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INTRODUCTION 

Th i s  r e p o r t  summarizes a shrimp workshop h e l d  i n  Anchorage a t  t h e  r e g i o n a l  o f f i c e  
of  A laska Department o f  F i s h  and Game (ADF&G) d u r i n g  October 24-26, 1988. The 
o b j e c t i v e s  of t h e  meet ing were t o :  (1 )  p rov ide  a forum, f o r  ADF&G s t a f f  
d i scuss ions  on shrimp b i o l o g y  and 1 i f e  h i s t o r y ,  key management issues,  and 
d i r e c t i o n  o f  t h e  s t a t e ' s  mon i t o r i ng  and management programs f o r  shrimp; 
( 2 )  inc rease  s t a f f '  s l e v e l  o f  e x p e r t i s e  i n  de te rmin ing  t h e  sex o f  shrimp; and 
(3)  c r i t i q u e  t h e  Cent ra l  Region's Kachemak Bay t r a w l  shrimp program. 

The meet ing was at tended by department s t a f f  w i t h  shr imp management/research 
r e s p o n s i b i l i t i e s ,  i n c l u d i n g  Cathy Bo te lho  and Tim Koeneman o f  Region I; Wayne 
Donaldson, R ich  Gustafson, Lee Hammarstrom, John H i1  s inger ,  A1 Kimker, Chuck 
Meacham, and C h a r l i e  Trowbridge o f  Region 11; Dave Jackson o f  Region I V ;  and 
Gordon Kruse and Peggy Murphy o f  headquarters.  We were a l s o  ve ry  f o r t u n a t e  t o  
have J i m  B o u t i l l  i e r  o f  t h e  Department o f  F i s h e r i e s  and Oceans (DFO), Nanaimo, 
B r i t i s h  Columbia, i n  at tendance. The meet ing was organized by Gordon Kruse 
(chairman),  Lee Hammarstrom, and Tim Koeneman. 

D iscuss ions  focused on f i v e  species o f  shrimp: p i n k  o r  n o r t h e r n  shr imp (Pandalus 
borea 7 is), spot  shr imp o r  prawn (Pandalus platyceros) , humpy shr imp (Pandalus 
goniurus) , c o o n s t r i  pe o r  humpback shrimp (Panda 7us hypsinotus) , and s i d e s t r i  pe 
shr imp (Pandalopsis dispar) . 

AGENDA 

A d r a f t  agenda was d iscussed and mod i f i ed  s l  i g h t l y .  The meet ing c l o s e l y  f o l l owed  
t h i s  r e v i s e d  agenda: 

October 24 (Monday) 

Morning Session (10:30 - 12:OO) 

A. P re l  i m i n a r i e s  

1. I n t r o d u c t i o n s  and Announcements 
2. Purpose o f  Meet ing 
3. Review o f  Agenda 

B. Review o f  Regional Shrimp F i s h e r i e s  and Management 

1. General Comments 
2. Southeast Alaska and Yakutat  
3.  P r i nce  W i l l i a m  Sound 
4 .  Cook I n l e t  
5. Kodiak, A l e u t i a n  Is lands ,  and Alaska Peninsula 
6. B r i t i s h  Columbia 



Af te rnoon Session (13:30 - 17:OO) 

C. Review o f  B io l ogy  and L i f e  H i s t o r y  o f  Shrimps 

1. Spot Shrimp 

a. L i f e  Cycle 
b. Age and Growth 
c.  Fecundi ty  
d. M i g r a t i o n  

2. Other Shrimp Species 

a. Major  I n f o r m a t i o n  Needs 

October 25 (Tuesday) 

Morning Session (8:OO - 12:OO) 

D. De te rmina t ion  o f  Sex i n  Shrimp 

1. Review o f  Methodology 
2.  Hands-on Workshop 

E. Tagging Methods f o r  Shrimp 

1. Pr ince  W i l l i a m  Sound Shrimp Tagging Stud ies 
2. Recommendations f o r  Fu tu re  S tud ies  

F. Microcomputer A p p l i c a t i o n s  

1. Length Frequency Modal Ana l ys i s  
2 .  E l e c t r o n i c  C a l i p e r s  and Microcomputer I n t e r f a c e s  

A f te rnoon Session (13:30 - 17:OO) 

G. Management o f  Shrimp F i s h e r i e s  

1. Statewide Pol i c y  on Shrimp Management 

a. Need f o r  Such a  P o l i c y  
b. Management Goals 

2. Nuts and B o l t s  o f  F i she ry  Management 

a. E x p l o i t a t i o n  Rates 
b. Es t ima t i ng  Threshold 
c.  Mesh S ize  Regulat ions 
d. Management Probl  ems 

3. Fac to rs  A f f e c t i n g  S t a b i l i t y  i n  Shrimp F i s h e r i e s  
4 .  Recommended Survey Methods 



October 26 (Wednesday) 

Morning Session (8:OO - 12:OO) 

H. F i  shery M o n i t o r i n g  Programs 

1. Southeast Alaska and Yakutat  
2. P r i nce  W i l l i a m  Sound 
3. Cook I n l e t  
4 .  Kodiak, A l e u t i a n  I s l ands ,  and Alaska Peninsula 
5. B r i t i s h  Columbia 

I. Data C o l l e c t i o n  Forms 

1. General Comments 
2. Southeast A1 aska, Yakutat ,  Kodiak, A l e u t i a n  Is lands ,  and Alaska 

Peni nsu l  a  
3.  Cook I n l e t  and P r i nce  W i l l i a m  Sound 
4. B r i t i s h  Columbia 

A f te rnoon Session (13:30 - 17:OO) 

J. Review o f  Kachemak Bay Shrimp Program 

1. B r i e f  Review o f  H i s t o r y  o f  Shrimp Program 
2. Survey Design 
3. Management and Ana l ys i s  o f  Survey Data 
4. Recommendations 

REVIEW OF REGIONAL SHRIMP F ISHERIES AND MANAGEMENT 

General Comments 

Peggy Murphy summarized t h e  species composi t ion o f  t r a w l  and p o t  f i s h e r i e s  f o r  
1987. She p rov ided  a summary t a b l e  o f  these da ta  (Appendix A). Peggy a l s o  
summarized management r e g u l a t i o n s  f o r  t r a w l  and p o t  f i s h e r i e s  (Appendix B). 

Southeast Alaska and Yakutat 

Trawl F i  shery 

Southeast Alaska. Tim Koeneman descr ibed  t h e  beam t r a w l  f i s h e r y  t h a t  has 
operated i n  Southeast Alaska s ince  1915. Twenty-three vesse ls  ( ~ 5 8  f t  l e n g t h )  
p a r t i c i p a t e d  i n  t h i s  f i s h e r y  d u r i n g  1987. T raw l i ng  occurs i n  e s t u a r i n e  waters  
l e s s  than  420 ft, and most catches a re  taken f rom 90-210 ft. A g u i d e l i n e  ha rves t  
range i s  e s t a b l i s h e d  f o r  each major  d i s t r i c t  sepa ra te l y  based on h i s t o r i c  
catches. Recent catches have been approx imate ly  1.4 m i l l i o n  I b s  which i s  down 
f rom a peak ha rves t  o f  7.6 m i  11 i o n  1 bs i n  1958. Catches a re  comprised p r i m a r i l y  
o f  p i n k  shr imp w i t h  some s i d e s t r i p e  shrimp taken. 



Y a k u t a t .  Tim a l s o  presented a b r i e f  overv iew o f  t h e  smal l  o t t e r  t r a w l  f i s h e r y  
t h a t  occurs near  Yakutat .  Recent popu la t i on  es t imates  o f  p i n k  and s i d e s t r i p e  
shr imp were 2-6 m i l l i o n  I bs ,  and annual catches have averaged about 190,000 l b s .  
Sporadic ope ra t i on  o f  shores ide p rocess ing  f a c i  1  i t  i es and inc lement  weather have 
l i m i t e d  t h i s  f i s h e r y .  A g u i d e l i n e  harves t  l e v e l  o f  30,000 pounds p e r  each month 
o f  open season has been implemented f o r  t h i s  f i s h e r y .  

