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PREFACE 

Th is  species p r o f i l e  i s  one o f  a s e r i e s  on coas ta l  aqua t i c  organisms, 
p r i n c i p a l  l y  f i s h ,  o f  s p o r t ,  commercial, o r  eco log i ca l  importance. The p r o f i  l e s  
a re  designed t o  p rov ide  coasta l  managers, engineers,  and b i o l o g i s t s  w i t h  a b r i e f  
comprehensive sketch of t h e  b i o l o g i c a l  c h a r a c t e r i s t i c s  and environmental 
requirements o f  t h e  species and t o  descr ibe  how popu la t i ons  o f  t h e  species may be 
expected t o  r e a c t  t o  environmental changes caused by coasta l  development. Each 
p r o f i l e  has sec t ions  on taxonomy, 1 i f e  h i s t o r y ,  eco log i ca l  r o l e ,  environmental 
requirements, and economic importance, if app l i cab le .  A t h r e e - r i n g  b inde r  i s  
used f o r  t h i s  s e r i e s  so t h a t  new p r o f i l e s  can be added as they  a r e  prepared. 
Th is  p r o j e c t  i s  j o i n t l y  planned and f inanced by t h e  U. S. Army Corps o f  Engineers 
and t h e  U.S. F i s h  and W i l d l i f e  Serv ice.  

Suggestions o r  quest ions rega rd ing  t h i s  r e p o r t  should be d i r e c t e d  t o  one of 
t he  f o l l  owing addresses. 
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CONVERSION TABLE 

MeBric t o  U.S. Custanary 

EL1 t i p l y  

m i l l  imete rs  (mn) 
cent imeters (cm) 
meters (m) 
k i  1  ometers ( km) 

2 
square meters (m ) 
square k i  1  m e t e r s  ( km2) 
hectares (ha)  

l i t e r s  ( 1 )  
cub ic  ineters (m3) 
cub ic  meters 

m i l  1  igrams (mg) 
grams ( g )  
k i lograms ( kg )  
m e t r i c  tons ( t )  
m e t r i c  tons 
k i  1  ocal o r i e s  ( kca l  ) 

Ce ls ius  degrees 

inches 
inches 
f e e t  ( f t )  
fathoms 
m i l e s  (m i )  
nau t i ca l  m i les  (rani) 

square f e e t  ( f t 2 )  
acres 2 
square m i l e s  (mi ) 

!& To Obta in  

inches 
inches 
f ee t  
m i l  es 

square f e e t  
square i n i l  es 
acres 

gal 1  ons 
cub i c  f e e t  
acre- f e e t  

0.00003527 ounces 
0.03527 ounces 
2.205 pounds 

2205.0 pounds 
1.102 s h o r t  tons 
3.968 B r i t i s h  thermal u n i t s  

1 . 8 ( ' ~ )  + 32 Fahrenhe i t  degrees 

U.S. Customary t o  M e t r i c  

gal  1  ons ( gal ) 3.785 
cubic  f e e t  ( f t 3 )  0.02831 
ac re - f ee t  1233.0 

ounces (02)  28.35 
pounds ( l b )  0.4536 
s h o r t  t ons  ( t o n )  0.9072 
B r i t i s h  thermal u n i t s  (B tu )  0.2520 

m i l  1  imete rs  
cen t imeters  
meters 
meters 
k i l ome te r s  
k i  1  one te rs  

square meters 
hectares 
square k i l ome te r s  

1 i t e r s  
cub i c  meters 
c u b i t  meters 

grains 
k i  1  og rams 
m e t r i c  tons 
k i  1  ocal o r i  es 

Fahrenhei t  degrees 0.5556("F - 32) Ce ls ius  degrees 



CONTENTS 

Page 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PREFACE i i j  
CONVERSIONTABLE . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i v 
FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v i  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ACKNOWLEDGMENTS v i i  

. . . . . . . . . . . . . . . . . . . . . . .  NOMENCLATURE/TAXONOMY/RANGE 1 
. . . . . . . . . . . . . . . . . . . . .  MORPHOLOGY/IDENTIFICATION AIDS 1 
. . . . . . . . . . . . . . . . . . . . .  REASON FOR INCLUSION I N  SERIES 4 

LIFE HISTORY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
Mat ing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
EggsandFecund i t y  . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
Larvae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Juven i les  7 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Adul ts  8 

. . . . . . . . . . . . . . . . . . . . . . . . .  GROWTH CHARACTERISTICS 9 
THE FISHERY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

Commercial F ishery  . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
S p o r t F i s h e r y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 

ECOLOGICAL ROLE . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
ENVIRONMENTALREQUIREMENTS . . . . . . . . . . . . . . . . . . . . . . .  13 

Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
S a l i n i t y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 
Temperature-Sal in i ty  I n t e r a c t i o n s  . . . . . . . . . . . . . . . . . . .  14 
Substrate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 

LITERATURECITED . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 



FIGURES 

Number 

1 

2 

3  

4 

5 

Page 

Dungenesscrab . . . . . . . . . . . . . . . . . . . . . . . . .  1 

D i s t r i b u t i o n  o f  the  Dungeness crab i n  t h e  P a c i f i c  Northwest . . 2 

Abdominal d i f f e rences  between female and male Dungeness crabs . 3 

L i f e  c y c l e  stages o f  t he  Dungeness crab. . . . . . . . . . . . 6 

Changes i n  dry  weight  over t ime o f  t h ree  age c lasses o f  
Dungeness crabs i n  Grays Harbor, Washington . . . . . . . . . . 10 

Growth, based on mean carapace width,  o f  O+ crabs from 
set t lement  as 7-mm f i r s t  i n s t a r s ,  i n  May through November. . . 10 

Dungeness crab 1  andi ngs by season f o r  i n d i v i d u a l  P a c i f i c  
Coast States and the Province o f  B r i t i s h  Columbia, 1955-83. . . 11 

Dungeness crab egg brooding per iods  a t  var ious l abo ra to ry  
seawater temperatures.  . . . . . . . . . . . . . . . . . . . . 13 



ACKNOWLEDGMENTS 

We g r a t e f u l l y  acknowledge t h e  reviews o f  t h i s  manuscr ipt  by David Somerton, 
Nat iona l  Marine F i she r ies  Serv ice,  Sea t t l e ,  and Paul Dinnel  , F ishe r ies  Research 
I n s t i t u t e ,  U n i v e r s i t y  o f  Washington, Sea t t l e .  We thank Val i Frank f o r  her  
ass is tance w i t h  t h e  graphics. P a r t i a l  support f o r  David Armstrong t o  acqu i re  and 
analyze some of the  o r i g i n a l  data i n  t h i s  r e p o r t  was provided by Washington Sea 
Grant. 





Figure  1. Dungeness crab. 

DUNGENESS CRAB 

S c i e n t i f i c  name . . .  Cancer magister  
Dana 

Pre fer red common name . .Dungeness 
crab (Figure 1) 

Other common names . . .  P a c i f i c  e d i b l e  
crab, e d i b l e  crab, market crab, 
commercial crab 

Class . . . . . . . . . .  .Crustacea 
Order . . . . . . . . . . . .  Decapoda 
I n f r a o r d e r  . . . . . . . .  .Brachyura 
Family . . . . . . . . . .  .Cancridae 

Geographic range: Coastal waters 
a long t h e  west coast  o f  Nor th  
American from Unalaska I s l a n d  i n  
the  n o r t h  t o  Mexico i n  t h e  south 

(Schmi tt 1921 ; MacKay 1943; B u t l e r  
1961a; Mayer 1973). The species 
ranges from t h e  i n t e r t i d a l  zone t o  a 
depth o f  a t  l e a s t  98 fathoms and 
i n h a b i t s  subst ra tes  o f  mud, mud w i t h  
eelgrass (Zostera sp.) and sand 
(Schmi tt 1921; B u t l e r  1956; B u t l e r  
1961a; Stevens 1982). The d i s t r i -  
b u t i o n  o f  t h e  Dungeness crab i n  t h e  
P a c i f i c  Northwest and t h e  p o r t s  o f  
major commercial 1 andings are  shown 
i n  F igure  2. 

