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1  lie  Dungeness  crab.  Caneer  magister,  is  the  main  crustacean  species  exploited  in  Ihe
northeastern  Pacific  from  central  California  to  Isodiak,  Alaska.  Abundance  along  the  coast
South  of  British  Columbia  has  fluctuated  in  a  generally  cyclical  manner  which  a  number
Of  studies  have  tried  to  explain,  hut  several  unre luted  competing  hypotheses  currently
remain  preventing  resolution  ot  [his  question  A  combination  ot  mechanisms  seems  a  likely
fjossibiliiy  arid  additional  data  appears  necessary  before  understanding  is  achieved.  Thtre5  general  agreement  thai  fluctuation  in  catch  is  a  reflection  ot  variable  vear-class  strength
and  recent  studies  ut'  larval  and  0+  crab  have  investigated  the  importance  of  abiotic  and
biotie  factors.  Dungeness  crab  are  regionally  untque  in  that  while  many  of  their  pelagic
larvae  move  tens  o\'  kilometres  offshore,  they  must  return  to  shallow  water  to  survive  as
juveniles.  Oceanographic  jncl  meteorological  conditions  seem  lobe  particularly  influential
in  determining  the  magnitude  of  dispersal  and  onshore  movement,  and  the  conditions  which
allow  successful  settlement  off  Vancou\  K  Island  have  now  been  described.  Strong  settle-

ment does  not  necessarily  equate  v*  nh  a  strong  year  class  al  harvesting,  though,  and  biotIC
factors  primarily  determine  survival  of  juvenile  crab.  Finally,  there  is  increasing  evidence
that  the  crab  population  in  Georgia  Strait  and  Pugei  Sound,  i.e.  in  the  Inland  sea'  inside  of
Vancouver  Island,  may  he  a  distinct  Stock  with  dispersal,  recruitment  and  population
dynamics  characteristics  unique  Irnrn  the  population  round  DH  the  ipcil  DUtBt  i  d  I
Comparison  of  common  features  between  the  tv.  i  i  ..  1 5  is  allowing  evaluation  of  the
relative  importance  of  major  factors  influencing  population  .ibnndai  and  ultimately.
landings.  □  Dungeness  zrbb,  (  aacrt  wugt\tcr.  fishery,  reertutment.  Utnve,  dispersed,
population  dynamies,  northeast  Pacific.
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Studies  of  larval  and  juvenile  stages  of  com-  mate  adult  abundance  fiom  measures  of  l>-v  <t
mercial  Dccapoda  have  generally  been  done  to  abundance  and  female  fecundity.  Nichols  p(  ./
purposes  ot  describing  ecology,  reproductive  hi-  (  I9S7J  calculated  female  stock  biomass  of  Ne-
oiogy.  population  dynamics,  habitat  require-  phtops  lobster  in  the  Irish  sea  from  estimates  of
mems,  and  predator/prey  relationships.  While  larval  production  and  female  fecundity  and  in-
quantitative  studies  of  calch-per-unit-efforl  corporated  these  data  into  a  multi-species  t
(CPUE)  and  density  have  been  used  to  estimate  oflobstcr  and  cod  interaction.  Application  oi  this
the  next  year's  recruitment  for  incorporation  into  same  technique  was  used  by  Nichols  and  Thorn-
fisheries  management  plans,  data  have  been  pson  (1 9SS)  to  estimate  stock  size  of  the  edible
rarely  amenable  for  accurate  predictions  in  crab,  Cancer  pogun/s,  Similarly,  Incze  et  al.
excess  of  one  year  (Cobb  and  Caddy.  1989).  (1987)  accounted  for  significant  differences  in
Although  predictive  capability  is  a  desirable  interannual  densities  of  larval  tanner  crab
aspect  for  management,  in  the  case  of  Dccapoda,  (Chionoecetcs  opilio)  based  on  quantitative
ihis  is  often  frustrated  because  of  high  seasonal  changes  in  number  of  adult  females.  How
and  spalial  variability,  as  well  as  tremendous  their  suggested  relationship  did  not  hold  in  all
interannual  variability,  causedbyasuiteof  biotie  years  of  their  study,  nor  did  11  apply  well  to  u
and  abiotic  factors  (Jamieson,  1986a,  b;Botsford  congener,  C.  bairdi.
el  al,  1989).  This  is  particularly  the  case  for  Use  of  indices  of  juvenile  abundance  in  Dcca-
quantitative  data  on  larvae,  and  such  data  are  poda  to  predict  aduft  spawning  slocks  or  relative
typically  of  limited  use  in  definition  of  stock-re-  strength  of  fisheries  have  only  been  dcvcl
eruitment  relationships  or  prediction  of  ultimate  successfully  in  a  few  instances.  Relative  ycar-
year-class   strength   in   the   fishery.   class   strength   of   juvenile   rock   lobster   (Panulirus

Only  a  few  attempts  have  been  made  to  csti-  cygnus),  as  measured  by  an  index  of  puerulus
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settlement,  was  c;  \f  \  e  bred  to  the  strength  of  com-
mercial  fisheries  four  vcars  later  (Caput!  and
Browi.    198$;  Phillips,  |9$fc  Phi  flips  and
Brown,  1989).  A  similar  approach  was  used  in
slock-recrur.mcnt  analyses  of  blue  crab  (Cia/-

rtessaptdus)  populations  in  Chesapeake  Bay
(Tang,  JslS5).  A  more  thorough  study  was  re-

cently presented  by  Lipcius  and  Van  Entjel
(1990)  based  on  a  thirty  year  time  scries  of  data,
from  which  they  concluded  that  a  significant
correlation  exists  between  juvenile  abundance
and  spawning  stock  size

In  (his  paper,  we  review  recruitment  oi  Dtiflge-
ness  crab,  Cuncer  magister  Dana,  Considering
all  three  major  i  .  %  embryo,  larvae  and
juveniles.  We  define  recruitment  as  abundance
change  between  consecutive  life  history  stages,
culminating  ultimately  in  an  annual  increase  in
abundance  "of  the  fished  population  since  larger
crabs  only  moult  once  annually.  We  emphasise
recruitment  to  both  larvae  and  juvenile  life  his-
lorv  stages,  since  these  are  periods  of  great  mor-