Pot F i she ry  

Southeast A7aska. The p o t  shrimp f i s h e r y  i n  Southeast A laska t a r g e t s  upon t h e  
spot  shrimp. E f f o r t  has been i nc reas ing  r a p i d l y .  A t  present ,  approx imate ly  100 
vesse ls  p a r t i c i p a t e  i n  t h e  f i s h e r y  which i s  dominated by vesse ls  f rom t h e  l o c a l  
area. The annual ca t ch  i s  about 300,000 l b s  and i s  r e g u l a t e d  by g u i d e l i n e  
ha rves t  ranges i n  major  d i s t r i c t s .  Most o f  t h e  p o t  shr imp ca t ch  i s  taken f rom 
t h e  Ke tch ikan  area, w i t h  a d d i t i o n a l  catches f rom t h e  Petersburg/Wrangel l  area. 
Both catcher /processor  and ca tcher /se l  1  e r  vessel  s  hand1 e t h e  p o t  shr imp catch.  

Y a k u t a t .  A ve ry  smal l  p o t  f i s h e r y  harves ts  a  few thousand pounds of  shrimp i n  
Yakutat  Bay. 

P r i n c e  Wi71iam Sound 

Trawl F i  shery 

Wayne Donaldson presented an overview o f  t h e  t r a w l  f i s h e r y  f o r  shr imp i n  P r i nce  
W i l l i a m  Sound (Appendix C). I n  p a s t  years  t h e  ca tch  has been dominated by p i n k  
shr imp b u t  i n  1987 t h e  ca t ch  was comprised p r i m a r i l y  o f  s i d e s t r i p e  shrimp. 
C u r r e n t l y  an o t t e r  t r a w l  f i s h e r y  i s  conducted a long t h e  n o r t h  western s i d e  o f  
P r i nce  W i l l i a m  Sound i n  900-1,200 ft o f  water  and a long t h e  south western s i de  
a t  a  depth between 600 and 900 ft. Recent f i s h e r i e s  have harves ted  approx imate ly  
100,000 1 bs wor th  about $150,000 i n  exvessel va lue.  Some l and ings  have been 
shipped l i v e  t o  Japanese markets. The f i s h e r y  i s  r e g u l a t e d  by season and area 
c l osu res .  The I c y  S t r a i t  D i s r i c t  a l s o  has a gu ide l  i n e  ha rves t  range f o r  p i n k  
shrimp. The December t o  A p r i l  p e r i o d  i s  c losed  t o  f i s h i n g  t o  p r o t e c t  egg-bear ing 
females: December - February f o r  s i d e s t r i p e  shrimp and March - A p r i l  f o r  p i n k  
shrimp. The eas te rn  s i d e  o f  t h e  sound i s  c losed  t o  p r o t e c t  k i n g  and tanner  
crabs.  

Pot F i she ry  

An overv iew o f  t h e  p o t  f i s h e r y  f o r  shrimp i n  P r i nce  W i l l i a m  Sound was a l s o  
presented by Wayne (Appendix D). Three management d i s t r i c t s  o r  areas have been 
de f i ned  f o r  t h e  P r i nce  W i l l i a m  Sound p o t  f i s h e r y .  The p o t  f i s h e r y  i n  t h e  
t r a d i t i o n a l  ha rves t  area t a r g e t s  on spot  shrimp i n  t h e  o u t e r  reaches o f  Valdez 
arm and f j o r d s  a long  t h e  west and n o r t h  s ides  o f  t h e  sound. The area has y i e l d e d  
approx imate ly  225,000 I b s  annua l l y  w i t h  an exvessel va lue  o f  $735,000 i n  1987. 
The ha rves t  i s  taken by approx imate ly  80 vessels ,  most o f  which a re  
c a t c h e r / s e l l  e rs .  The t r a d i t i o n a l  harves t  area i s  r e g u l a t e d  by a g u i d e l  i n e  
ha rves t  range and a season c l o s u r e  f rom December t o  March f o r  t h e  peak egg 
bea r i ng  pe r i od .  The f i s h e r y  i s  a l s o  c losed  from June 30 through August 15. 



Montague S t r a i t  had been es tab l i shed  as an exper imenta l  ha rves t  area t h a t  i s  open 
t o  f i s h i n g  year- round.  Catches i n  t h e  area have dropped f rom approx imate ly  
50,000 I b s  i n  1985-86 t o  about 2,000 I b s  i n  1988. The Eastern d i s t r i c t  i s  
cha rac te r i zed  by l ow  p roduc t i on  y i e l d i n g  approx imate ly  5,000 I b s  each year .  

Cook Inlet 

Trawl F i  shery 

Lee Hammarstrom presented an overview o f  t h e  t r a w l  shr imp f i s h e r y  and management 
program i n  Cook I n l e t  (Appendix E) .  An o t t e r  t r a w l  f i s h e r y  t a r g e t s  on p i n k  
shrimp. Due t o  i n te rannua l  v a r i a t i o n ,  s i d e s t r i p e  shrimp can comprise up t o  20% 
and humpy shr imp up t o  50% o f  t h e  t o t a l  ca tch  i n  some years.  Coons t r ipe  shrimp 
a re  l e s s  than  5% o f  t h e  ca tch .  I n  1981-82 about 5  m i l l i o n  I b s  were caught by 
22 vesse ls .  I n  r ecen t  years  e f f o r t  has moved i n  response t o  change i n  shrimp 
abundance f rom west o f  t h e  Homer s p i t  t o  eas t  o f  t h e  s p i t .  Most ha rves t  was 
taken  f rom 240-540 f t west o f  t h e  s p i t  and between 210-300 ft eas t  o f  t h e  s p i t .  
Trawl shr imp surveys have been conducted by ADF&G s ince  1971 t o  assess s tock  
c o n d i t i o n  and determine i f  t h e  f i s h e r y  w i l l  be opened. The f i s h e r y  has been 
c losed  s i n c e  1986-87 due t o  1  ow s tock  s i ze .  H i s t o r i c a l l y ,  p r ima ry  management 
measures a r e  guide1 i n e  ha rves t  range, subseasons, f i  sh ing  per iods ,  and c losed  
waters .  The upper p o r t i o n  o f  Kachemak Bay was c losed  t o  t r a w l i n g  t o  p r o t e c t  
smal l  shr imp. Tutka Bay and Sadie Cove were c losed  t o  p reven t  o v e r e x p l o i t a t i o n  
i n  t h e  smal l  a v a i l  ab le  area. 

Lee i n d i c a t e d  two p o t  shrimp f i s h e r y  areas have been des ignated i n  Cook I n l e t .  
The area H p o t  f i s h e r y  harvested up t o  800,000 1 bs o f  c o o n s t r i  pe shr imp annual l y  
d u r i n g  t h e  1970's. Catches s ince  t h e  1982-83 season have been l e s s  than  75,000 
I b s  pe r  yea r .  The f i s h e r y  has been c losed  d u r i n g  p a r t s  o f  t h e  1983-84 and 1987- 
88 seasons and n e a r l y  a l l  o f  t h e  1988-89 season. The area G p o t  f i s h e r y  operates 
a t  g r e a t  d i s t ance  f rom t h e  p o r t  o f  Seward on a smal l  shr imp resource.  The 
f i s h e r y  t a r g e t s  spo t  shr imp w i t h  an annual ha rves t  o f  l e s s  than  20,000 I b s .  