MORPHOLOGY/IDENTIFICATION AIDS 

Dorsal and v e n t r a l  anatomy o f  a 
Cancer crab i s  shown i n  Warner (1977). 
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Figure 2. Distribution of the Dungeness crab in the Pacific Northwest. 



The f o l  low ing morphol ogy and i d e n t i  fi- 
c a t i o n  a ids  were taken from Rudy and 
Rudy (1979). Size ( type specimen): 
carapace 120.7 mm l ong  x 177.8 mm 
wide. Color :  beige t o  l i g h t  brown 
w i t h  b l u e  t r i m  and hue, darkes t  
a n t e r i o r l y ,  o f t e n  1 i g h t  orange be1 ow, 
sometimes 1 i g h t  gray-purple below; 
i nne r  s ides o f  a n t e r i o r  f e e t  and hands 
crimson, f i n g e r s  n o t  dark. Eyes: 
eyes ta l  ks sho r t ,  o r b i t s  smal l .  
Antennae: antennul es f o l d e d  1 ength- 
wise: antenna1 f l a g e l  l a  sho r t ,  more o r  
1 ess ha i r y .  Carapace: b road ly  oval  , 
uneven b u t  n o t  h i g h l y  sculptured;  
granular .  Widest a t  1 0 t h  too th ,  no 
rostrum. F ron ta l  area: narrow w i t h  
f i v e  unequal t ee th ,  n o t  markedly 
produced beyond o u t e r  o r b i t a l  angles ; 
middle t o o t h  1 arges t ,  more advanced 
than o u t e r  p a i r ;  o u t e r  p a i r  form i n n e r  
angles o f  o r b i t .  Teeth: (antero-  
1 a t e r a l  ) ten,  count ing  o r b i t a l  t oo th ;  
w ides t  a t  1 0 t h  too th ,  which i s  l a r g e  
and p r o j e c t i n g ;  a1 1 t e e t h  po in ted ,  
w i t h  a n t e r i o r  separat ions.  Postero- 
l a t e r a l  margins: unbroken, e n t i  r e ,  
w i thou t  t ee th ,  meets a n t e r o - l a t e r a l  
margin w i t h  d i s t i n c t  angle. Abdomen: 
narrow i n  male, broad i n  female 
(Figure 3). Chel ipeds: f i n g e r s  n o t  
dark; dac ty l  spinous on upper sur face;  

f i x e d .  f i n g e r  much d e f l  exed; hand 
(propodus) w i t h  s i x  c a r i  neae on upper 
ou te r  sur face;  w r i s t  (carpus) w i t h  
s t rong  i n n e r  spine. Wal k i n g  legs: 
rough above; broad and f l a t  (espe- 
c i a l  l y  propodus and d a c t y l  us o f  1 a s t  
p a i r ) .  

Juveni 1 es: a n t e r o - l a t e r a l  and 
p o s t e r o - l a t e r a l  margins meet a t  a 
d i s t i n c t  angle; carapace w ides t  a t  
1 0 t h  too th ;  postero-1 a t e r a l  margi n 
e n t i r e ;  carpus o f  che l i ped  w i t h  
s i n g l e  spine above, f i n g e r s  l i g h t  
colored;  carapace n o t  as broad as 
adu l t s .  

The r e d  rock  crab,  Cancer pro- 
ductus, a l s o  has 10 an te ro - l a te ra l  
t e e t h ;  f r o n t a l  t e e t h  a re  subequal 
(no t  equal) and t h e  f r o n t a l  area' i s  
markedly pronounced beyond ou te r  
o r b i t a l  angles. Chel i ped  f i n g e r s  are  
b lack ;  carapace i s  w ides t  a t  e i g h t h  
antero-1 a t e r a l  too th .  

The rock  crab.  Cancer 
antennar i  us, 1 i ke C. productus, i s  
dark  r e d  w i t h  b lack - t i pped  chelae, i s  
w ides t  a t  t h e  e i g h t h  too th ,  b u t  i s  
red-spot ted  on i t s  v e n t r a l  surface. 
Cancer oregonensi s (Oregon Cancer 

F igure  3. Abdominal d i f f e r e n c e s  between female ( l e f t )  and male ( r i g h t )  Dungeness 
crabs. Only males, which possess a s lender  abdomen, may be kept  by s p o r t  and 
commercial crabbers. 
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crab) i s  a small ,  oval crab w i t h  12 
teeth.  Both cancer g r a c i l i s  and 
Cancer j o r d a n i  , two r a t h e r  uncommon 
species, have n ine teeth.  I d e n t i f i -  
c a t i o n  keys t o  the genus Cancer were 
prepared by Koz lo f f  (1974) and Car l  t o n  
and Kur is  (1975). 

REASON FOR INCLUSION I N  SERIES 

The Dungeness crab supports a 
valuable commercial and spor t  f i s h e r y  
along t h e  west coast  o f  the Uni ted 
States. It occupies eco log ica l  niches 
i n  both marine and es tuar ine waters 
and i s  important  as both  predator  and 
prey a t  a l l  l i f e  stages. Recent 
s tud ies  on the environmental 
consequences o f  dredging i n  es tua r ies  
have es tab l  i shed a s t rong  probabi 1 i ty 
t h a t  the Dungeness crab popu la t ion i s  
l i k e l y  t o  be se r ious ly  reduced by 
h a b i t a t  a1 t e r a t i o n  from dredging 
unless proper precaut ions are  taken t o  
reduce losses (Armstrong e t  a l .  1982; 
Stevens and Armstrong 1984). The loss  
o f  v i t a 1  es tuar ine h a b i t a t  cou ld  
s i g n i f i c a n t l y  reduce recru i tment  t o  
the  o f f  shore f i s h e r y  (Armstrong and 
Gunderson 1985). 

LIFE HISTORY 

Mat ing 

Dungeness crabs mate from A p r i l  
t o  September i n  B r i t i s h  Columbia 
(MacKay 1942; B u t l e r  1956), most ly i n  
March and A p r i l  (David Armstrong, 
Un ive rs i t y  o f  Washington, pers. comm. ) 
b u t  sometimes i n  May and June i n  
Washington (Cleaver 1949), and March 
t o  J u l y  i n  C a l i f o r n i a  (Poole and 
Gotshal l  1965). Mating usua l l y  occurs 
i n  o f f sho re  locat ions.  Premolt female 
crabs are  located by a d u l t  males f o r  
mating, poss ib l y  through a pheromonal 
homing system s i m i l a r  t o  those used by 
o ther  crab species (Knudsen 1964; 
Edwards 1966; H a r t n o l l  1969). The 
female i s  he ld  by t h e  male i n  a 
premating embrace up t o  7 days p r i o r  
t o  her mo l t i ng  (Snow and Nei lsen 

1966). Approximately 1 h a f t e r  
m o l t i n g  o f  the  female i s  completed, 
mating between the  hardshel l  male and 
s o f t s h e l l  female occurs. Mating 
invo lves the  i n s e r t i o n  o f  the  male 
gonopods i n t o  t h e  spermathecae o f  the  
female and the  depos i t i on  o f  spermato- 
phores. Fol  lowing copu la t ion,  the  
female may be embraced again by the 
male f o r  a p e r i o d  o f  up t o  2 days. 
Both pre-  and postmating embraces may 
serve t o  p r o t e c t  t h e  female from 
predat ion,  wh i le  i n s u r i n g  t h e  mating 
success o f  t h e  male by guarding the  
female aga ins t  o ther  males (Snow and 
Nei lsen 1966). The spermatophores 
deposi ted by the male i n  the  
spermathecae conta in  sperm t h a t  are 
v i a b l e  f o r  many months (MacKay 
1942), and which may remain v i a b l e  
through m o l t i n g  u n t i l  a second egg 
ex t rus ion  (Orcu t t  1978). Eggs are 
n o t  f e r t i l i z e d  u n t i l  ex t rus ion,  a t  
which t ime they are  at tached t o  the  
female pleopod setae and are c a r r i e d  
beneath t h e  abdominal f 1 ap (MacKay 
1942; Wi ld  1983; Stevens 1982). Eggs 
hatch i n  60 t o  120 days. 