;»nd  generally  the  times  when  relative
viuf-cl ass  strengths  at  recruitment  to  the  fisher;.
aTe  typically  established  for  this  species,  Events
progressively  occurring  throughout  the  life  his
tory  cycle  are  discussed  as  Ihese  will  bear  on  the
abundance  of  crabs  at  each  successive  life  his
tory  stage  leading  to  recruitment  to  fhe  fishery.

also  consider  recruitment  in  four  major  geo-
graphic regions:  1)  the  outer  coast  from  San

Francisco,  California,  to  Cape  Flattery.  Wash-
ington; 2)off  the  west  coast  of  Vancouver  Island:

3)  irorth  of  Vancouver  Island  to  Kodiak  Island,
Alaska;  and  4)  the  Georgia  Strait-Puget  Sound
(GS-PS)  complex.  These  specific  loeationswerc
selected  on  the  basis  of  broad-scale  oceano-

graphy boundaries,  unique  occanographic  sin-
gularities, and  available  oata  on  local  Dungeness

crab  population  dynamics.

DUNGEKESS   CRAB   LTFE   HISTORY

Dungeness  crab  ranges  from  the  Pribilofs  Is-
lands to  Magdalcna  Bay,  Mexico,  in  the  north-

eastern Pacific  (Hart.  I9S2;  Jensen  and
Armstrong,  1987)andjs  commercially  exploited
from  northern  California  to  Kodiak,  Alaska.  This
spatial  distribution  overlaps  generally  recog-

nised occanographic  domains  (Dodimead  et  fl/„
1963;  Thomson.  1981;  Ware  and  McFarlafle,
1989)  (or  coastal  areas  of  the  nonhf.isijrn
Pacific  Ocean,  arid  this  probably  infill*
served  recruitment  patterns  and  makes  causative
generalisations  inappropriate  for  the  coast  as  a
whole.

Dungeness  crab  have  a  relatively  long  pelagic
larval  period,  with  five  zocal  stages  and  one

megalopa!  stage  before  settlement  to  the  ben-
thos. Total  larval  period  is  about  110  days  at

ambient  temperatures  (Poole.  1966;  Lough,
1 976,  Reilly,  1 983 ),  with  about  28  days  spent  as
mcgalopac  (Hatfield,  1983).  It  is  somewhat
unique  among  ncarshorc  benthic  species  in  that
a  portion  ol  its  larvae  is  commonly  found  con-

siderable distances  offshore,  with  later  stage
totB  and  early  stage  megalopae  tending  to  be
found  furthest' offshore  (Reilly,  1983;  Jamieson
and  Phillips.  1988.  Jamieson  et  al.  1989).  Late
intermoult  stage  megalopae  are  found  in  abun-

dance progressively  closer  inshore  (Hatfield.
1983;  Jamieson  and  Phillips,  1988),  but  mecha-

nisms which  would  bring  mcgalopac  located
more  than  about  30-40  km  offshore  to  appro-

priate ncarshore  locations  (<64  m  depth)  for
enhanced  survival  as  juveniles  (Carrasco  el  a/..
1985)  have  not  yet  been  satisfactorily  deter-

mined (Jamieson  et  a/ ,  1989).  Offshore  move-
ment presumably  facilitates  larval  dispersaJ,  but

it  may  be  that  most  nearshore  settlement  results
from  those  larvae  which  remained  shoreward  of
region-specific,  mostly  as  yet  undetermined,
occanographic  boundaries.

Most  larval  settlement  is  typically  tn  May  and
June  along  the  outer  coast,  with  settlement  in
both  estuarine  and  nearshore  locaiions.  Much
rL-eeni  studv  in  Washington  (Gundetson  et  a/.,
1990)  has  bctn  focused  on  the  relative  impor-

tance of  some  of  the  region's  major  estuaries
(Willipa  Bay  and  Grays  Harbor,  Washington),
compared  with  the  area  shoreward  of  the  50  m
isobath  along  the  outer  coast,  in  terms  o(  their
habitat  contribution  to  overall  regional  recruit-

ment. Juvenile  dynamics  of  Dungeness  cr3h  in
both  these  locations  have  been  relatively  well
described,  and  it  has  become  evident  that  consid-

erable annual  variation  can  occur.  Female  crab
extrude  their  first  egg  mass  as  2  y-olds  at  about
113  mm.  notch-to-notch  carapace  width  (CW),
while  Indies  are  larger  than  females  at  puberty
and  be^in  mating  successftllly  at  about  140  Bttn
CW  (3"y olds).  M ales  mostly  recruit,  to  the  Fished
population  al  3— i  y  of  age.*

THE   PHYSICAL   ENVIRONMENT

Regional  Circulation
The  general  surface  current  pattern  over  the

continental  shelf  has  been  described  by  a  number
of  recent  reports,  including  Hickev  (1979. 1989),
Frceland  et  til  (19S4),  and  Thomson  en  <n\
(1989).  The  west  coast  of  Vancouver  Island
borders  the  bifurcation  zone  Of  the  Subarctic
Current,  an  extensive,  albeit  poorly  defined,

al  How  inc.  cros>-Pactfic  surface  current  (Fig.
Seaward  of  the  continental  shelf,  this  current
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splits  inlo  the  pole-ward  flowing  Alaska  Current
and  the  equator-ward  flowing  California  Cur-

rent. Direct  observation  of  apersisteni  norihward
near-surface  flowoff  Vancouver  Island  indicates
that  the  uffshore  circulation  there  is  dominated
by  the  Alaska  Current  (Thomson  et  aL,  1989),
Duogencss  crah  occur  in  rwo  ol  the  three  princi-

pal oceanographic  domains  recognised  by  Ware
:mj  McKarlane  ( 1989),  namely  the  Coastal  Up-
welling  and  the  Coastal  Downwclling  Domains
(Fig-  2)  The-  former  extends  from  Baja  Cal-

ifornia to  the  northern  tip  of  Vancouver  Island
and  is  defined  by  the  noimal  summer  pattern  of
wind  stress  curl  and  Ekman  divergence,  i.e.  up-
welling  (Parrish  et  ai,  1981)  Generally  north-