Kodiak, Aleutian Islands, and Alaska Peninsula 

Trawl F i she ry  

Dave Jackson descr ibed  t h e  t r a w l  shrimp f i s h e r i e s  i n  t h e  Westward Region. A 
beam t r a w l  shr imp f i s h e r y  developed i n  Kodiak i n  t h e  l a t e  1950's and e a r l y  1960's 
f o r  p i n k  shrimp. I n  t h e  mid-1970's e f f o r t  s h i f t e d  t o  t h e  South Pen insu la  and 
Ch ign i k  areas, o t t e r  t r a w l e r s  en te red  t h e  f i s h e r y  and t h e  reg ion -w ide  ca tch  
peaked a t  about 110 m i l  1  i o n  1 bs. S ince then, catches have dropped d r a m a t i c a l l y .  
A management p l a n  was implemented i n  1982 and p rov ides  f o r  e x p l o i t a t i o n  r a t e s  
o f  0-40% based upon s tock  assessment data.  A r e p r e s e n t a t i v e  biomass index  (RBI) 
was es t imated  as t h e  s tock  abundance a f t e r  i n i t i a l  development o f  t h e  f i s h e r y .  
A minimum acceptable biomass index (MABI) was de f i ned  as 40% o f  t h e  RBI. Stocks 
a re  c l a s s i f i e d  as h e a l t h y  (>RBI), r ecove r i ng  (>MABI and <RBI), and seve re l y  
depressed (<MABI) . Harvest  r a t e s  a re  based upon these c l  ass i  f i c a t i  ons . An 



exper imenta l  management area c o n s i s t i n g  o f  t h e  main land s e c t i o n  o f  t h e  Kodiak 
d i s t r i c t  and t h e  eastward sec t i ons  o f  t h e  Ch ign ik  d i s t r i c t  was a l s o  e s t a b l i s h e d  
i n  1982. T h i s  area can be c losed  o n l y  f o r  1  i m i t e d  reasons independent o f  s t ock  
abundance. S ince t h e  c l o s u r e  o f  major  p roduc t i on  areas, t h e  A1 e u t i  an I s 1  ands 
and A1 aska Peninsula,  t o  shrimp ha rves t  i n  1983, t h e  exper imenta l  management area 
has been t h e  o n l y  area c o n t r i b u t i n g  t o  shrimp harves ts  i n  t h e  Westward Region. 
Shrimp abundance surveys by ADF&G a re  r e s t r i c t e d  t o  t h e  Alaska Peninsula area 
and s e l e c t  bays on Kodiak I s 1  and. 

Pot F i she ry  

Dave mentioned t h a t  a  very  smal l  p o t  shrimp f i s h e r y  operates around Afognak 
I s l and .  Only a  few vesse ls  p a r t i c i p a t e  i n  t h i s  f i s h e r y .  Catches a r e  composed 
mos t l y  o f  spo t  shrimp, and t o t a l  catches do n o t  exceed 18,000 I b s  p e r  year .  

B r i t i s h  Co7umbia 

General 

J im  B o u t i l l  i e r  presented t h e  f o l l o w i n g  i n f o r m a t i o n  about f i s h e r i e s  f o r  shrimp 
i n  B r i t i s h  Columbia. S i x  species o f  shr imp a re  f i s h e d  i n  B r i t i s h  Columbia: p i n k  
o r  n o r t h e r n  shr imp (Panda7us boreal i s ) ,  ocean o r  smooth p i n k  shr imp (Panda7us 
j o r d a n i )  , dock shr imp o r  c o o n s t r i  pe shrimp (Panda7us danae) , spot  shr imp o r  prawn 
(Panda 7us p7 atyceros)  , c o o n s t r i  pe shr imp o r  humpback (Panda 7us hypsinotus)  , and 
s i d e s t r i p e  shr imp (Panda7opsis d i s p a r ) .  B r i t i s h  Columbia i s  t h e  n o r t h e r n  end 
o f  t h e  range f o r  P.  jo rdan i  and t h e  southern end o f  t h e  range f o r  P. b o r e a l i s .  

Trawl F i  shery 

An o t t e r  t r a w l  f i s h e r y  f o r  inshore  and o f f s h o r e  popu la t i ons  o f  smooth p i n k  shr imp 
(P. j o r d a n i )  occurs o f f  Vancouver I s l and .  Catches have ranged up t o  12 m i l l i o n  
1 bs annua l l y .  Success o f  t h i s  f i s h e r y  appears r e l a t e d  t o  advec t ion  o f  shrimp 
l a r v a e  f rom o t h e r  areas. Beam t r a w l  f i s h e r i e s  occur  f o r  n o r t h e r n  shr imp (P. 
borea 7 i s )  . 
Pot F i she ry  

Pot f i s h e r i e s  occur  p r i m a r i l y  f o r  spo t  shrimp o r  prawn (P. p l a t y c e r o s ) .  P r i o r  
t o  1979, a l l  spo t  shrimp f i s h e r i e s  occurred a long t h e  south coas t  o f  B r i t i s h  
Col umbi a. Increases i n e f f o r t  s i nce  then  have prompted i ncreased r e g u l  a t  i on o f  
t h i s  f i s h e r y .  The f i s h e r y  i s  managed i n  p a r t  by a spawner index  based upon 
p r o p o r t i o n  o f  t h e  popu la t i on  breeding i n  t h e  spr ing ,  summer and f a l l .  I n  
a d d i t i o n ,  exper imenta l  management areas have been developed t o  eva lua te  t h e  
response o f  shr imp popu la t i ons  t o  d i f f e r e n t  f i s h i n g  r a t e s .  Pot des igns have been 
eva lua ted  t o  inc rease  t h e  ca t ch  o f  l a r g e  shrimp and decrease t h e  c a t c h  o f  smal l  
shrimp. These s t u d i e s  a l s o  examined p o t  volume t o  p rov ide  f o r  e f f o r t  
s t a n d a r d i z a t i o n  used i n  analyses o f  f i s h e r y  data.  



REVIEW OF BIOLOGY AND L I F E  HISTORY OF SHRIMPS 

Spot Shrimp 

The biology and life history of spot shrimp were reviewed by Wayne Donaldson. 
Spot shrimp occur throughout the North Pacific to depths of 600-750 ft. 
Juveniles tend to occur in shallow subtidal environments and adults prefer rocky 
bottom and steep slopes. Newly hatched spot shrimp are pelagic for 
2 months prior to settling into the demersal phase as a juvenile for 1-2 yrs. 
Spot shrimp remain as males until age 3-5, become transitionals at age 6-7, and 
die as females between age 7-9 in Prince William Sound. Spot shrimp of size 
30-40 mm carapace length (CL) molt twice per year and grow approximately 
1.5 mm CL per molt. Larger shrimp molt once per year with a growth increment 
of about 3 mm CL. Mating occurs in the fall with internal fertilization of eggs. 
Females carry eggs 5-6 months, eggs hatch in March and Apri 1, and 1 arvae settle 
in late summer. Jim Boutillier noted that most spot shrimp live approximately 
four years and produce one egg clutch prior to death in British Columbia. 
Multiple egg clutches have been documented in Prince William Sound tagging 
studies. Jim also noted that die1 migrations have been observed in Howe Sound; 
shrimp move inshore at dusk and occur offshore during the remainder of the day. 

Other  Shrimp Species 

The biology and life history of other shrimp species were discussed briefly. 
Gordon Kruse provided one-page outlines for these species (Appendix F). It 
became quite apparent that there were many gaps in our understanding of the 
biology of these species. Specific areas of discussion included: 1) vari abil i ty 
in spawning time and hatching period; 2) causes of egg loss and infertility; 
3) skip of transitional stage and resulting effects on fecundity; 4) predation; 
5) gear effects; 6) need for additional measurements of physical 
characteristics; 7) interpretation of female length frequency histrograms; and 
8) enforcement. Lack of detai 1 about growth and mortal i ty are most consequenti a1 
to fishery management. 