Eggs and Fecundity 

Eggs are  extruded from September 
t o  February i n  B r i t i s h  Columbia 
(MacKay 1942; B u t l e r  1956), October t o  
December i n  Washington (Cleaver 1949; 
Mayer 1973), October t o  March i n  
Oregon (Waldrom 1958), and September 
t o  November i n  C a l i f o r n i a  (Orcut t  e t  
a l .  1976; Wi ld  1983). An egg mass may 
con ta in  from one t o  two m i l l i o n  eggs 
(Wi ld 1983), and a female may produce 
up t o  f i v e  m i l l i o n  eggs i n  th ree  o r  
f o u r  broods du r ing  her l i f e t i m e  
(MacKay 1942). Eggs are  pa le  wh i te  t o  
orange a t  ex t rus ion,  becoming progres- 
s i v e l y  darker i n  c o l o r  as they develop 
(MacKay 1942; C l  eaver 1949). 

Water temperatures and changes 
i n  water temperatures have consid- 
erab le  i n f l uence  on t h e  r a t e  o f  
egg development and m o r t a l i t y  a f t e r  
f e r t i  1 i z a t i o n  and spawning. When 
temperatures r i s e ,  t h e  r a t e  o f  egg 
development a l so  r i s e s ,  b u t  so does 



the r a t e  o f  mor ta l i t y .  I n  laboratory  
t es t s  (Wi ld 1983) eggs he ld  a t  9.4 OC 

hatched i n  123 days and a t  16.7 OC 

they hatched i n  64 days. A t  10 OC,  

685,000 larvae were produced per egg 
mass, whereas a t  16.7 OC,  14,000 l a r -  
vae were produced per egg mass. I n  
Simi 1 k Bay, Washington, egg m o r t a l i t y  
a t  15 OC was serious; a major increase 
i n  m o r t a l i t i e s  was t r iggered  by a 
water temperature increase from 10 OC 

t o  12 OC (Mayer 1973). 

Ep ib i o t i c  f ou l i ng  o f  Dungeness 
crab eggs has been l i n ked  t o  increased 
egg m o r t a l i t y  because o f  mechanical 
in ter ference w i t h  hatching and oxygen 
consumption (Fisher 1976; Fisher and 
Wickham 1976, 1977). Waters w i t h  high 
and r i s i n g  n u t r i e n t  l eve ls  caused 
increased fou l ing.  Egg predat ion by a 
nemertean worm, Carci nonemertes c- 
rans i s  thought t o  enhance the fou l -  
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i n g  o f  eggs through the 1 i be ra t i on  o f  
yo1 k dur ing feeding and by i t s  own 
defecat ion (wickham 1979a, 1979b). I n  
coastal waters near San Francisco, the 
estimated average annual m o r t a l i t y  
caused by predat ion o f  the worm on 
Dungeness crab was over 55% i n  1974-79 
when worm dens i t i es  were about 14 per 
1,000 eggs (Wickham 1979b). 

Eggs mature i n  about 2 t o  3 
months (Cleaver 1949; Orcut t  1978; 
Wi ld 1983). The hatching season 
commonly shortens from nor th  t o  south 
along the P a c i f i c  coast. Eggs hatch 
i n  coastal waters from December t o  
June i n  B r i t i s h  Columbia (but consid- 
erably l a t e r  i n  Queen Char lo t te  
Is lands) (MacKay 1942; But1 e r  1956), 
January t o  A p r i l  i n  Washington 
(Cleaver 1949; Armstrong e t  a l .  1981), 
December t o  A p r i l  i n  Oregon (Reed 
1969; Lough 1976), January t o  ea r l y  
March i n northern Cal i f o r n i a  ( W i  1 d 
1983), and l a t e  December t o  ea r l y  
February i n  cent ra l  Cal i f o r n i a  ( W i  1 d 
1983). 

Larvae 

Larvae emerge as prezoeae and 
mol t  t o  zoeae w i t h i n  about 1 h 

(Buchanan and Milleman 1969). The 
durat ion o f  the prezoeal per iod and 
the transformat ion t o  zoeae vary w i t h  
sal  i n i  t y  (Buchanan and M i  11 eman 1969). 

The larvae progress through f i v e  
zoeal stages before mol t ing i n t o  
megalopae (Figure 4; Poole 1966; Reed 
1969; Lough 1976). Zoeae f i r s t  appear 
w i t h i n  a distance o f  5-16 km from 
shore (Lough 1976; Orcut t  1977; R e i l l y  
1983a). Offshore movement and 
d i s t r i b u t i o n  o f  larvae probably i s  
regulated by a va r i e t y  o f  fac tors  
inc lud ing  depth, l a t i t u d e ,  tempera- 
tu re ,  s a l i n i t y  and ocean currents 
(Rei l  l y  1983a, 1985). Using mu1 t i p l e  
regression, the most important 
independent va r iab le  t h a t  d i s t r i b u t i o n  
o f fshore i s  co r re la ted  w i t h  i s  depth 
(Rei l  l y  1983a, 1985). D i s t r i b u t i o n  i s  
dependent upon the l a r v a l  stage and 
the larvae show a die1 pa t te rn  o f  
v e r t i c a l  d i s t r i b u t i o n ;  they are near 
the surface a t  n i gh t  ( R e i l l y  1983a, 
1985). There i s  considerable o f fshore 
movement o f  1 arvae t h a t  occurs dur ing 
the zoeal stages; the larvae appear t o  
be transported seaward from the  onset 
o f  hatchi  ng (Rei 1 1 y 1983a). 

The megalops (advanced) stage o f  
the Dungeness crab i s  found from May 
t o  September o f f  the coast o f  B r i t i s h  
Columbia. I n  Washington waters, the 
megalops f i r s t  appear i n  A p r i l  ; abun- 
dance peaks i n  May through June. I n  
Oregon waters, they are most abundant 
i n  A p r i l  and May (MacKay 1942; Cleaver 
1949; Bu t l e r  1956; Lough 1976; Stevens 
1982). This t rend  o f  abundance i nd i -  
cates 1 arva l  development begins 1 a te r  
proceeding from south t o  north. O f f  
Oregon, megalops are ca r r i ed  w i t h i n  1 
km o f  shore by t i d a l  cur rents  and by 
sel  f -propul  s ion (Lough 1976). 
Megalopae o f t en  are abundant on the 
hydrozoan Velel  l a  ve l e l  l a ,  when they 
are scarce o r  absent elsewhere i n  the 
water column (Wickham 1979c; Stevens 
and Armstrong 1985). W i  ckham (1979~)  
suggested t h a t  V. v e l e l l a  a ids i n  the 
movement and d i  ctri bu t ion  o f  mega1 ops , 
and poss ib ly  provides a food source 
and p ro tec t ion  from predation. 



Egg from 
female 

larval crab 
Figure 4. L i f e  cyc le  stages o f  t h e  Dungeness crab: zoea, megolops, p o s t l a r v a  
( j uven i l e ) ,  and adu l t .  

Larvae e a t  bo th  zooplankton and 
phytoplankton, b u t  zooplankton i s  most 
important  (Lough 1976). The 1 arvae 
capture food items w i t h  t h e  na ta to ry  
h a i r s  o f  t h e i r  max i l l i peds ,  and s i z e  
o f  food i s  a s e l e c t i o n  f a c t o r  (Lough 
1976; Armstrong e t  a1 . 1981 ). 