west winds  from  May  to  September  result  in  a
southward-flowing  Shelf- Break  Current  (SBC)
centred  on  the  outer  margin  of  the  continental
shelf.  This  causes  upwelling  of  intermediate
depth,  cold  water  onto  the  continental  margin
and  offshore  transport.  Southwest  winds  domi-

nate this  Domain  during  the  winter,  causing
downwclling,  onshore  transport  and  poleward
transport  of  surface  waters  In  a  seasonal  current
called  the  Davidson  Current.  The  annual  transi-

tion between  the  predominantly  upwelling  and
downwelling  seasons  occurs  in  the  spn  ng(IVlar.-
Apr)  and  fall  (Scpt.-Oei.)  wiih  the  seasonal
reversal  in  prevailing  alongshore  winds  and  cur-

rents (Thomson  et  al,  1989).
The  Coastal  Downwclling  Domain  extends

from  the  northern  tip  of  Vancouver  Island  rvoitli-
ward  along  the  coast  of  southeast  Alaska
then  westward  along  the  Aleutian  Islands.  I  he
Alaska  Current  Hows  adjacent  to  the  COasi  Ol
North  America  seaward  of  the  COSSta]  margin
beingdrivenby  a  *a  ind  stress;,  url  and  augmented
by  freshwater  addition  and  an  along-sborc\
wind-induced  sea  level  gradient.  Freshwater
runoff  causes  a  poleward  flowing  coastal  cur-

rent, extending  to  aboul  40  km  offshore,  The
Iransition  in  prevailing  coasted  winds  in  the
spring  is  weak,  bul  due  to  the  general  behaviour
of  the  cyclonic  meteorological  systems  in  the
region,  wind  stress  tends  to  augment  the  baru-
clinic  component  of  the  coastal  circulation  bv
confining  it  close  to  shore.  As  a  consequence,
from  central  British  Columbia  north  to  about
Kodiak  Island,  there  is  a  generally  persistent
<townwelling  except  for  a  few  months  in  h.
summer  (Ware  and  McFarlane,  1989).  The
southern  boundary  of  this  Domain  is  not  sh&rplj
defined  from  a  strictly  ooeanographicviewpomi

The  continental  snelf  of:  Vancouver  Island.
although  no;  a  recognised  Domain  itself,  being
part  of  the  Coastal  Upwelling  Domain,  has  a
unique  oceanographic  feature  which  foi  Dunge-

ncss crab  makes  this  area  intermediate  between

the  two  Domains  discussed.  The  outflow  from
Juan  deFuca  Strait,  beingol  lower  density  runoff
from  rivers  entering  the  GS-PS  complex,  forms
die  source,  ol  the  Vancouver  Island  Coastal  Cur-

rent |  VICC).  This  is  a  persistent  pole-ward  flow-
ing coastal  current,  confined  mostly  landwaTdof

the  100  m  isobath  on  (he  continental  shelf,  that
extends  r©  about  the  northern  lip  of  Vancouver
Island  (Thomson  et  al,  1989).  After  the  sprine
transition,  this  current  flows  eounrer  to  the  pre-

vailing northwesterly  winds  along  the  outer
coast  and  the  Shelf  break  Current  while  after  the
fall  tiansition,  it  flows  with  and  merges  wilh  the
Davidson  Current,

Toi'OCjfcAPHY
Washington,  Oregon  and  Califormn  typically

have  broad,  extensive,  sandy  beaches  extending
for  scores  ot  kilometres,  with  few  bays  or  head-

lands The  coasl  of  British  Columbia  and  south-
east Alaska  is  mostly  rocky  and  fjordal,  with

many  headlands,  islands,  small  bays,  and  rela-
tively small,  crescent-shaped  beaches.  Dungc-

ncss  ciab  most  commonly  occur  in  a  habitat  ol
extensive  sand,  and  so  available  optimal  habitat
1$  generally  less  north  o(  Washington  State.

GeoTgia  Strait  and  Puget  Sound  consist  of  a
variety  of  h&bH&tS,  with  fjordal  inlets  predomi-

nant on  the  eastern  side  m  Canada  and  gently
sloping,  gravel-sand  bottoms  predominant  in
Pugel  Sound  and  the  southeastern  side  of  Van-

couver Island- The  GuJf  and  San  Juan  Islands  are
in  the  middle  ot  thi*  region  and  have  mostly
sleep,  reeky  shores,  which  arc  of  marginal  suita-

bility lite  Dungeness  crab.

LIFE   HISTORY   STAGES   AND   THEIR
RECRUITMENT

Pahfst  Population  *Nl    i       -i>
Tht   nimM'/e   pelagic   larva]   duration   of

Dunger.ess  crab  m  areas  ol  strong  along-shore
ocean  currents  apparently  prevents  development
of  discrete,  genetically  distinctive  populations
on  (be  Outer OO06I  (SoufdandTasto.  19S3).  There
is  no  evidence  Id  sugges;  lhal  crab  larvae  have
(he  navigaiional  afrilitv  lo  'home'  and  return  to
the  specific  location  where  they  were  hatched,  in
the  Coastal  Upwelling  Domain,  larvae  hatch  in
January-February  during  a  period  ol  strong,
northward-flowing  nearshore  currents,  which
about  two  months  later  typically  reverse  to  flow
equally  strongly  in  a. southerly  direction.  With  an
approximately  four  month  larval  period,  this
may  resuli  in  extensive  larval  dispersal.  Larvae

:h!ng  nil  northern  California  could  theoreti-
cally move  as  fa  as  British  Columbia

before  currents  reverse.  Similarly,  larvae  hatdv
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FIG.  2.  Approximate  areas  of  oceanic  domains  and
prevailing  current  directions  in  the  northeast  Pacific
Ocean  (modified  from  Ware  and  McFarlane,  1989).

ing  near  the  southern  boundary  of  the  Coastal
Downwelling  Domain  could  move  to  its  north-

ern boundary,  while  larvae  hatching  in  the  north-
ern part  of  the  Coastal  Upwelling  Domain  could

move  into  the  Coastal  Downwelling  Domain,
entirely  because  of  passive  transport.  The  con-

sequence is  that  considerable  mixing  of  progeny
hatched  at  different  sites  probably  occurs,
making  it  impossible  to  clearly  identify  the
parent  population  of  juveniles  that  recruit  at  any
particular  location.  As  discussed  by  Jamieson
(1986a),  the  extent  to  which  a  local  population
may  contribute  to  local  recruitment  is  unknown,
but  it  appears  with  available  data  to  be  slight.