DETERMINATION OF SEX I N  SHRIMP 

Jim Boutillier presented an overview of procedures to determine the sex of 
shrimp. Jim showed slides of photographs, and Gordon provided some overheads 
and photocopies of diagrams (Appendix G) to distinguish the sexes. The first 
or second pleopod is used to sex shrimp. The first pleopod is most useful for 
pink shrimp, and the second pleopod is most informative for prawns and sidestripe 
shrimp. Males can be identified by the presence of setae on the first pleopod. 
The setae begins to disappear on transitional shrimp, and has completely 
disappeared on females. Immature and transitional shrimp are difficult to 
distinguish. Using characteristics of the pleopods, Jim categorizes shrimp into 
immature (0), male ( I ) ,  transitional (2), non-berried female (3), berried female 



(4), and spent female (5). Distinguishing between a male and a transitional 
shrimp can be aided by using size in conjunction with sexing techniques. A 
hands-on workshop provided excellent opportunity to compare sexing techniques 
for spot and pink shrimp. 

TAGGING METHODS FOR SHRIMP 

A1 Kimker gave a presentation on a tagging project for spot shrimp in Prince 
Will iam Sound. Approximately 10,000 spot shrimp were tagged with a streamer tag 
between the first and second segment. Data val uabl e to management were obtained, 
largely due to the fact that tags were retained through the molting process. 
For example, this study found that mortality of mature females is less than 
previously thought, because some, females bore more than one egg clutch; lower 
mortality rates imply that lower harvest rates may be best. Good growth data 
were also obtained. Shrimp molted up to twice per year, and the growth increment 
averaged 3.0 mm CL for shrimp of size 28-42 mm CL. These slow rates of growth 
imply a maximum age of 9 yr. This maximum age is older than previously thought, 
and may imply that lower exploitation rates are appropriate. Movement of shrimp 
was not signi f i cant. Therefore, area-speci f i c management i s necessary to prevent 
recruitment overfi shing of 1 ocal ized stocks. Detai 1 s of this study were reported 
in Kimker and Donaldson (1987). Suggestions for future tagging studies included: 
1) request return of entire shrimp to ensure accurate measurement of CL; 2) 
include a control group to test tag retention; 3) make measurements to the 
nearest 0.10 mm; 4) avoid fresh water circulation in the holding tank and at 
the release site; and 5) take precautions against effects of light known to 
cause col umbar disintegration. 

MICROCOMPUTER APPLICATIONS 

Jim Boutillier briefly described a program for analysis of length frequency 
modes developed by Fournier (1988). He provided copies of a demonstration 
program (MULTIFAN) to hand1 e 1 ength frequency data. Jim emphasized exclusion 
of berried females from length frequency data analysis, because they no longer 
grow. Demonstration copies of this program are available from Gordon Kruse. 
Rich Gustafson described (Appendix H) and demonstrated laboratory procedures and 
data analyses of samples collected from the trawl shrimp survey in Kachemak Bay. 
Rich described the use of electronic calipers connected to a microcomputer that 
was driven by software written by Limnotera. Jim pointed out that staff of DFO 
use electronic calipers with other personalized software. 



MANAGEMENT OF SHRIMP F ISHERIES 

Statewide P o l i c y  on Shrimp Management 

The need for a statewide policy on shrimp management was discussed. Staff were 
very supportive of the idea to develop a policy statement on shrimp management, 
including a statement of goals and objectives, description of area-speci fic 
regulations, and a discussion of how these regulations achieve the goals. 
However, it was recommended that it would be wisest to seek approval for the 
draft king and Tanner crab policy prior to initiating work on a new statement 
for shrimp. John Hilsinger distributed the draft policy statement for king and 
Tanner crabs, and sought comments. 

Nuts and B o l t s  o f  F ishery Management 

Management goals, objectives, and strategies were discussed. We discussed broad 
goals for maximizing and stabil izing yield, social and economic benefits. 
Sporadic recruitment of shrimp was accepted as a given. Management would not 
eliminate this fact. However, it was agreed that high exploitation rates can 
increase the magnitude of the fluctuations. The use of a threshold for females 
to insure reproductive potential was discussed. In British Columbia a minimum 
relative abundance of egg bearing females must occur before the fishery is 
opened. Consensus was reached that more information is needed on exploitation 
rates and environmental variables. It was pointed out that exploitation rates 
for herring are 0-20%. Given that maximum age of herring (9-13 yr) and spot 
shrimp (7-9 yr) are similar, merits of similar exploitation rates were discussed. 
Possible relationships between target exploitation rate and size structure were 
postulated. Also, it was recognized that mesh restrictions alone are 
insufficient to prevent overfishing; mesh restrictions can be used to prevent 
growth overfishing, but cannot prevent recruitment overfishing. 

S t a b i l i t y  Factors i n  Shrimp F i she r ies  

Factors contributing to stable shrimp fisheries in Southeast Alaska were 
discussed. Shrimp fisheries in Duncan Canal and Sti kine Flats may be excellent 
stocks for study. These areas have had the longest continuous shrimp fisheries 
in A1 aska. Perhaps consistent recruitment and low exploitation rates in these 
fisheries are conducive to stable fisheries in general. Unfortunately, lack of 
stock assessment surveys prohibit estimation of population size and exploitation 
rates. The fisheries are targeted by beam trawls, and these vessels tend to be 
less efficient than most vessels in other fisheries with more sophisticated 
electronics. Each of these factors may promote stabil i ty. A1 ternatively, beam 
trawls may impact shrimp habitat to a lesser degree than otter trawls. The 
possi bil i ty of harmful effects on shrimp by hydrogen sul fide released from otter 
trawling was mentioned. It was also noted that the incidence of crab is high 
in shrimp otter trawls. 



Recommended Survey Methods 

Establishment of a survey or fishery monitoring area could be useful for pot 
fishery management in Prince Will iam Sound. Mu1 tiple surveys for biological data 
coordinated with a log book program would be ideal. Data collection activities 
could promote the development of regulations to avoid catches of small shrimp, 
avoid egg-bearing periods, and lower exploitation rates to promote fishery 
stability. Opportunities to conduct surveys before and after each season as 
opposed to dockside sampling would provide better data on catch and discard 
mortal i ty. A spawner index could be developed and a threshold imp1 emented. Size 
structured data could be obtained to aid development of regulations to minimize 
catches of small shrimp. 

FISHERY MONITORING PROGRAMS 

Southeast Alaska and Yakutat  

Tim Koeneman mentioned that no surveys or logbook programs are conducted in 
Southeast Alaska or Yakutat for shrimp. Dockside samples are collected in 
Petersburg from the beam trawl fishery for pink shrimp. Approximately 300 shrimp 
are sampled per delivery. Vessels deliver every day but each vessel is sampled 
once a week. Size frequency data are available for each fishing district and 
statistical week. Incidental landings of sidestripe and coonstripe shrimp are 
a1 so sampled, but these size frequency data are biased, because the 1 arge shrimp 
are sold to processors. Fisherman interviews are conducted when vessels are 
sampled. These interviews are coupled with the size frequency data to gauge 
fishery performance in re1 ation to the guide1 ine harvest range. Data for all 
landings are available from fish tickets. No interviews are conducted for the 
pot shrimp fishery. Occasionally, samples are purchased from fishermen to obtain 
data on count per pound and length frequencies. 