In format ion  on l a r v a l  p redators  
and p reda t ion  r a t e s  i s  scarce. Zoeae 
a re  thought t o  be consumed by numerous 
types o f  p l  a n k t i  vores (Stevens 1982) ; 
megalopae a re  preyed upon by many 
f ishes,  i n c l u d i n g  coho salmon 
(Oncorhynchus k isu tch)  and chinook 

salmon (0. tshawytscha), according t o  
O r c u t t  e t  a l .  (1976) and R e i l l v  
(1983b). Heavy p reda t ion  by s a l m h  
may have caused the  dec l i ne  o f  t he  
Dungeness crab catch  i n  the  San 
Franc i  sco Bay area (Rei 1 l y  1983b). 
There appears t o  be a d i r e c t  
re1  a t i o n s h i p  between coho salmon 
hatchery product ion  i n  Oregon and the  
magnitude o f  p reda t ion  on the  
mega1 opae i n  Cal i f o r n i a  waters (Rei 1 l y  
(1983b). I n  a study o f  food hab i t s ,  
t he  combined stomachs o f  e i g h t  coho 
salmon contained 1,061 mega1 ops 
(Orcu t t  1977); i n  a separate study 



(MacKay 1942) up t o  1,500 megalopae 
were r e p o r t e d l y  removed from a s i n g l e  
f i s h .  Pr ince and Gotsha l l  (1976) 
found Dungeness c rab megalops and 
i n s t a r s ,  t h e  stages between p o s t l a r v a l  
mol ts ,  t o  be t h e  most impor tan t  food 
i tems - o f  copper roc  k f  i i h  (Sebastes 
c a u r i  nus) i n  no r the rn  Cal i f o r n i a '  s 
Humbol d t  Bay. 

The abundance o f  a yea r  c lass  
depends p r i m a r i l y  on l a r v a l  s u r v i v a l  
t o  metamorphosis (Peterson 1973; 
Wickham e t  a l .  1976; McKelvey e t  a l .  
1980). Natura l  1 a r v a l  mor ta l  i ty  i s  
p robab ly  h igh  because o f  a combination 
o f  p redat ion ,  excess ive ly  h igh  o r  low 
water temperatures and f l u c t u a t i o n s ,  
a s c a r c i t y  o r  low q u a l i t y  o f  food, and 
cu r ren ts  a f f e c t i n g  d i s t r i b u t i o n  (Lough 
1976; Armstrong 1983). 

Juveni 1 es 

Most mega1 opae m o l t  i n t o  
j u v e n i l e s  i n  August o f f  t h e  coast  o f  
B r i t i s h  Columbia (Figure 4; MacKay 
1942; B u t l e r  1956), and i n  Apri l -May 
o f f  t h e  coasts of bo th  Oregon (Lough 
1976) and Washington (Stevens 1982). 
A f t e r  mol t ing ,  t h e  j u v e n i l e s  a re  
found i n  shal low coasta l  waters and 
es tua r ies ,  and l a r g e  numbers l i v e  
among ee l  grass (Zostera sp. ) o r  o the r  
aquat ic  vege ta t i on  t h a t  p rov ides  
p r o t e c t i o n  and subst ra te ,  and harbors 
food organisms f o r  e a r l y  i n s t a r s  
( B u t l e r  1956; O r c u t t  e t  a l .  1975; 
Stevens and Armstrong 1984, 1985). 
Recently, s h e l l s  o f  b i v a l v e s  such as 

a rena r ia  and Crassostrea g igas  
have been documented as verv  i m ~ o r t a n t  
h a b i t a t  f o r  young Dungeness' crabs 
(Armstrong and Gunderson 1985). I n  
c e n t r a l  Cal i f o r n i a  t he re  i s  evidence 
t h a t  movement o f  p o s t l a r v a l  Dungeness 
crabs i n t o  t h e  es tua r ies  takes p lace  
i n  May and June v i a  bottom cu r ren ts ,  
where they  s tay  f o r  11-15 months 
(Tasto 1983). Juven i les  a re  common i n  
es tuar ies ,  w h i l e  subadul ts  and a d u l t s  
a re  common o f fshore .  The importance 
o f  es tua r ies  t o  j u v e n i l e  Dungeness 
crabs has been discussed i n  d e t a i l  by 
Armstrong and Gunderson (1985) and 

Stevens and Armstrong (1985). 
Dungeness crab t a g  recovery data i n  
C a l i f o r n i a  show a r e g u l a r  p a t t e r n  o f  
movement o f  j u v e n i l e  crabs o u t  o f  
es tua r ies  and a random movement o f  
a d u l t  crabs i n  t h e  ocean ( C o l l i e r  
1983). Stevens and Armstrong (1985) 
noted t h a t  a l though mat ing may occur 
i n  t h e  estuary,  spawning takes p lace 
o f f sho re ,  which would be a major 
reason f o r  a d u l t s '  moving o u t  o f  the  
estuary.  

Juven i les  m o l t  11 o r  12 t imes 
p r i o r  t o  sexual m a t u r i t y  ( B u t l e r  1960, 
1961b). Carapace w i d t h  a t  t h e  f i r s t  
i n s t a r  v a r i e s  from about 5 mm t o  
g rea te r  than 8.5 mm (Cleaver 1949; 
Waldrom 1958; B u t l e r  1960, 1961b; 
Poole 1967). A f t e r  1 year  o f  growth 
beyond hatching,  most crabs i n  Bodega 
Bay, C a l i f o r n i a ,  a re  i n  t h e i r  8 th ,  
9 th ,  o r  1 0 t h  i n s t a r  (Poole 1967). By 
comparison, crabs from Grays Harbor, 
Washington, o n l y  a t t a i n  t h e  s i x t h  o r  
seventh i n s t a r  by t h e  end o f  t h e i r  
f i r s t  yea r  o f  l i f e  (Stevens and 
Armstrong 1984). Carapace w i d t h  (CW) 
a f t e r  t he  f i r s t  year  averages 44 mm i n  
Grays Harbor, w h i l e  t h e  range i s  63-94 
mm i n  Bodega Bay (Poole 1967; Stevens 
e t  a l .  1982). The crabs mature a f t e r  
about 2 years  ( B u t l e r  1961b) a t  
carapace w id ths  o f  about 116 mm f o r  
males and 100 mm f o r  females ( B u t l e r  
1960). 

The d i e t  o f  j u v e n i l e  crabs 
cons i s t s  l a r g e l y  o f  f i s h ,  mollusks, 
and crustaceans ( B u t l e r  1954; Gotsha l l  
1977; Stevens 1982). I n  Grays Harbor, 
Washington, fi r s t - y e a r  j uven i  1 es 
(60 mm CW feed p r i m a r i l y  on small  - 
m o l l  usks and crustaceans. Second- 
yea r  crabs, 61-100 mm CW, feed on 
f i s h  and p r e f e r  shrimp (Crangon spp. ; 
Stevens e t  a l .  1982). F i s h  a l s o  are  
impor tan t  t o  no r the rn  C a l i f o r n i a  crabs 
< 100 mm CW accord ing  t o  Gotsha l l  
(1977), b u t  B u t l e r  (1954) repor ted  
t h a t  crustaceans were t h e  pr imary  food 
among crabs o f  t h i s  s i z e  i n  t h e  Queen 
C h a r l o t t e  I s l ands ,  B r i t i s h  Columbia. 
Cannibal ism among Dungeness crabs has 
been noted by var ious  authors (MacKay 



1942; B u t l e r  1954; Tegel berg 1972; 
Gotsha l l  1977; Stevens 1982; Stevens 
e t  a l .  1982). Cannibalism was most 
p reva len t  among crabs < 60 mm CW which 
f e d  on smal ler  crabs o f  t h e  same year  
c lass ,  probably du r ing  m o l t i n g  
(Stevens 1982; Stevens e t  a l .  1982). 
Cannibalism i s  c i t e d  as a poss ib le  
cause o f  t h e  dramatic popu la t i on  
cyc les  c h a r a c t e r i s t i c  o f  the  Dungeness 
crab f i s h e r y  (Bots ford  and Wickham 
1978). 