It  is  illegal  to  harvest  female  Dungeness  crab
in  Alaska,  Washington,  Oregon  and  California.
Although  this  can  legally  be  done  in  British
Columbia  if  females  exceed  the  minimum  legal
size  (MLS)  of  155  mm  CW  (=  165  mm,  spine-
to-spine  carapace  width),  in  practice,  few  are
harvested  because  of  poor  market  demand,  since
meat  yield  is  less,  and  there  is  a  general  lack  of
sufficiently  large  female  crab.  The  size  limit  for
males,  although  not  known  to  be  based  on  any
documented  biological  data,  presumably  allows
successful  mating  to  regularly  occur  since  in
most  locations  many  female  crab  caught  during
the  winter  carry  extruded,  fertilised  eggs  (Jamie-

son  and  Armstrong,  unpubl.).  Jamieson  (1986a)
discussed  in  detail  the  available  data  supporting
assumptions  relating  to  crab  fecundity,  and  con-

cluded that  if  maximising  reproductive  potential
is  an  identified  goal,  then  insufficient  data  are
presently  available  to  establish  what  relative
level  of  progeny  production  is  being  achieved.
Nevertheless,  although  commercial  landings
have  varied  substantially  over  time  (Fig.  3),  de-

tailed surveys  of  larval  occurrence  (Jamieson
and  Phillips,  1988;  Jamieson  et  al,  1989;  Jami-

eson, unpubl.)  have  consistently  found  wide-
spread high  levels  of  larval  abundance  over  the

continental  shelf  off  Vancouver  Island  and
Washington,  and  in  Georgia  Strait  in  the  five
years  studied  to  date.  Annual  settlement  of  larvae
has  varied  substantially  during  this  period  (Jami-

eson et  al,  1989),  suggesting  that  factors  other
than  overall  larval  production  are  the  major  de-

terminants in  establishing  year-class  strengths.

Larval  Settlement
Some  Dungeness  crab  larvae  occur  at  great

distances  offshore  and  while  this  no  doubt  facil-
itates and/or  is  the  result  of  species  dispersal,

there  is  always  the  risk  of  larval  wastage  in  that
many  larvae  may  never  return  successfully  to
geographic  areas  favourable  to  juvenile  survival.
It  has  not  been  established  how  far  offshore  most
larvae  which  do  settle  and  survive  have  actually
gone,  but  the  relative  lack  of  early-stage  mega-
lopae,  in  abundance,  in  close  proximity  to  shore
in  outer  coast  areas,  at  least  off  British  Columbia
and  Washington  (Jamieson  et  al,  1989;  Jamie-

son, unpubl.),  does  suggests  that  movement  in  at
least  the  kilometre  scale  can  be  expected.  As-

sumed aspects  relating  to  this  have  been  dis-
cussed in  detail  by  Jamieson  et  al  (1989),  and

they,  along  with  Jamieson  and  Phillips  (1988),
have  demonstrated  that  juvenile  recruitment  pat-

terns off  the  outer  coast  of  Vancouver  Island,
British  Columbia,  are  substantially  different
from  that  off  Washington,  Oregon  and  Cal-

ifornia (Fig.  3).
Outflow  from  rivers  emptying  into  the  GS-PS

complex  is  predominantly  through  surface  out-
flow in  Juan  de  Fuca  Strait,  and  this  outflow,  the

VICC,  subsequently  moves  northward  adjacent
to  the  coast  of  Vancouver  Island.  Crab  mega-
lopae  are  virtually  absent  in  this  current  and  are
concentrated  on  its  seaward  boundary  (Jamieson
and  Phillips,  1988;  Jamieson  etal,  1989).  It  thus
apparently  acts  as  a  barrier  to  the  movement  of
plankton  to  shore  (Thomson  et  al.,  1989),  and

FIG.l
arrows

Prevailing  surface  circulation  off  the  British  Columbia-Washington  coast
s  indicate  uncertain  currents.  Numbers  give  speeds  (cm  s"  )  (modified  fr

A,  winter.  B,  summer.  Broken
from  Thomson,  1981).
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FIG.  3.  Dungeness  crab  landings  by  political  jurisdic-
tion off  western  Nonh  America.

recent  study  by  Jamieson  and  Thomson  (un-
publ.)  indicates  that  megalopae  are  being  con-

centrated in  anareaof  upwelling  and  or  seaward
surface  current  movement  of  relatively  low
velocity  (1-5  cm  sec'1)  between  the  V1CC  and
the  SBC  (Fig.  4).  Shoreward  movement  of  sur-

face waters  is  associated  with  southerly  winds
(Fig.  5)  but  unless  sufficiently  intense  or  pro-

longed, such  movement  is  only  to  the  seaward
boundary  of  the  VICC  The  presence  of  the
VICC  seems  to  direct  most  up-wclled  water  off-

shore, while  because  of  the  shallow  depth  of  the
nearshore  portion  of  the  continental  shelf,  no
shoreward  movement  beneath  the  VICC  is
possible.  The  only  apparent  opportunity  for  sub-

stantial movement  to  the  shore  is  when  the  VICC
temporarily  breaks  down  because  of  cessation  of
the  surface  outflow  in  Juan  de  Fuca  Strait,  which
is  typically  associated  with  sustained,  strong
southerly  winds.  This  is  accompanied  by  a  rise
in  mean  coastal  sea  level,  enhanced  wind  and
convective  mixing  of  surface  waters  and  the
cessation  of  upwelling  —  events  similar  to  those
which  occur  during  and  after  the  Fall  Transition
(Thomson  etai,  1989).  From  a  crab  recruitment.

major  recruitment  on  the  west  coast  of  Vancou-
ver Island  is  thus  only  possible  when  appropriate

meteorological  events  occur  when  megalopae
are  present  and  ready  to  settle,  namely  May  and
June  (Jamieson  and  Phillips,  1988).  This  does
not  always  occur,  and  since  1983,  major  crab
settlements  at  Tofino,  British  Columbia,  were
only  observed  in  1983  and  1989  (Smith  and
Jamieson,  1989a;  Jamieson,  unpubl.).  Little
settlement  occurred  from  1985  to  1987,  while
there  was  only  limited  settlement  in  1988.