P r i n c e  W i  7 7 iam Sound 

Wayne Donaldson mentioned that data on shrimp fisheries of Prince Will iam Sound 
are quite limited. Fish tickets are collected and edited after phone 
conversations with fishermen. Logbooks are available for both pot and trawl 
shrimp fisheries, and these provide data on pounds landed per hour. Limited data 
on size frequency are collected from measurement of heads saved by some pot 
shrimp fishermen. Historically, catches of Prince Will i am Sound shrimp landed 
in Kodiak were sampled occasionally. Difficulties with accuracy and delayed 
receipt of fish ticket information have complicated inseason management of Prince 
William Sound shrimp fisheries. 



Cook Inlet 

Lee Hammarstrom described fishery monitoring programs for Cook In1 et . Aside from 
statistical area G, random sampl es of commerci a1 shrimp catches are coll ected 
from the trawl shrimp fishery in Kachemak Bay. Data are obtained on shrimp 
length frequency, sex, count per pound, and percent composit'ion of shrimp and 
fish in the catch. Some fishermen provide subsamples they have taken of their 
own catch for percent species composition of shrimp and fish. Radio reports of 
catches and fish ticket data are obtained inseason. Logbooks are obtained weekly 
and reviewed, but not computerized. Sporadic observer data are avail able. 

There is no survey for the trawl fishery in statistical area G. Information on 
the fishery comes primarily from fish ticket data. Occasionally catch samples 
and 1 og, books are coll ected, and skipper interviews conducted when catches are 
landed in Kodiak. 

Prior to 1986 a pot shrimp index program was conducted in Cook Inlet. This 
program provided data on the sex ratio and length frequency of coonstripe shrimp. 
After el imination of this program a logbook program was initiated to collect CPUE 
data, however, fishermen participation has diminished. Fish ticket data are 
available, but these data are not received in time for inseason management. The 
small pot fishery in statistical area G targets on spot shrimp. One logbook is 
obtained annually for this area and fish tickets from catcher/processors are 
avai 1 able. 

Kodiak, Aleutian Islands, and Alaska Peninsula 

Dave Jackson described data collection programs for shrimp in Westward Region. 
A trawl survey is used to estimate population size for shrimp populations in the 
this region. In the mid-1970's to early 1980's the survey was conducted over 
120 d. In 1989 a survey of 30 d duration is planned. Area swept methods are 
used to calculate the population estimates. Approximately 200 shrimp are sampled 
each tow for length frequency. A composite sample for a given area is analyzed 
in the 1 aboratory for sex and length. Currently, only a small commercial fishery 
occurs on shrimp stocks in the Westward Region. Historically, a major logbook 
program was used to collect fishery performance data. At present, logbooks are 
required from f i shermen fishing in the experimental management area. 
Historically, an interview program was a1 so conducted, but this was terminated 
when the fishery collapsed. A computerized data base of commercial catch samples 
is available. No data, other than fish tickets, are collected for the pot shrimp 
fishery . 

British Columbia 

Jim Boutillier described data collection programs for shrimp in British Columbia. 
The trawl fishery is a 1 imited entry fishery. Shrimp stocks harvested by the 
trawl fleet are monitored with a trawl survey by methods similar to the one 



conducted by the Kodiak office of ADF&G. Logbooks are collected, and there are 
occasional observer data. Sales slips are collected, and data from sales slips 
are useful for cross-checking the logbook data. However, CPUE data from the 
sales slips are dubious and not used. Fishery officers also maintain fishing 
activity logbooks in which they report time/area/activity observations of 
commerci a1 vessel s. These 1 ogbooks are useful for val i dat i ng abundance i ndi ces 
computed from surveys. 

Logbooks are also mandatory in the pot fishery. Samples are collected from the 
commercial pot fishery for sex and length frequency data. A pot survey is 
conducted on board commercial vessels. Pot survey data is used in conjunction 
with logbook data to compute an abundance index and to estimate the spawner index 
upon which fishery openings and closures are based. 

DATA COLLECTION FORMS 

General Comments 

Copies of shrimp data forms used by ADF&G and DFO were distributed and discussed. 
Copies can be obtained from ADF&G regional offices or headquarters. Similarities 
and differences among the forms were noted. There was agreement that advantages 
would accrue from standardizing forms for data collected on shrimp trawl surveys. 
Peggy Murphy agreed to draft some forms for review by regional staff. It is 
hoped that a consensus about form design can be achieved. 

Southeast Alaska, Kodiak, Aleutian Islands, and Alaska Peninsula 

In general, the Southeast and Westward Regions use the same primary data forms. 
There is a skipper trawl record for each survey tow. Detailed data on location, 
time, depth, weather and gear are recorded. A station catch record form is 
completed for each tow. Percent composition and weight of each species of shrimp 
and fish are estimated and recorded. Species codes are taken from the National 
Oceanic and Atmospheric Administration NODC Taxonomic Code (1981). The skipper 
and station catch record forms are identical for both shrimp and crabs. Similar 
forms are used for length frequency samples from both commercial and survey 
catches. Subsamples from survey and commerci a1 catches examined for size, sex 
and ovigerity are summarized on the composite survey tally record before transfer 
to a form for key punching. A summary data form is kept aboard the vessel to 
expedite radio reports to the area office regarding shrimp catches, species 
composition, and re1 ative abundance estimates. Various other data summaries can 
be obtained from computer-generated print outs. 



Cook I n l e t  and P r i n c e  W i l l i a m  Sound 

Central Regional staff discussed data forms that they use. A skipper trawl log 
form is completed for surveys. The form includes data such as deployment time, 
starting and ending depths, loran readings, and compass heading. A field form 
is completed aboard the survey vessel for each tow. Percentages of shrimp and 
fish are estimated, and subsamples are collected for species composition and 
length frequencies. Prior to development of electronic calipers, another form 
was used to record length frequency data from both survey and commercial catch 
samples. Since the development of electronic cal ipers, data are entered directly 
into a microcomputer and a print out of length frequency data is generated. 
Summary sheets of species composition, sex, and catch are also generated from 
these data. Commercial catch samples are recorded on forms. Number, weight, 
and percent species composition of subsampl es are recorded for each 1 anding. 

B r i t i s h  Columbia 

A standard form is used to record data from the shrimp trap fishery in British 
Columbia. Data include trap type, bait used, time set and hauled, location, 
depth, and catch by species. Collection of data on bait may be discontinued, 
because it is difficult to standardize. Description of each type of trap is 
facilitated by distribution of forms that allow detailed explanation of trap 
design. A single code book is used for all data collection by DFO. 

SPECIAL TOPIC: REVIEW OF KACHEMAK BAY SHRIMP ASSESSMENT PROGRAM 

Lee Hammarstrom presented a thorough overview of the trawl shrimp survey for 
Kachemak Bay (Appendix E) .  The purpose of this session was to seek suggestions 
about survey design, survey methods, and data analyses. 

The Kachemak Bay trawl shrimp survey was started in 1971 by the National Marine 
Fisheries Service (NMFS). ADF&G assumed responsibility for this survey in 1975 
and imp1 emented surveys both in spring and autumn. The survey is conducted with 
a NMFS-design otter trawl with a 61 ft opening. Prior to 1983, stations were 
randomly selected annually. Since 1983, the station 1 ocation pattern has been 
fixed at the 1983 design. Most tows are 1 nm long; west of Homer spit some tows 
are 0.5 nm long in areas of zero catches. Area swept methods are used to 
calculate an index of abundance. Abundance estimates for fa1 1 and spring surveys 
differ, due to recruitment, growth, commerci a1 catches and changes in shrimp 
distribution. 

Survey methods in Kachemak Bay appear to be good. Analyses could be conducted 
on historical data to estimate appropriate sample sizes for length frequency 
analyses. Off hand, Jim Boutillier estimated that 1,000 samples per population 
per month was a reasonable size. 