Juveni les are  captured by a 
v a r i e t y  o f  demersal f i s h e s  i n  the  
nearshore area w i t h  var ious f 1 a t f  i shes 
( s t a r r v  f 1 ounder . P l  a t i c h t h v s  
i t e l  l a i u s ;  Engl i sh so le ,  Parophrys 
v e t u l  us ; and rock  so le ,  Lep idopset ta  
b i l i n e a t a )  be ing the  most impor tant  
(Rei 1 l y  1983b). Other predators  on 
j u v e n i l e  crabs a re  1 ing=od (Ophiodon 
elongatus), cabezon (Scorpaenichthys 
marmoratus), wo l f -ee ls  (Anarrhichthys 
ocel l a tus ) ,  r o c k f i s h  (Sebastes spp. ), 
and octopus (Octopus dof  1 e i  n i  ) 
according t o  Waldrom (1958) and O r c u t t  
(1977). Predat ion on Dungeness crabs 
may be seasonal i n  nature,  as observed 
i n  wh i te  sturgeons, Acipenser 
transmontanus (McKechnie and Fenner 
1971). Predat ion on Dungeness crabs 
may have a devasta t ing  impact as i n  
the  case o f  sea o t t e r s  (Enhydra 
l u t r i s )  i n  Orca I n l e t ,  Alaska (Kimker 
1985b). 

Adul ts 

At  about 4 years 01 d, most a d u l t  
Dungeness ma1 es i n  the  coasta l  waters 
o f  Washington are  o f  marketable s i z e  
(> 159 mm) (Cleaver 1949; Wi l l iams 
1979). Marketable crabs usual l y  o n l y  
mo l t  once a year  (MacKay 1942). The 
maximum l i f e s p a n  o f  Dungeness crabs i s  
8 t o  10 years. The maximum s i z e  
a t t a i n e d  i s  about 218 mm CW i n  males 
and 160 mm CW i n  females a t  t he  16 th  
i n s t a r  (MacKay 1942; But1 e r  1961b). 

Adu l t  Dungeness crabs are  found 
p r i m a r i l y  i n  the  ocean b u t  are  
a l so  abundant i n  the  i n l a n d  waters 
o f  Washington and B r i t i s h  Columbia. 

Along t h e  coast  o f  nor thern  
Cal i f o r n i a ,  l ega l - s i zed  and l a r g e  
sub lega l -s ized male crabs probably 
move o f f sho re  ( o f t e n  t o  t h e  south o r  
no r th )  i n  l a t e  summer, sometimes 
through e a r l y  w in te r ;  sometime i n  
w i n t e r  t h e  d i r e c t i o n  o f  movement i s  
probably reversed and the  crabs r e t u r n  
inshore. In terannua l  v a r i a t i o n  i n  the  
predominant d i r e c t i o n  o f  movement i s  
considerable (Gotshal l  1978). 
Recently, Col 1 i e r  (1983) has shown a 
random movement o f  a d u l t  crabs i n  the  
ocean. Many a d u l t  female crabs tagged 
o f f  t he  coast  o f  nor thern  Cal i f o r n i a  
moved r e l a t i v e l y  1 i t t l e  (about 2 km) 
a f t e r  1 year (Diamond and Hankin 
1985). Along the  coast  o f  southern 
Washington, l e g a l - s i z e d  ma1 es 
g e n e r a l l y  moved inshore and toward the  
es tua r ies  i n  f a l l  (Barry 1985). 

Clams are  the  most important  food 
o f  a d u l t  Dungeness crabs > 151 mm CW 
i n  nor thern  Cal i f o r n i a  ( ~ o t s h a l l  1977) 
and > 166 mm CW i n  B r i t i s h  Columbia 
( ~ u t l e r  1954). Crustaceans and f i s h  
are va luab le  foods o f  t he  a d u l t  
Dungeness crabs from both  S i m i l k  Bay 
and Grays Harbor, Washington (Mayer 
1973; Stevens e t  a l .  1982). Dungeness 
crab popu la t ions  a re  apparent ly  no t  
l i m i t e d  by the  abundance o r  s c a r c i t y  
o f  p a r t i c u l a r  foods; they are  somewhat 
nonspec i f i c  feeders which r e a d i l y  
a d j u s t  t o  var ious  foods (Gotshal l  
1977). They have developed an 
evo lu t i ona ry  n iche f o r  feed ing on 
mud-sand subst ra te  (Lawton and E lner  
1985). 

Crabs o f  d i f f e r e n t  ages o r  s izes  
tend t o  e a t  d i f f e r e n t  s i zes  o r  k inds 
o f  food (Stevens 1982; Stevens e t  a l .  
1982). According t o  Stevens e t  a l .  
(1982), crabs progress from e a t i n g  
b i va l ves  t h e i r  f i r s t  year, t o  e a t i n g  
shrimp (Crangon spp.) t h e i r  second 
year,  and f i n a l l y  t o  e a t i n g  j u v e n i l e  
t e l e o s t  f i s h  i n  the  t h i r d  year;  these 
s h i f t s  may be caused p u r e l y  by changes 
i n  mechanisms o f  food handl ing,  o r  
they  may have evolved t o  reduce 
compet i t ion  among age groups o f  
crabs. Crabs d i s p l a y  a d e f i n i t e  d ie1 



a c t i v i t y ;  t hey  a re  more abundant by 
day i n  t h e  s u b t i d a l  area and more 
abundant a t  n i g h t  i n  t h e  i n t e r t i d a l  
area; t h e  response i s  p o s i t i v e l y  
c o r r e l a t e d  w i t h  food ava i  l a b i  1 i ty 
(Stevens e t  a l .  1984). Cannibal ism i s  
common among adu l t s ,  b u t  no 
c o r r e l a t i o n s  have been made between 
t h e  r a t e  o f  cannibal ism and abundance 
(Stevens 1982; Stevens e t  a l .  1982). 

GROWTH CHARACTERISTICS 

I n  Dungeness crabs, l i k e  o the r  
crustaceans, growth proceeds i n  steps 
through a se r i es  of mol ts .  The general 
process o f  crustacean growth has been 
descr ibed by Barnes (1974) and Warner 
(1977). The number o f  mo l ts  t h a t  a 
crab undergoes be fo re  becoming mature 
depends upon t h e  increment a t  each 
m o l t  and t h e  frequency o f  mo l t i ng ,  
bo th  o f  which vary  among crabs a t  
d i f f e r e n t  l oca t i ons .  Dungeness crabs 
grow i n  carapace s i z e  a t  m o l t  and ga in  
weight  between mol ts .  I n  o l d e r  crabs 
the  growth, as measured by t h e  pe rcen t  
change i n  carapace w id th ,  dec l ines  as 
t h e  frequency o f  m o l t i n g  slows down, 
b u t  t h e  r a t e  o f  weight  g a i n  o f  t h e  
crabs increases over t ime. The 
probabi  1 i ty o f  annual mol ti ng i n  
female Dungeness crabs dec l i nes  f rom 
about 1.0 f o r  crabs o f  130-135 mm CW 
t o  0.0 f o r  crabs o f  155 mm CW and 
1 arger  (Hanki n e t  a1 . 1985). 