South  of  Cape  Flattery,  located  at  the  southern,
seaward  end  of  Juan  de  Fuca  Strait,  the  absence
of  a  'barrier'  current  adjacent  to  the  coast  means
that  settlement  is  not  physically  impeded  by
nearshore  currents,  although  years  of  excep-

Line   G,   June   1989
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FIG.  4,  Abundance  of  Dungeness  crab  megalopae  in
acmss-shelf  transects  in  relation  to  depth-  The  north-
flowing  Vancouver  Island  Coastal  Current  is  mostly
shoreward  of  100  m  depth,  with  the  south-flowing
Shelf-Break  Current  on  the  seaward  side
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FIG.  5.  Tracks  of  9  drifters  deployed  along  a  iransect  off  Tofino,  British  Columbia,  on  June,  1986.  Marks  along
each  track  indicate  the  position  of  each  drifter  at  noon  on  the  day  (the  adjacent  2-digit  number)  indicated.
Four-digit  numbers  refer  to  the  hour  the  drifter  was  deployed  and/or  retrieved  (from  Jamieson  et  aL,  1989).

tional  settlement  are  also  typically  sporadic.  The
temporal  pattern  of  settlement  along  the  Ameri-

can coast  has  shown  an  annual  variability  in
magnitude  of  about  ten-fold,  with  no  obvious
similarity  to  that  off  Vancouver  Island.  Major
landings  have  occurred  about  every  9-10  y  (Fig.
3)  and  causative  mechanisms  have  been  hy-

pothesised and  discussed  extensively  (Jamieson.
1986a;  Methot,  1989;  Botsford  et  a/.,  1989).  A
satisfactory  explanation  has  yet  to  be  fully  estab-

lished. While  larvae  have  been  observed  in  abun-

dance over  most  of  the  continental  shelf,  some
data   suggest   (R.A.   McConnaughey,   Univ.
Washington,  Seattle,  WA,  pers.  comm.)  that  in
years  of  major  settlement  off  Washington,  most
larvae  may  never  move  far  from  shore.  This,
coupled  with  that  area's  extensive  favourable
habitat,  increases  larval  survival  at  settlement.

There  have  been  no  studies  of  relative  larval
distribution  and  abundance  off  Alaska.  Annual
commercial  landings  (Fig.  3)  do  not  show  the
same  pattern  evident  off  British  Columbia  or
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further  south,  but  this  may  be  because,  like  the
crab  fishery  in  British  Columbia  (Jamieson,
1985),  regional  landings  are  the  composite  of  a
number   of   distinct   regional   fisheries
(Koeneman,  1985;  Kimker,  1985;  Merritt.  1985;
Eaton,  1985).  Recruitment  patterns  in  each  re-

gion may  be  largely  disconnected,  giving  no
clear  pattern  for  the  region  as  a  whole.

Larval  settlement  patterns  in  the  GS-PS  com-
plex are  different  from  those  along  the  outer

coast.  Megalopae  settle  in  abundance  mostly
later  in  the  year  (August-September),  are
smaller  in  size,  and  show  some  minor,  although
perhaps  significant,  morphological  differences
(DeBrosse  et  al,  1990).  Recent  studies  of  meg-
alopal  spatial  and  vertical  distribution  (Jamieson
and  Phillips,  unpubl.)  in  Georgia  Strait  indicate
that  in  July,  megalopae  are  found  in  high  abun-

dance throughout  the  Strait  but  that  their  vertical
distribution  during  daylight  seems  to  differ  from
that  found  off  the  outer  coast  (Fig.  6).  In  the
Strait,  megalopae  appear  to  descend  to  depths  of
about  150  m  while  offshore,  they  are  seldom
found  in  quantity  below  about  40  m  (Jamieson
et  a/.,  1989).  While  megalopae  have  been  caught
below  100  m  on  the  outer  coast  (Jamieson,
unpub.data),  they  have  been  late  intermoult
stage,  suggesting  they  may  have  been  in  the
process  of  settling.  Dungeness  crab  megalopae
have  been  caught  as  deep  as  273  m  in  coastal
inlets  in  epibenthic  sled  tows  (Jamieson  and
Sloan,  1985),  a  depth  where  they  are  unlikely  to
survive  as  juveniles.

This  difference  in  megalopal  diel  migration
behaviour  has  interesting  consequences,  partic-

ularly if  zoea  from  the  two  regions  show  similar
differences   as   well.   Since   summer   water
temperatures  below  about  50  m  in  most  of  the
Strait  are  7-8°C  (Thomson,  1 98 1 )  [temperatures
on  the  outer  coast  at  25-50  m  depth  are  about
12-14°C  (Thomsons  a/.,  1989)]  and  daylight  in
July  is  about  twice  as  long  as  darkness,  growth
rate  would  be  reduced,  thereby  probably  extend-

ing the  larval  period  and  possibly  resulting  in
their  smaller  size  at  settlement.  It  also  could
result  in  stock  isolation,  since  the  surface  water
of  Juan  de  Fuca  Strait,  the  main  connection  be-

tween the  GS-PS  complex  and  the  Pacific
Ocean,  flows  predominantly  seaward  (Fig.  7)
while  water  below  about  80-100  m  flows  pre-

dominantly shoreward  (Thomson,  1981).  Geor-
gia Strait  megalopae,  which  may  spend  most  of

their  time  at  depth,  would  thus  tend  to  be  retained
within  the  GS-PS  complex  while  outer  coast
megalopae,  which  are  mostly  near  the  surface,
would  generally  be  prevented  from  entering  the
Strait.  Sustained  southerly  winds  can,  though,
temporarily  stop  the  outflow  of  surface  water  in

Megalopal   Day   Depth   Distribution
Georgia  Strait,  July  19,  1989
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Depth  (m)

Maximum  depth  ■  about  400

Megalopal   Day   Depth   Distribution
Outer  coast,  May  and  June,  1987

0-12  12-25 0-25  25-50
Depth  (m)

Maximum  Jopth  -  '400  m

FIG.  6.  Daytime  depth  distributions  of  megalopae  off
the  outer  coast  (modified  from  Jamieson  etal,.  1989)
and  Georgia  Strait.  Data  collected  with  Tucker  trawls
in  1987  and  1989,  respectively.