I t  was recommended t h a t  cons idera t ion  be g iven t o  randomness i n  survey design. 
Analys is  o f  h i s t o r i c a l  data cou ld  prov ide  i n s i g h t  about design cons idera t ions .  
Surveys cou ld  be conducted t o  l o c a t e  concentrat ions o f  shrimp, and then a 
systematic s t a t i o n  p a t t e r n  could be implemented t o  de l  i m i  t t h e  geographic 
d i s t r i b u t i o n  o f  t he  concentrat ion.  Computerized graph ica l  methods cou ld  be used 
t o  generate maps o f  shrimp abundance, and t o t a l  absolute abundance could be 
est imated from them. Jackkn i fe  methods could be used t o  determ'ine the  importance 
o f  each tow i n  the  survey design, de f i ne  geographic pa t te rns  o f  abundance and 
est imate variances. 
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Appendix A 

1987 Shr imp Spec ies  Rank i n  Terms o f  Commercial 
Impor tance by  Area and Gear Type 

by Peggy Murphy 

Spec ies  

~ r e a '  Gear P i n k  Spot  Humpy C o o n s t r i p e  S i d e s t r i p e  
- - - - - 

WESTW P o t  
Trawl  # 1 # 2 # 3 

PWS P o t  
Trawl  

COOK Po t  
Trawl  

YAKUT P o t  
S E O t t e r  

Beam 

BC Po t  
O t t e r  
Trawl  

# 1 
# 1  (P. j o r d a n i )  
# 1  (P. b o r e a l i s )  

' S t a t i s t i c a l  Areas:  WESTW - Westward Area J, PWS - P r i n c e  W i l l i a m  Sound 
Area E, COOKH - Cook I n l e t  Area H, COOKG - O u t e r  Cook I n l e t  Area G, 
YAKUT - Y a k u t a t  Area D, SE -Sou theas te rn  A laska  Area A ,  BC - B r i t i s h  Columbia 



Appendix B 

1987 Management Regulat ions by Area and Gear ~ y p e '  
by Peggy Murphy 

S t a t i s t i c a l    re as^ 

WESTW PWS COOKH COOKG YAKUT SE BC 
Management Regulat ions 

F i sh ing  Season 
F i sh ing  'Sub-seasons 
C l  osed Area (s)  
Gear R e s t r i c t i o n s  
GHL 
Sub-season/weekly GHL 
GH Range 
Pot L i m i t  
Mandatory Logbook 
Species Composition 
Exc lus ive  R e g i s t r a t i o n  
Permi t Requ i r e d  
F i  shery Performance 
No Management Strategy 
Exp. Management Area 
L im i ted  Ent ry  

 ear Types: P - Pot, T - Trawl, To - O t t e r  Trawl, Tb - Beam Trawl 
' s t a t i s t i c a l  Areas: WESTW - Westward Area J, PWS - Pr ince  Wi l l i am Sound 
Area E, COOKH - Cook I n l e t  Area H, COOKG - Outer Cook I n l e t  Area G, 
YAKUT -Yakutat Area D, SE -Southeastern A1 aska Area A, BC - B r i t i s h  Columbia 
3~ppl i e s  on l y  t o  areas covered by the  Main1 and Shrimp Management Plan 
4 ~ p p l  i e s  o n l y  t o  t r a d i t i o n a l  harvest  area. 
' ~ p ~ l  i e s  on l y  t o  Montague S t r a i t  experimental harvest  area. 



Appendix C ( p  1 of 3) 

Prince W i l l i a m  Sound 
by Wayne Donaldson 

Trawl Shrimp 

Trawl shrimp fishery began in 1972. Harvest and effort were 
minor until the late 1970's when large Kodiak based otter trawl 
vessels targeted on pink shrimp (Pandalus borealis) in 
southwestern Prince William Sound. The peak harvest occurred in 
1984 when 1.3 million lbs. was taken. No vessels have targeted on 
pink shrimp during the previous two seasons due to marginal catch 
rates, fish bycatch and low ex-vessel value. Recent emphasis has 
shifted from pink shrimp to sidestripe shrimp (Pandalopsis 
dispar). The sidestripe fishery is characterized by a few small 
vesseis targeting their effort in the northwest corner of the 
Sound. Initial catches were from the southwestern Sound. 
Indications from catch rates suggest that this stock is small. 
The product is marketed in Anchorage and Japan with an ex-vessel 
value of $1.25/lb for whole shrimp. 

Comnercial catch sampling of the pink shrimp fishery has been 
conducted by Leslie Watson of the Kodiak staff. Current 
monitoring of the sidestripe fishery includes logbook and fish 
ticket information. 

Management Measures 

1) The pink fishery is closed March and April for the peak 
egg release period. 

2) The sidestripe fishery is closed from December thru 
February for the peak egg release period. 

3 )  Cod end mesh restriction of 1 5 / 8 '  minimum and hung 
square during March and April to minimize the catch of 
pinks. 

4 )  The eastern Sound is closed to trawling to protect crab 
stocks. 
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Appendix C.  1 T raw l  sh r imp  h a r v e s t ,  P r i n c e  W i  11 iam Sound management a rea .  

Year Vessels Pounds 

Year Vessels Landings Pink S i d e a t r i p e r  Other To tal 
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Appendix D ( p  1 o f  4 )  

Shrimp Workshop 
Prince William Sound 

by Wayne Donaldson 

Pot Shrimp (95% Pandalus platyceros, 5% Pandalus hypsinotus) 

Pot shrimp fishery began around 1960. Fishery was minor 
to other shellfish fisheries in the area during the 
60's and early 7 0 ' s  (1,000 to 20,000 lbs.) 

From 1978, catch and effort began a dramatic increase 
until 1982 when ADF&G instituted a closure from 
December thru March based on the peak egg bearing 
period. A guideline harvest range of 75,000 - 145,000 
pounds was also instituted to allow the department to 
evaluate the stock during the rapid expansion. 

The Alaska Board of Fisheries increased the guideline 
harvest range in 1985 to 150,000 - 200,000 lbs. for the 
western portion of the Sound only. The western Sound 
quota was divided equally between a spring and fall 
season. Two other areas were established to test the 
effects of continuous fishing on shrimp stocks by 
having unrestricted year around fishing. 

Fishing still occurs during the egg release and egg 
bearing period. Catch has decreased in the most 
productive of the open all year area. Catch for the 
fall 1988 season in the western Sound decreased over 
preseason expectations. 

The total catch in 1988 is expected to decrease to 
approximately 160,000 lbs. which is a 60,000 to 80,000 
lb. decrease from recent harvests. 

Issues 

1) Complete field testing and analysis of proposal to 
institute escape panel. (hard mesh, 1 3/4 in) 

2) Shift seasons away from egg bearing and release periods. 
(obtain maximum larval production, avoid disruption of 
egg extrusion) 

3) Define life history of juvenile spot shrimp ( <  25 m n ) .  
4) Monitor the size of egg bearing females over time to 

detect changes in fecundity and population structure. 
5) Collect annual stock data to adjust the present guidelin 

harvest level. May be easier said than done based on th 
wide variety of locations to be sampled. Sampling shoul 
avoid molting periods. 
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Appendix 0.1 Po t  shr imp ha rves t ,  P r i nce  W i  11 iam Sound management area. 