Among p o s s i b l e  a t t r i b u t e s  o f  
es tua r ine  res idence suggested by 
Stevens and Armstrong (1984) i s  an 
enhanced growth r a t e  compared t o  t h a t  
o f  s i b l i n g s  o f  a year  c lass  t h a t  
s e t t l e  o f fshore .  S ize  a t t a i n e d  by 
j u v e n i l e  crabs w i t h i n  c e r t a i n  pe r i ods  
a f t e r  metamorphosis seems t o  be 
somewhat dependent on l a t i t u d e  and on 
t ime  o f  se t t lement .  Extreme es t imates  
o f  age a t  sexual m a t u r i t y  range f rom 
as l ong  as 4-5 years i n  B r i t i s h  
Columbia (MacKay and Weymouth 1935) t o  
1 year  i n  San Francisco Bay, where t h e  
crabs reach a carapace w i d t h  o f  100 
mm which i s  u s u a l l y  assoc ia ted  w i t h  
sexual m a t u r i t y  (Tasto 1983). More 

genera l l y ,  crabs a r e  p r e d i c t e d  t o  
reach m a t u r i t y  a t  t h e  end o f  t h e i r  
second yea r  a f t e r  metamorphosis o r  i n  
t h e i r  t h i r d  growing season over much 
o f  t h e  coast  ( B u t l e r  1961b; Cleaver 
1949). While age and s i z e  a t  sexual 
m a t u r i t y  may no t  d i f f e r  s u b s t a n t i a l l y  
a long t h e  coasts, est imates o f  growth 
r a t e s  of newly s e t t l e d  O+ crabs do. 

Several s tud ies  o f  j u v e n i l e  
growth r a t e s  i n d i c a t e  t h e  process i s  
acce lera ted i n  es tua r ies  o r  w i t h i n  
nearshore coas ta l  embayments where 
water  temperatures a re  re1  a t i v e l y  
high. Stevens and Armstrong (1984) 
s tud ied  growth o f  0+ and 1+ juven i l es  
i n  Grays Harbor and found t h a t  6 
months a f t e r  metamorphosis (May t o  
October) O+ c rab  averaged 40 mm i n  
carapace w i d t h  and by 1 year  were 50 
mm. Crabs aged O+ i n  Washington 
coasta l  e s t u a r i e s  may m o l t  s i x  t o  
e i g h t  t imes i n  t h e  f i r s t  summer 
growing season a f t e r  which the  
frequency apparent ly  dec l i nes  w i t h  t he  
onset  o f  w i n t e r  and l a r g e r  s ize.  A 
dramat ic  i n d i c a t i o n  o f  seasonal growth 
was demonstrated where growth was 
based on change i n  d r y  weight  over 
t ime;  r a p i d  growth o f  t h e  0+ crabs i n  
Grays Harbor r e s u l t e d  i n  a 280- fo ld  
increase i n  14 months, and t h e  growth 
r a t e  of a l l  age c lasses dec l ined 
beg inn ing  i n  l a t e  summer o f  1980. 
Rapid growth i n  e a r l y  summer and 
midsummer o f  1980 was n o t  repeated i n  
summer o f  1981 (F igure  5). 

Popu la t ions  o f  O+ crabs t h a t  
s e t t l e  d i r e c t l y  o f f sho re ,  as w e l l  as 
1+ nearshore crabs, grow s i g n i f i c a n t l y  
s lower than those i n  t h e  es tuary  
(Armstrong and Gunderson 1985). 
Young-of-the-year crabs i n  Grays 
Harbor grew from a f i r s t  i n s t a r  s i z e  
o f  7 mm i n  May t o  a mean carapace 
w i d t h  o f  38.3 mm ( s i x t h  i n s t a r )  by 
October; O+ crabs o f f sho re  had o n l y  
reached a mean w i d t h  o f  18.9 mm i n  
November when they  were a m ix tu re  o f  
t h i r d  and f o u r t h  i n s t a r s .  Mean bottom 
water  temperatures i n  t h e  es tuary  
were 15-16 O C  d u r i n g  t h i s  t ime,  
w h i l e  those o f f sho re  were 8.5-10 OC, 



Figure  5. Changes i n  d ry  weight  over  
t ime o f  t h ree  year classes (1978, 
1979, and 1980) o f  Dungeness crabs i n  
Grays Harbor, Washington. Growth 
ra tes  (=  k )  are  expressed as g/g d ry  
weight per u n i t  t ime. Note the r a p i d  
growth o f  O+ i n  the  summer o f  1980 and 
the dec l i ne  i n  growth o f  a l l  year  
classes i n  the  f a l l  o f  1980 (Stevens 
and Armstrong 1985). 

which may account f o r  t he  growth 
d i f f e r e n c e  (F igure  6). Young-of-the- 
year  j uven i l es  o f f sho re  o f  San 
Francisco Bay i n  t h e  G u l f  o f  t h e  
Faral lones a l so  grow s u b s t a n t i a l l y  
slower than es tua r ine  crabs (Tasto 
1983): t h e  data  show O+ crabs a t  
about 28-30mm, w h i l e  i n  t he  es tuary  a  
good p ropo r t i on  o f  t h i s  age group were 
up t o  60 mm i n  w id th .  

Dungeness crab growth i s  q u i t e  
v a r i a b l e  a long t h e  P a c i f i c  coast. 

F igure  6. Growth, based on mean 
carapace w id th ,  o f  O+ crabs from 
set t lement  as 7-mm f i r s t  i n s t a r s  i n  
May through November. Bar = + 1 SD. 
Grays Harbor popu la t i on  shown as 
c i r c l e s  (GH). Of fshore  popu la t i on  
shown as t r i a n g l e s  (0s). Mean bottom 
water  temperatures a t  t h e  t ime o f  
sampling a re  a l so  shown f o r  some 
samples (Armstrong and Gunderson 
1985). 

However, i n  general ,  i t  i s  somewhat 
slower i n  t h e  no r the rn  p a r t  o f  t h e  
range (Washington and B r i t i s h  Col um- 
b i a )  when compared t o  t h e  southern 
p a r t  o f  t he  range ( C a l i f o r n i a ) .  

THE FISHERY 

Commercial F ishery  

Commercial 1  andings o f  Dungeness 
crab on the  P a c i f i c  coast  have 
f l u c t u a t e d  w ide ly ,  almost c y c l i c a l  l y ,  
over  t h e  p a s t  30 years (F igure  7) and 
have been reviewed by Armstrong 
(1983). According t o  Peterson (1973), 
commercial 1  andi ngs were h ighes t  1.5 
years a f t e r  a  p e r i o d  o f  s t rong  
upwell  i ng i n  Cal i f o r n i a  and Oregon, 
and 6  months f o l l o w i n g  a  s t rong  
upwell  i n g  i n  Washington, a l though the  
b i o l o g i c a l  sense o f  t h i s  conc lus ion  i s  
much i n  doubt. B o t s f o r d  and Wickham 
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Figure  7. Dungeness crab landings by season f o r  i n d i v i d u a l  P a c i f i c  
Coast Sta tes  and t h e  Province o f  B r i t i s h  Columbia, 1955-83 ( P a c i f i c  
Marine F i s h e r i e s  Commission 1983). 



(1975) chal  1 enged t h i s  concl us ion by 
us ing auto c o r r e l a t i o n  t o  show t h a t  
commercial landings are  c y c l i c  b u t  
upwell  i n g  i s  not. 

Another theory  t o  exp la in  ca tch  
f 1 uc tuat ions  suggests t h a t  per iods  o f  
h igh  l e v e l s  o f  cannibal ism and/or 
i n t e r s p e c i f i c  compet i t ion  may cause a 
dec l i ne  i n  t h e  f i s h e r y  3 o r  4 years 
l a t e r  (Bots ford  and Wickham 1978). I n  
a model p r e d i c t i n g  recru i tment  , 
McKel vey e t  a1. (1980) d iscounted 
cannibal ism as a f a c t o r  and contended 
t h a t  changes i n  egg and l a r v a l  
s u r v i v a l  have regu la ted  popu la t i on  
success. Larva l  s u r v i v a l  may be 
s e r i o u s l y  a l t e r e d  by a combination o f  
environmental f a c t o r s  t h a t  can cause 
increased mor ta l  i ty i f  unfavorable f o r  
even sho r t  per iods  o f  t ime  (Lough 
1976). Stevens and Armstrong (1981) 
i n d i c a t e  t h a t  diseases caused by 
var ious  organisms (bacter ia ,  Protozoa, 
o r  f ung i )  may be respons ib le  f o r  mass 
m o r t a l i t i e s  o f  a d u l t  crabs. 