Juan  de  Fuca  Strait  and  the  penetration  of  outer
coast  water  (Fig.  8),  sometimes  containing  meg-

alopae (P.  Dinnel  and  D.  Armstrong,  unpubl.),
has  been  documented  (Thomson,  1981;  Thom-

son etal.,  1989).  However,  for  reasons  described
later,  this  is  mostly  on  the  American  side  of  the
Juan  de  Fuca  Strait  and  relatively  few  outer  coast
megalopae  would  seem  likely  to  penetrate  into
the  Canadian  waters  of  Georgia  Strait.

Juvenile  Survival
Upwelling  Domain:  Megalopae  settle  to  the

benthos  and  metamorphose  to  first  instar  juve-
nile crabs  primarily  between  May  and  June  along

the  coast  from  Northern  California  through
Washington  State  (Botsford  et  aL,  1989).  Most
studies  of  juvenile  crab  populations  in  this  area
have  been  descriptive  portrayals  of  distribution
and  abundance,   growth  and  size-at-instar
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FIG.  7.  Average  direction  of  water  How  in  cross
Uvin  of  Juan  de  Fuca  Slraii  from  Pillar  Point  (USA)
10  Port  Renfrew  (Canada).  Shaded  Is  a  seaward  How.
nn  shading  is  a  landward  flow  (hom  Thonv
1981  j.

(Cleaver,  1949;  Poole,  l%7).  There  have  been
few  quantitative  surveys  that  provided  estimates
o(  morality  or  indices  ol  year-class  strength,  hut
those  done  indicate  that  considerable  differences
in  survival  occur  within  a  region,  depending  on
both  abiotic  and  biotic  factors.  It  is  important  to
briefly  discuss  these  factors  in  considering  how
recruitment  is  mediated.

Although  larvae  may  occur  in  abundance  off
shore,  juveniles  for  the  most  part  seem  to  survive
only  in  nearshore  locations,  in  watei  generally
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shallower  than  40  in  (Guishall,  1978;  Carrasco
et  «/.,  1985).  Estimated  density  increases  ap-

proximately 20-  to  50-fold  as  depth  decreases
from  4 1-70  m  to  1 6-40  m  (Carrasco  et  al ,  1 985;
McConnaughcy  and  Armstrong,  unpubl.).  Even
inside  of  the  40  m  isobath,  density  of  U+-»04
crab  fluctuates  appreciably  because'  of  substrate
type.  His  highest  on  well  sorted  sand  and  lowest
on  gravel-cobble  (Fig.  9),  Trawl  samples  off
Grays  Harbor.  Washington,  in  1985  showed  0+
crab  densities  as  high  as  30,000  crab/ha  on  sand.
compared  to  only  about  20U/ha  on  gravel.  Post-
scillcmcnt  crab  growth  on  the  outer  coast  from
June  through  September  is  typically  relatively
slow-,  and  young-of-the-year  are  only  usually
about  third  tnstar  (13  mm  CW)  by  September
(Fig,  10;  Gunderson  et  aL  I99£j).  this  is  due  in
huge  part  to  bottom  water  temperatures  of  less
than  10X  in  this  upwelling  system.  As  a  con-

sequence of  small  size,  crab  mortality  is  high.
since  they  remain  susceptible  to  many  predators
(Retllv,  I983J  through  the  winter.  Even  numeri-

cally strong  year-classes  at  settlement,  such  as
that* of  19S5  (Gunderson  et  <t/.,  1990),  can  have
their  abundance  depleted  sufficiently  through
their  first  winter  to  become  unexceptional  dl
recruitment  to  the  fishery.

Quantitative  data  of  sufficient  0+  -*0+  v-class

FIG.  8.  Drawings  based  on  infrared  saielliie  images  ol  sea-sutfaee  temperatures,  showing  a  sequence  of
warm-water  intrusion  (heavy  stippling)  into  Juan  de  Fuca  Strait  from  the  Pacific  Ocean  in  September.  1979.
Ir.irusion  was  confined  to  the  southern  hall  of  the  Strait  *ncl  reached  p  maximum  of  135  km  from  the  entrance.
Four  days  after  the  cessation  of  the  causative  SOUtlWCSI  IVfodS*  the  seaward  estuarine  circulation  wa*
reestablished  and  the.  intrusion  began  in  be  .ukeeied  ojr  of  (he  Strafe  i*>om  Thomson.  1"
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FIG.  9.  Dungeness  crab  density  (number  ha'  )  offshore  of  Grays  Harbor,  WA,  June  1985.

survival  over  sequential  years  to  construct  in-
dices of  year-class  strength  and  determine

spawner-recruit  relationships  are  non-existent.
Gotshall  (J  978)  found  no  correlation  between  an
index  of  0+  crab  abundance  and  commercial
landings  3.5  y  later,  based  on  cursory  coastal  and
estuarine  surveys  in  northern  California.  How-

ever, Warner  (1987)  measured  0+  crab  density
in  fall  trawl  surveys  off  northern  California  from
1972  through  1985  and  noted  that  a  20-fold
greater  density  for  the  1972  year-class  sub-

sequently resulted  in  a  near-record  commercial
fishery  in  1976  (11,300  t).  Tasto  (1983)  and
Reilly  (1983),  who  estimated  the  abundance  of
benthic  juveniles  and  larvae  in  central  Cal-

ifornia, respectively,  both  observed  relatively
strong  year-classes  in  1975  and  1977,  which
were  consistent  with  an  increase  in  commercial
landings  for  California  in  1978-80  (Methot,
1989;  PMFC,  1989).

