6 i s  due t o  round ing .  S o u r c e  = RO1-50FK and Rol-500, BKCLENFR.\&IKl 
workshee t .  



ndix  T a b l e  1 2 .  Carapace  w i d t h  measurements ( i n  mm) of Tanner  c r a b  ( c .  opilio) 
c a p t u r e d  d u r i n g  t h e  1985 ADF&G p o p u l a t i o n  a s s e s s m e n t  s u r v e y  i n  
Norton Sound1 . 

...................................................... 
Number o f  Tanner Crab 

C a r a p a c e  .............................. 
L e n g t h  (mm) Female  Male T o t a l  ..................................................... 

80 1 1 
8 1  0 
82 0 
83 0 
8 4 2 2 
85 2 2 
86 2 2 ..................................................... 

T o t a l  5 4 1 6  1 2 1  5 ..................................................... 
' N O ~  s t a n d a r d i z e d  f o r  a  24-hour soak ,  a c t u a l  

c a t c h .  Source  = TCLENFR.WK1 workshee t .  



Becaure the Alaaka Department of Firh and Game receives federal funding, all of itr 
public program and activities are operated free from discrimination on the barir of race, 
religion, color, national origin, age, sex, or handicap. Any perron who believes he or rhe 
haa been discriminated againrt rhould write to: 

O.E.O. 
U.S. Department of the Interior 
Waahington, D.C. 20240 
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