Year Vessels Landings Pounds (Whole Weight) 

1 9 6 0  4 , 1 6 5  



Appendix 0 ( p  3 o f  4 )  

  an Feb l4arch A p r i l  Hay June Ju ly  Aug Sept Oct Nov Dec 

Appendix 0.2 Percentage o f  l a r g e  females w i t h  eggs by month, 
Montague S t r a i t  exper imenta l  ha r ves t  area, 1986. 
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Appendix E 

3hrimp Workshop, Anchorage f L ~ ~ o o e r  I - b y  2 4 - L 6 ,  1348 

COOK INLET TRAWL SHRIMP: 
REVIEW OF FISIIEXY, MANAGEMENT, AND STUDIES 

Lee F. darnrnsrstrom 
Alaska Department of C s h  ana Game 
Area 3heii.f ish .8iolog~st, 2 ~ 0 k  I n l a c  

domer, Alaska 3960.3 

AbsXracf, - Cook Znlzt is Located in tne north central Gulf of 
Alasha and is bounaed on zr.e sourb ,,i by tne Xodiab management area 
st the latitude or Cape Douglas and :sn rha  e a s ~  by the P r ~ n c e  
William Sound management area at tne Longitude of Caps Fairfi+id. 
The major trswl shrimp r ishery of C ~ o k  inlet occurs iri the 
Southern District (Kacnemak Bay) ana targets on pink snrimp 
( P a n d a l u s  borealis). 3ma11 3rd  i:itermit~,ant (:at;chas in the 
1950's and early 1960's did not accurateiy reliect sizes of the 
stocks. Commercral catches reached the 5.0 million pound level 
annually in the lace 1963'3 and remained near that level through 
the early 1980's. Vessei efforz ranged from a low of one in 1968 
to a high of 22 in i 9 8 1 .  Guideline harvest Levels were 
established in tne early 1 9 7 0 ' s  but wers more a reflection of 

7,  local processing capacity zhan biologicai factors. L LIS Kacheinak 
2ay Trawl Shrimp Management Flan was aaopzaa by the Alaska 3oard 
of Fisheries in 1979, which spreau the harvest out evenly during 
a time period of Guiy i through March 31 each year. The fishery 
was closed for a ?ortion of the 1 9 3 3 - 3 4  fishing year and again 
during the 1986-37 year, remarning closed since the latcar 
closure until the prevent tine, due to declines in stock 
abundance. 

The Kachemak 3ay trawl shrimp index program dates back to 1971, 
and two trawl snrimp index of abundance ~urveys havl been 
conducted annually by ADFhG in Racnemak Say since 1976. Zrorn 
1978 to 1386, the mid-point estlmatev from these surveys steadily 
declined, and although the estimates have risen slightly during 
the past two years, the majority of p ~ n k  shrimp captured during 
the recent surveys have bean 3msll in size, suggesting juveniles 
or males, and the areas of occurrence have diminished 
significantly since the late 1970'5 and early 1980's. In an 
attempt to refine the index of abundance estimates, the number of 
stations sampled in the survey was expanded in the area of 
highest shrimp abundance (east of the Homer Spit) beginning with 
the spring survey of 1388. 
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B i o l o g y  and  L i f e  H i s t o r y  o f  P i n k  S h r i m p  

Pandalus borealis 

A .  L i f e  C y c l e  

s p a w n i n g  i n  Nov-Dec ;  h a t c h i n g  i n  M a r - A p r  i n  BC;  s i x  
l a r v a l  s t a g e s  l a s t i n g  4 5 - 1 0 0  d, d e p e n d i n g  on  
t e m p e r a t u r e ;  j u v e n i l e  s t a g e  l a s t s  1 y r ;  a t  18 mo 
50 :50  sex  r a t i o  o f  m a t u r e  m a 1 e s : f e m a l e s ;  m a l e s  b e g i n  
s e x  c h a n g e  a t  2  y r  and a r e  t r a n s i t i o n a l  f o r  4 - 5  mo. 

8 .  Age and  G r o w t h  

s i z e  r e l a t e d  t o  age and g e o g r a p h i c  r e g i o n  

maximum age  i s  3 ( U K ) ,  4  (BC) ,  5 - 6  (Kachemak B a y ) ,  7 
( w e s t e r n  G u l f  o f  AK and  B e r i n g  Sea) 

maximum s i z e  i s  20 mm CL o r  1 2 1  mm TL f o r  m a l e s  and  
3 7  mm CL o r  182 mm TL f o r  f e m a l e s  

C .  F e c u n d i t y  

e g g  c o u n t  r a n g e s  f r o m  6 0 0 - 4 9 0 0 ,  d e p e n d i n g  u p o n  s i z e  
o f  f e m a l e  and  g e o g r a p h i c  a r e a  

D .  N a t u r a l  M o r t a l  i t y  

n a t u r a l  m o r t a l i t y  i n v e r s e l y  r e l a t e d  t o  t i m e  s p e n t  as 
m a l e  and  maximum age ;  l a r v a l  a n d  j u v e n i l e  m o r t a l i t y  
i s  h i g h e r  a t  warmer  t e m p e r a t u r e s  o v e r  t h e  r a n g e  4 - 1 0  
C ;  a n n u a l  e s t i m a t e s  a r e  Mm.2-1.0  ( A = 1 8 - 6 8 % )  

E .  P r e d a t o r - P r e y  Re1 a t i o n s h i p s  

P r e y :  m a c r o  a l g a e ,  c o p e p o d s ,  c r u s t a c e a n s ,  b i v a l v e s ,  
d l  a t o m s ,  f o r a m i n i f e r a ,  p o l y c h a e t e s ,  e c h i n o d e r m s ,  
n e m a t o d e s ,  f o r a m i n i f e r a ,  g a s t r o p o d s ,  d e t r i t u s ,  e t c .  

P r e d a t o r s :  f i s h  s u c h  as d o g f i s h ,  c o d ,  t u r b o t ,  hake ,  
a n d  p a r a s i t e s  s u c h  as  r h i z o c e p h a l a n  ( S y l o n  
h i p p o l y t e s )  , b o p y r i d  i sopod  ( B o p y r o  i d e s  h i p p o  l y t e s )  , 
and  m i c r o s p o r i d i a  

F .  M a j o r  I n f o r m a t i o n  Needs 

2 6 
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B i o l o g y  and L i f e  H i s t o r y  o f  S p o t  S h r i m p  o r  P r a w n  

Pandalus platyceros 

A .  L i f e  C y c l e  

s p a w n i n g  c o m p l e t e d  by e n d  o f  O c t ;  o v i g e r o u s  f o r  5 
mo; h a t c h i n g  i n  M a r - A p r  i n  B C ;  4 t r u e  l a r v a l  s t a g e s  
( 5 t h  i s  p o s t l a r v a l ) ;  some m a l e s  b e g i n  s e x  c h a n g e  a t  
18 n o  a n d  by 3 y r  a l l  p r a w n s  h a v e  become 
t r a n s i t i o n a l s  o r  f e m a l e s  

B. Age  a n d  G r o w t h  

max imum s i z e  i s  48 mm CL o r  230 mm TL f o r  m a l e s  a n d  
6 1  mm CL o r  253 mm T L  f o r  f e m a l e s  

C .  F e c u n d i t y  

mean c o u n t s  b e t w e e n  2000 ( B C )  - 3900 (AK) 

D.  N a t u r a l  M o r t a l  i t y  

E .  P r e d a t o r - P r e y  R e l a t i o n s h i p s  

P r e y :  p o l y c h a e t e s ,  c r u s t a c e a n s  

P r e d a t o r s :  O c t o p u s ,  y e l l o w e y e  r o c k f i s h ,  a n d  p a r a s i t e  
(Sylon hippolytes) 

F .  M a j o r  I n f o r m a t i o n  N e e d s  
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B i o l o g y  and L i f e  H i s t o r y  o f  Humpy S h r i m p  

Panda  lus gon  i u r u s  

A .  L i f e  C y c l e  

l a r v a e  h a t c h  i n  s p r i n g ;  2 - 2 . 5  rno l a r v a l  p e r i o d ;  a t  
l e a s t  s e v e n  l a r v a l  s t a g e s ;  some f e m a l e s  a n d  m o s t  
m a l e s  m a t u r e  i n  1 s t  y e a r ;  c h a n g e  t o  f e m a l e  i n  2 n d  
summer;  m o s t  f e m a l e s  d i e  a f t e r  eggs  h a t c h  a t  2 y r  