The  most  comprehensive  study  of  0+  Dunge-
ness crab  recruitment  and  survival  has  been  done

along  the  southern  Washington  coast  between
1983  to  1989  (Armstrong  and  Gunderson,  1985;
Gunderson  et  al,  1990).  While  they  found  that
high  interannual  variability  in  estimated  abun-

dance of  0+  crab  did  not  equate  well  to  the
strength  of  future  fisheries,  measures  of  1+  y-old
crabs  did.  The  high  abundance  of  1  +  crab  in  1 985

(1984  vear-class;  Fig.  1 1)  led  to  a  record  high
fishery  in  excess  of  10,000  t  in  1987/88  and
1988/89  (Fig,  3).  Unique  to  the  1984  year-class
was  unusually  rapid  growth  of  the  coastal  cohort
(Armstrong  and  Gunderson,  1985),  which  re-

7   8   9
MONTH

FIG.  10.  Comparison  of  0*-*0+  Dungeness  crab
growth  during  their  first  summer  inside  an  estuary
(Grays  Harbor.  GH)  and  on  the  outer  coast  in  near-
shore  waters  near  the  estuary  (NS).  Numbers  indicate
mean  bottom  water  temperature  (°C);  bar  =  1  SE)
(from  Armstrong  and  Gunderson  ,1985).
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FIG.  1 1.  Population  estimates  faf  If  and  1*  -Ht*  U
Dungenesscrahhy  month  and  yea:  gn  the  outer  mast
and  adjacent  estuaries  off  Washington.  Estuarine
data  for  1983-84  arc  for  Grays  Hnrbor  onlv,  but
include  Willapa  Bay  tor  19H5-87  (Irotn  tiunderson
etui,  1990),

suited  in  a  mean  size,  bj  fall,  of  about  22  mm
CW,  GundtTMJnc'/c;/.  (1950)  speculated  that  the
more  rapid  growth  of  this  year  class  increased
survival  over  fall  and  winter  and.  in  turn,  a  strong
1+  cohort  in  I9S5  (Fig.  1 1).  The  cause  o!  more
rapid  growth  in  1984  seemed  to  be  a  comhinalion
of  early  settlement  and  unusually  warm  bottom
water  temperatures  in  May  and  June.  1984,  com-

pared to  other  years  during  the  study.
Another  aspect  of  settlement  along  the  open

coast  in  the  Upwelling  Domain  is  direct  recruit-
ment of  juveniles  to  coastal  estuaries  (Fig.  12).

Settlement  there  can  be  high  in  both  intcrtidai
ttd  subtidal  areas,  although  in  the  subtidal.  mor-
lality  is  relatively  high  and  newly  settled  crab
quickly  disappear  (Dumbauld  and  Armstrong,
I9S7;  Gundcrson  et  a/.,  1990).  Optimal  habitat
in  the  intcrtidai  has  a  large  quantity  of  bivalve
shell,  notably  of  cultured  oyster  {Crassosrrea
gigas)  or  wild  softshell  clam  (Mya  arenaria)
(Armstrong  and  Gundcrson,  198$;  Dumbauld
and  Armstrong,  1987).  Estuarine  crab  also  bene
fit  from  higher  temperatures  and  aecder
growth  (Fig.  10).  By  September,  estuarine  Q-i
crab  are  approximately  35  mm  CW,  in  contrast
to  the  approximate!)  13  mm  CW  of  outer  ci
juveniles.  During  the  summer,  intcrtidai  crab
gradually  move  to  the  subtidal,  where  they  are
now  able  to  avoid  most  predators  by  virtue  of
their   greater   size   (Reilly,   I9$3).   However,
despite  high  inlertid.il  estuarine  abundances  of
U+  1-f  crab  abundance,  annual  I +  y-old  subtidal
estuarine  populations  are  fairly  constant  and
fluctuate  only  about  two-fold  (Fig.  1 1;  Gundcr-

son etal.i  1990).  This  had  led  to  speculation
estuaries  provide  a  relatively  stable  recruitment

source  to  the  fishery,  representing  a  significant
proportion  of  the  long-term  average  landing  in
coastal  fisheries*  Contrary  to  original  hypoitu
of  Armstrong  and  Gutxkrson  fl98>).  estuai
may  thus  not  be  the  source  of  particularly  strong
year-c lasses  that  cause  peaks  in  cycles  of  fisher-

ies landings  (Fig.  3).  Such  peaks  instead  seem  to
be  the  result  of  high  survival  of  0+  crab  that  settle
and  riviuu  dtrectlv  in  outer  coast  areas  (Gunder-
son  a*/.,  1990).

DowwvLLLiNC   Domain:   As   previously
noted,  this  region  is  topographically  quite  differ-

ent from  most  of  the  Upwelling  Domain  region.
General  life  history  and  fishery  information  on
the  species  has  been  summarised  by  Koeneman
(1985)  for  southeast  Alaska.  There  is  no  reason
to  assume  that  aspects  of  life  history  and  habita:
requirements  are  any  differed!  for  Dungcncss
crab  in  this  area,  but  the  timing  of  seasonal  life-
cycle  events  is  different  Settlement  of  larvae  is
later  and  typical  I  v  occurs  in  August  and  Septem-

ber. Although  fisheries  landings  do  not  show
cycles  of  the  same  magnitude  as  reported  along
the  coast  from  Washington  to  California,  sub-

stantial fluctuations  in  catch  probably  reflect
variability  in  year-class  size,  attributable  to  the
same  suite  of  biotic  and  abiotic  factors  hypothe-

sised to  affect  the  species  elsewhere  in  its  range
(Botsford  ft  oL.  1989).  The  downwclling  fea-

tures of  this  area,  as  previously  described,  ma\
serve  10  retain  larvae  nenishore  rather  than  en*
courage  long  distance  transport  in  the  Alaska
Current.  Larvae  may  thus  be  produced  and  re-

tained in  a  smaller  geographical  scale  and  pro-
geny may  recruit  to  areas  near  where  they  were

hatched.  No  systematic,  quantitative  long  time
scries  of  data  evisi  for  juvenile  Dungcncss  etab
recruitment  and  survival  |fj  this  Domain