Predat ion may have a profound 
impact on t h e  Dungeness crab 
commercial f i s h e r y  i n  c e r t a i n  
geographic areas (Kimker 1985b). 
R e i l l y  (1983b) theo r i zes  t h a t  hatchery 
re leased coho salmon from t h e  Columbia 
R ive r  cont inue t o  suppress t h e  
Dungeness crab f i s h e r y  through 
extensive predat ion.  

Landings o f  Dungeness crab from 
1954 t o  1983 are  broken down by Sta te  
and Province i n  F igu re  7. I n  general ,  
t h e  land ings i n  Washington (except f o r  
Puget Sound), Oregon, and Cal i f o r n i a  
f o l l  ow s imi  1 a r  t rends.  Landings from 
Puget Sound and B r i t i s h  Columbia are 
lower b u t  show l e s s  annual v a r i a t i o n .  
Alaska landings bear 1 i t t l e  r e l a t i o n  
t o  o ther  areas o f  t h e  P a c i f i c  
Northwest. The Alaska catch  o f  15.6 
m i l l i o n  pounds i n  1981 was a reco rd  
f o r  Alaska, b u t  Washington coasta l  
crab landings o f  2.6 m i l l i o n  pounds i n  
t h e  same year  were t h e  lowest  i n  30 
years (Demory 1982). Recent reviews 
o f  t h e  commercial Dungeness crab 
f i s h e r y  have been pub1 i shed f o r  A1 aska 

(Eaton 1985; Kimker 1985b; Koeneman 
1985; M e r r i t t  1985), B r i t i s h  Columbia 
(Jamieson 1985), Washington (Barry 
1985), Oregon (Demory 1985), and 
C a l i f o r n i a  (Dahl strom and W i l d  1983; 
Warner 1985). 

Sport  F i  shery 

Sport  ca tch  data are  scarce and 
according t o  Bar ry  (1985) t h e  
Washington s p o r t  f i s h e r y  on Dungeness 
crabs amounts t o  l e s s  than one 
percent  o f  t h e  annual commercial 
harvest. Most o f  t h e  a v a i l a b l e  s p o r t  
ca tch  data  are  from a survey repo r ted  
by W i l l  iams (1979). He revealed 
t h a t  from A p r i l  through August 1974, 
471 crabs were taken i n t e r t i d a l l y  
a t  Mission Beach, Washington, by 735 
s p o r t  crabbers. A p r i l ,  May, and 
June produced the  best  spo r t  catches 
w i t h  t h e  h ighest  average catches 
occu r r i ng  on low t i d e s  t h a t  ranged 
from -0.60 t o  -0.74 m. A e r i a l  
surveys made over Puget Sound beaches 
us ing  Wi l l i ams '  (1979) survey data  
est imated t h a t  t h e  beaches o f  
Washington S ta te  probably supported 
about 20,000 crabbers du r ing  those 
months i n  1974. I n  1975, t h e  spo r t  
crab p o t  f i s h e r y  alone (o ther  spo r t  
ca tch  methods a re  r i n g  nets,  d i p  
nets,  and hook and l i n e )  accounted 
f o r  t h e  harvest  o f  about 300,000 
Dungeness crabs (Tegel berg  1976). 
Only male crabs may be taken i n  t h e  
s p o r t  f i s h e r y  (Figure 3). I n  
Washington t h e r e  i s  a minimum s i z e  
o f  6 o r  6.25 inches carapace w id th  
(depending on t h e  area), measured 
d i r e c t l y  i n  f r o n t  o f  t h e  10 th  
a n t e r i o l a t e r a l  spines. I n  Oregon 
t h e  minimum s i z e  i s  6.25 inches, 
measured s i m i l a r l y .  The spo r t  catch 
i s  p r i m a r i l y  found i n  Hood Canal, 
Puget Sound, and t h e  major P a c i f i c  
coast  es tuar ies .  

The Sta te  of Oregon has sought t o  
l i m i t  t h e  c o n f l i c t  between s p o r t  and 
commercial crabbers by r e s t r i c t i n g  
commercial crabbing t o  t h e  middle o f  
t h e  week and t o  the  use o f  spo r t  gear 
(Demory 1985). 



ECOLOGICAL ROLE va r ied  i n v e r s e l y  w i t h  seawater 

Dungeness crabs consume a wide 
v a r i e t y  o f  food organisms and are  prey 
t o  numerous predators.  Crabs 
c o n t r i b u t e  t o  several t r o p h i  c 1 eve1 s 
as they  progress through successive 
l i f e  stages. The la rvae  l a r g e l y  
consume p lankton (Lough 1976) and are  
preyed upon by numerous f i shes. 
Adul ts and j u v e n i l e s  are  preyed upon 
by sea o t t e r s ,  f i shes ,  and octopuses 
( B u t l e r  1954; Wal drom 1958; Stevens 
1982; R e i l l y  1983b; Kimker 1985b). 
Cannibal ism i s  common and probably 
exerc ises some c o n t r o l  over abundance. 
I n  t h e i r  var ious  l i f e  stages, 
Dungeness crabs feed on a v a r i e t y  o f  
mo l l  usks, crustaceans, and f i s h  
species (Stevens e t  a l .  1982). Other 
in format ion  on the  eco log i ca l  r o l e  o f  
each l i f e  stage i s  g iven i n  t h e  l i f e  
h i s t o r y  sect ion.  

ENVIRONMENTAL REQUIREMENTS 

Temperature 

The temperature preferences o f  
a d u l t  crabs a re  d i f f e r e n t  among 
seasons (Mayer 1973). They are  
somewhat t o 1  e ran t  o f  abrupt  
temperature and sa l  i n i  t y  f 1 uc tuat ions  
(Cleaver 1949), and water temperatures 
from 3 t o  19 O C  were l i s t e d  as normal 
f o r  t he  Dungeness crab (Cleaver 1949). 

Dungeness crabs have d i f f e r e n t  
optimal water  temperatures a t  
d i f f e r e n t  stages. I n  the  l abo ra to ry ,  
Des Voigne (1973) repor ted t h a t  
opt imal  water temperature-s f o r  mat ing 
ranged from 12 t o  16 OC du r ing  l ong  
photoper i  ods. W i  1d (1973) noted an 
apparent t r e n d  towards crabs mat ing 
l a t e r  i n  co lde r  water i n  h i s  
l abo ra to ry  experiments, b u t  noted t h a t  
mat ing took  p lace  between 10 and 
17 O C .  I n  Washington coasta l  waters, 
where Dungeness crabs u s u a l l y  mate i n  
e a r l y  spr ing,  t he  bottom temperatures 
are  between 8 and 10 O C  (Armstrong, 
pers. comm. ). According t o  W i l d  
(1983), t h e  egg brooding per iods  

temperatures o f  9 t o  17 OC (Figure 8). 
Prolonged egg brooding per iods i n  
co lde r  water are  cons is ten t  w i t h  
pro1 onged occurrences o f  ovigerous 
crabs and coo le r  ocean temperatures as 
you move p rog ress i ve l y  northward along 
t h e  P a c i f i c  coast  (Wi ld  1983). 
Hatching success, considered as the  
number o f  la rvae t h a t  hatch from an 
egg mass, decreased as t h e  temperature 
increased from 10 t o  17 OC (Wi ld  
1983). Mayer (1973) found a s i m i l a r  
c o r r e l a t i o n  between egg morta l  i ty  and 
temperature w i t h  20% morta l  i ty  a t  
10 OC and 100% m o r t a l i t y  a t  20 OC. 