6 .  Age a n d  G r o w t h  

. m a x i  mum a g e  i s  3 

, . max imum s i z e  i s  13  mm CL o r  6 2  mm TL f o r  m a l e s  a n d  
1 6 . 5  mm o r  78 mm TL f o r  f e m a l e s  

C .  F e c u n d i t y  

mean o f  a b o u t  2000  e g g s  ( A K )  

D.  N a t u r a l  M o r t a l  i t y  

m o r t a l i t y  i s  h i g h  a f t e r  2 y r  

E .  P r e d a t o r - P r e y  R e l a t i o n s h i p s  

P r e y :  

P r e d a t o r s :  s a n d  s o l e  

F .  M a j o r  I n f o r m a t i o n  Needs  
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B i o l o g y  and  L i f e  H i s t o r y  S i d e s t r i p e  S h r i m p  

P a n d a l u s  dispar 

A .  L i f e  C y c l e  

e g g s  a r e  e x t r u d e d  i n  l a t e  O c t ;  e g g s  h a t c h  i n  Mar o r  
A p r  ( B C )  o r  A p r  ( S E  A K ) ;  5 - 6  p e l a g i c  l a r v a l  s t a g e s ;  
m a l e s  b e g i n  t o  m a t u r e  a t  18 mo; s e x  c h a n g e  b e g i n s  a t  
2 y r  w i t h  4 - 5  t r a n s i t i o n  s t a g e s  

B .  Age a n d  G r o w t h  

maximum s i z e  i s  31 m m  C L  o r  182 m m  T L  f o r  m a l e s  a n d  
36 m m  C L  o r  2 0 8  m m  TL f o r  f e m a l e s  

maximum a g e  i s  4 

C .  F e c u n d i t y  

mean i s  9 0 3  ( W A ) ,  1129  ( B C )  a n d  4 1 5 0  ( A K )  

D .  N a t u r a l  M o r t a l  i t y  

m o r t a l i t y  i s  h i g h  a f t e r  3 y r  

E .  P r e d a t o r - P r e y  R e l a t i o n s h i p s  

P r e y :  

P r e d a t o r s :  p a r a s i t e  ( B o p y r o i d e s  h i p p o l y t e s )  a n d  
M e t a c e r c a r i  a 

F .  M a j o r  I n f o r m a t i o n  N e e d s  
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B i o l o g y  and L l f e  H i s t o r y  o f  Humpback 
o r  C o o n s t r i p e  Shr imp 

P a n d a l u s  h y p s i n o t u s  

A .  L i f e  C y c l e  

e g g  b e a r i n g  b e g i n s  i n  l a t e  N o v  o r  e a r l y  Dec ;  l a r v a e  
h a t c h  i n  l a t e  M a r - A p r ;  6 z o e a l  a n d  3 p o s t z o e a l  
s t a g e s ;  l a r v a l  p e r i o d  l a s t s  2 - 2 . 5  mo; m a t u r e  as  
m a l e s  ( a n d  some f e m a l e s )  a t  1 . 5  - 2  y r ;  a f t e r  4 - 5  
m o l t s  t r a n s i t i o n  t o  f e m a l e  i s  c o m p l e t e ;  s u r v i v a l  t o  
4  y r  i s  l o w  

8. Age a n d  G r o w t h  

max imum a g e  i s  4  

maximum s i z e  i s  29 mm CL o r  151 mm f o r  m a l e s  a n d  40 
mm o r  192 mm TL f o r  f e m a l e s  

C .  F e c u n d i t y  

mean i s  2257 ( B C ) ,  4000 ( A K ) ,  and 2 6 4 - 3 0 0 0  ( J a p a n )  

0. N a t u r a l  M o r t a l  i t y  

m o r t a l i t y  i s  h i g h  a f t e r  3 y r  

E .  P r e d a t o r - P r e y  R e l a t i o n s h i p s  

P r e y :  m y s i d s ,  c r u s t a c e a n s ,  a n d  p o l y c h a e t e s  

P r e d a t o r s :  s a n d  s o l e  

F .  M a j o r  I n f o r m a t i o n  Needs  
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, 
I ' abdominal segments , 
I single spine, \ 

Appendix G . l  A:  Diagrammatic v e n t r a l  view o f  t h e  abdomen o f  a panda l i d  
shr imp showing s t e r n a l  spines. B-D: Expanded v e n t r a l  v iews 
o f  s t e r n a l  spines i n  prominent,  reduced, and remnant stages 
r e s p e c t i v e l y  . Taken f rom F igure  1, McCrary 1971. 
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Appendix 6 . 2  Pandalopsis dispar. Endopod o f  f i r s t  p leopod: (A) a c t i v e  
ma1 e phase. (A,) t r a n s i t i o n a l  phase. (A,) female phase. 
Endopod o f  second pleopod: (B) a c t i v e  male phase. (B,) 
t r a n s i t i o n a l  phase. (B,) female phase. a . i . ,  appendix 
i n t e r n a ;  a.m., appendix mascul ina.  Taken f rom F i g u r e  1, 
But1 e r  1980. 
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TOTAL LENGTH 
I I 

Appendix 6.3 Method o f  measuring the carapace o f  Pandalus boreal is and 
location o f  the first and second pleopods. Taken from 
Figure 9, Allen 1959. 

Appendix G.4 Change in form with increasing age o f  the endopodi te o f  the 
first pl eopod and corresponding appendix interna and appendix 
mascul ina o f  the second pleopod o f  Pandalus boreal is from the 
Northumberland population. Age in months is given in the ring 
in each endopodite and the carapace length (mm) above each 
figure. Male endopodite, black; transitional, cross-hatched; 
female, out1 ined. Arrows indicate sequence. Taken from 
Figure 10, Allen 1959. 
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KACHEWK BAY TRAWL SHRIMP IEIOBX 
LABORATORY PROCEDURSS AND DATA ANALYSIS 

Richard Guszarson 
Alaska Department of Fish and Game 
Shellfish Technician, Cook Inlet 

Homer, Alaska 99603 

Smail samples of pandalid shrimp captured during the annual 
Kachemak Bay trawi snrlmp surveys are frozen at the end of each 
survey day for later sex and carapace length frequency analysis. 
After the survey when time allows, samples are thawed and 
separated by species and sex in the laboratory. Prior to the Fall 
1988 index, shrimp were divtded into sex categories by the 
sternal spine method described by McCrary (1971). Sternal spines 
present or partially present were placed in the "sex 
undetermined" category. Shrimp with no sternal spines or external 
eggs present were considered to be "non-ovigerous females". 
Shrimp with external eggs were considered as "ovigeroua females". 
In the fall 1988 the category "sex undetermined" will be changed 
in order to further break down that category to include males 
and transitionals. 

Carapace length frequency measurements are next taken f.rom 
each individual shrimp of the different sex categories to the 
nearest one-tenth millimeter using the " Lirnnotera Computer 
Caliper" modem with a "Compaq Plus" personal computer and "Alaska 
Basic" software developed by John Plank and Ray Burkholder. The 
aggregate weight of each species sex category is also recorded 
into the "Alaska Basic" program. Data from each station is then 
imported from the "Alaska Basic" into a "Lotus 2 "  spread sheet 
developed by John Hilsinger for the Kachema~ Bay shrimp program. 
The length frequencies for each station's catch were then 
transferred into another "Lotus 2 "  spread sheet that converted 
the number of shrimp in each size category into percentage of 
total measured in the sample. The percentages at each station 
were weighted by a correction factor, computed as the species 
weight of each station's catch divided by the total species catch 
of all stations. Finally all stations' weighted length 
frequencies were combined into length frequency histograms by 
area caught for each spring and fall survey. 
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