I 9 10 11 12 13 14 15 16 17 
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Figure  8. Dungeness crab egg brooding 
per iods  a t  var ious  l abo ra to ry  seawater 
temperatures (Wi ld  1983). 

Optimal temperatures f o r  1 arvae 
a re  10 t o  14 OC. Juven i le  crabs, 
80 mm wide and accl imated t o  10.0 OC, 

have been exposed t o  water tempera- 
tu res  up t o  25.0 OC f o r  7 days w i t h  
l i t t l e  o r  no m o r t a l i t y  (Des Voigne 
1973); however, an increase o f  2.5 OC 

above 25 OC was f a t a l  t o  100% o f  a l l  
crabs tes ted.  I n  the  labora tory ,  
a d u l t  crabs had a maximum t o l e r a b l e  
temperature o f  25 OC du r ing  long 
photoperiods, which decreased t o  20 OC 

when exposed t o  s h o r t  photoperiods 



(Des Voigne 1973). With a d u l t  crabs 
he ld  f o r  8 months, Wi ld  (1983) 
observed t h a t  m o r t a l i t y  increased w i t h  
temperature from 17% a t  10 OC t o  58% 
a t  13 OC and t o  80% a t  17 OC, a l though 
laboratory  s t ress  probably exacerbated 
the  e f f e c t  o f  h igh temperatures. 

Sal i n i  t y  

Tolerance t o  sa l  i n i  ty va r ies  
among the l i f e  stages o f  the Dungeness 
crab. I n  general, sa l  i n i  t y  i s  n o t  as 
important as temperature t o  egg 
development and hatching, b u t  t h e  
la rvae are h i g h l y  s e n s i t i v e  t o  changes 
i n  sa l  i n i  t y  (Buchanan and M i  1 leman 
1969). The percentage o f  eggs 
hatching was optimum a t  15 ppt ,  b u t  
hatching occurred t o  some degree over 
a wide range o f  s a l i n i t i e s  between 10 
p p t  and 32 p p t  (Buchanan and Milleman 
1969). When sa l  i n i  ty  was i ncreased 
from 15 p p t  t o  32 ppt ,  t he  average 
prezoeal pe r iod  was reduced from about 
60 min t o  less  than 11 min. A t  a 
s a l i n i t y  o f  10 ppt ,  no prezoeae molted 
t o  zoeaea, b u t  100% molted a t  30 p p t  
(Buchanan and Milleman 1969). The 
h ighest  su rv i va l  f o r  la rvae was 
between sa l  i n i t i e s  from 25 p p t  and 30 
p p t  (Reed 1969). Surv iva l  decreased 
w i t h  s a l i n i t y  and was poorest  a t  
s a l i n i t i e s  o f  15 p p t  (Reed 1969). No 
j u v e n i l e  o r  a d u l t  to lerance l e v e l s  are 
ava i l ab le  i n  the  l i t e r a t u r e  a t  t h i s  
time. 

Temperature-Sal i n i  t y  I n t e r a c t i o n s  

S a l i n i t y  and temperature are  both  
r e l a t e d  t o  l a r v a l  s u r v i v a l .  S i g n i f i -  
cant  i n t e r a c t i o n  e x i s t s  between 
these two f a c t o r s  w i t h  s a l i n i t y  
b u f f e r i n g  temperature. A t  favorab le  

temperatures, unfavorable s a l i n i t i e s  
r e s u l t e d  i n  complete morta l  i ty, b u t  
favorab le  s a l i n i t i e s  a t  unfavorable 
temperatures a1 1 owed some su rv i va l  
(Reed 1969). The most obvious e f f e c t  
on growth r a t e  occurred a t  tempera- 
tu res  t h a t  r e s u l t e d  i n  t h e  best  
su rv i va l .  S a l i n i t i e s  t h a t  favored 
s u r v i v a l  genera l ly  had 1 i t t l e  e f f e c t  
on zoeal growth. Surv iva l  o f  zoeae i s  
opt imal  between the water temperatures 
o f  10.0 and 13.0 OC and s a l i n i t i e s  o f  
25 and 30 p p t  (Reed 1969). The 
s i g n i f i c a n t  i n t e r a c t i o n  between tem- 
pera ture  and s a l i n i t y  d i c t a t e s  caut ion 
when making statements about e i t h e r  
v a r i a b l e  independent o f  the  o the r  one. 
The e f f e c t s  o f  temperature o r  s a l i n i t y  
alone on C. magister  zoeae do not  
appear t o  cause la rge  f l u c t u a t i o n s  i n  
zoeal s u r v i v a l  i n  t h e  ocean (Reed 
1969; Lough 1976). 

Substrate 

Adu l t  crabs are found l i v i n g  over 
several subst ra te  types (Schmitt 1921; 
Cleaver 1949; B u t l e r  1956), b u t  they 
p r e f e r  sandy-mud bottoms (Karpov 
1982). E a r l y  j uven i les  p r e f e r  beds o f  
eelgrass, s h e l l ,  o r  sandy mud (Stevens 
and Armstrong 1984). This preference 
may stem from an abundance o f  food 
organisms on such substrates o r  
perhaps the  crabs f i n d  s h e l t e r  from 
predat ion there  (Stevens 1982). Older 
crabs seem less  dependent on 
ep ibenth ic  cover and can be found over 
more exposed substrates. Most crabs 
remain i n  the  sub t ida l  environment, 
b u t  may venture i n t o  l i t t o r a l  areas a t  
h igh  t i d e  (Stevens e t  a l .  1984). This 
behavior i s  enhanced by t h e  presence 
o f  p re fe r red  food i tems and decreased 
du r ing  low s a l i n i t i e s  f o l  lowing heavy 
ra ins .  
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16. Abstract (Limit: 200 words) 

Species p r o f  i l e s  are 1 i t e r a t u r e  summaries o f  the  taxonomy, morphology, range, 1 i fe 
h i  s to ry ,  and environmental requirements o f  coasta l  aquat ic  species. They are designed t o  
a s s i s t  i n  environmental impact assessment. The Dungeness crab (Cancer magister)  i s  found 
o f f  the coasts o f  Washington, Oregon, and southern B r i t i s h  Columbia, as w e l l  as i n  the  
es tuar ine  waters o f  t h i s  geographic area. It i s  a s h e l l f i s h  h i g h l y  p r i z e d  and sought 
a f t e r  by both commercial and spo r t  fishermen. I n  Washington and Oregon, on ly  male crabs 
may be r e t a i ned  by spo r t  and commercial fishermen. Commercial c rab catches are h i g h l y  
va r i ab l e  from year t o  year,  b u t  t he  catches from Washington and Oregon f o l l o w  a very 
s i m i l a r  pa t te rn .  The h ighes t  spo r t  catches take p lace  on low t i d e s  ranging from -0.60 t o  
-0.74 m. Dungeness crab go through a l i f e  c yc l e  t h a t  invo lves  several  metamorphic stages: 
zoea, mega1 ops , post1 a r va l  crab, and a d u l t  crab. Hatching success decreases as water 
temperature increases from 10 t o  17 OC;  t he  opt imal  temperature f o r  l a r v a l  crabs i s  
between 10 and 14 OC. S a l i n i t y  i s  n o t  as impor tant  t o  egg development and hatch ing as 
temperature, b u t  optimum hatch ing occurs a t  about 15 ppt .  
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DEPARTMENT OF THE IWTERIOR 
U.S. FISH AND Wl lDL lA SERVICE 

As the Nation's principal conservation agency. the Department of the Interior has respon- 
sibility for most of our .nationally owned public lands and natural resources. This includes 
fostering the wisest use of our land and water resourcm, protecting our fish and wildlife, 
preserving thsenvironmental and cultural values of our national parks and historical places, 
and providing for the enjoyment of life through outdoor recreation. The Department as- 
sesses our energy and mineral resources and works to assure that their development is in 
the best interests of all our people. The Department also has a major responsibility for 
American Indian reservation communities and for paople who live in island territories under 
U.S. administration. 