Georgia   Strait,   Puget   Sound;   As   noted
earlier,  oceanographic  features  in  the  inland  sea
of  the  GS-PS  complex,  which  extends  across  the
border  between  Canada  and  the  United  States,
lead  to  unusual  conditions  that  may  result  in
maintenance  of  a  separate  stock  distinct  from
thai  on  i  he  unlet  coast.  Based  on  timing  of  settle
ment  and  size  of  first  msiai  juveniles,  P.  Dinn-el
and  D.  Armstrong  (unpubl.)  have  defined  at  i
two  cohorts  of  0+  crab  recruiting  to  Puget  Sound
in  May  through  September.  The  first  cohort
settles  in  May  and  June  and  juveniles  are  ap-

proximately 7-8  mm  CW,  comparable  in  size
with  outer  coast  crab  juveniles  (Gunderson^/dj'..
1 990).  This  outer  coasi  cohort  is  identical  in  size
10  cohort  V  reported  by  Orensanz  and  Gallucei
(1988).  Coastal  zoeae  or  megalopae  apparently
enter  the  GS-PS  complex  through  the  Strait  of
Juan  de  Fuca,  probably  either  in  surface  waters
when  surface  outflow  temporarily  ce-ascs  (Fig.
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FIG.  12.  Schematic  of  generalized  movement  and
distribution  of  megalopae,  0+  and  U  y-old  juvenile
crabs  between  the  nearshore  coast  and  Grays  Harbor
estuary.

8),  as  discussed  earlier,  or  at  depth  in  the  com-
pensating inward  flow  of  more  dense  water.  Be-

cause of  the  across-Strait  tilt  in  the  boundary  line
separating  net  seaward  flow  at  the  surface  and
net  landward  flow  in  the  lower  layer  (Fig.  7) due
to  the  combined  effects  of  the  Coriolis  force  and
channel  curvature  (Thomson,  I9.S1).  outflow
favours  the  Canadian  side  and  inflow  the  Amer-

ican side.  This  explains  why  most  settlement  of
outer  coast  crabs  in  the  Strait  and  GS-PS  has
been  observed  in  American  waters.

The  second  cohort  identified  by  P.  Dinnel  and
D.  Armstrong  (unpubl.)  settles  in  late  July  and
August  and  is  substantially  smaller,  with  a  first
instarsizeof  <5  mm  CW.  Because  of  settlement
later  in  the  summer,  this  'Puget  Sound*  cohort
(synonymous  wijh  cohort  *b*  of  Orensanz  and
Gallucci,  1988)  grows  relatively  little  in  its
settlement  year  and  typically  overwinters  in  the
intertidal.  Settlement  by  the  Puget  Sound  cohort
two  months  after  the  'outer  coast '  group  is  prob-

ably due  to  slow  growth  caused  by  cold  water
temperatures  in  the  central  part  of  the  GS-PS
complex.  Tidal  flow  among  the  American  San
Juan  Islands  and  Canadian  Gulf  Islands  brings  to
the  surface  the  denser,  colder  lower  water  layer,
and  this  vertical  mixing  of  the  water  column
results  in  surface  water  temperatures  which  are
colder  there  than  found  on  the  outer  coast.  Such
conditions  do  not  apply  in  the  central  part  of
Georgia  Strait  and  in  the  southern.  low  current
parts  of  Puget  Sound,

As  occurs  along  the  outer  coast,  juvenile  crab
predominantly  occur  in  shallow  water  habitats
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FIG.  I3.  Commercial  catch  si/e  distributions  of
Dungeness  crab,  showing  the  reduction  in  relative
proportion  of  large  crabs  as  fishing  has  intensified
over  time.  The  narrow  vertical  bar  indicates  the
minimum  legal  size  limit,  modified  lo  show  the
notch-to-notch  measurement.  Hecate  Strait  data
modified  from  Butler  ( i960);  remaining  data  mod-

ified from  Smith  and  Jamieson  (in  press).
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characterised  by  sand  and  small  cobble,  often
with  eelgrass  (Zostera  marina)  or  overlying  mats
of  algae  such  as  Ulva  sp.  At  a  number  of  inter-
tidal  locations  throughout  Puget  Sound,  Dinnel
et  al.  (1987)  reported  high  densities  of  0+  crab
in  cobble-sand,  with  densities  highest  if  macro-
phytes  were  present  (Dinnel  et  al,  1986).  Pre-

dictably, refuge  availability  is  an  important
element  determining  the  carrying  capacity  of  an
area,  but  in  contrast  to  the  outer  coast  where
bivalve  shell  is  important  (Armstrong  and
Gunderson,  1985),  algae  and  eelgrass  provide
most  cover  in  the  GS-PS  complex.  As  measured
by  trends  in  the  fishery,  overall  recruitment  and
survival  of  juvenile  stages  appears  to  be  more
constant  and  stable  within  the  GS-PS  complex
compared  to  the  outer  coast,  and  is  probably
limited  in  magnitude  to  a  great  extent  by  availa-

bility of  appropriate  refuge  habitat  for  early  ju-
venile instars  at  settlement.

Pre-recruit  Survival
Pre-recruits  are  defined  here  as  the  size  cohort

that  will  recruit  to  the  exploitable  cohort  in  the
next  subsequent  year,  and  for  Dungeness  crab,
this  implies  male  crab  in  the  size  interval  of  about
130-159  mm  CW  (Smith  and  Jamieson,  19S9b).
The  conventional  assumption  is  that  since  male
crab  greater  than  140  mm  show  evidence  of
previous  matings  by  abrasion  marks  on  their
chelipeds  (Butler,  1960;  Smith  and  Jamieson,  in
press),  current  minimum  size  limits  (155-159
mm  CW,  depending  on  jurisdiction)  should  pro-

tect many  crab  from  capture  for  at  least  one
breeding  season  prior  to  their  recruitment  to  the
exploitable  size  range.  The  rationale  and  data
used  to  justify  existing  size  limits  were  never
documented,  but  in  the  early  1900s  when  size
limits  were  first  introduced,  it  is  hypothesised
that  most  crab  populations  w?ere  less  heavily
exploited  than  at  present  and  that  a  relatively
large  proportion  of  crab  significantly  exceeded
the  minimum  size  limit  adopted.  In  1954,  the
mean  size  of  crab  sampled  by  Butler  (1960)  in
Hecate  Strait,  the  location  of  the  largest  fishery
at  that  time,  was  about  1 73  mm  CW,  with  many
crab  exceeding  190  mm  CW  (Fig.  13).  Crab  this
size  are  seldom  caught  today  in  any  significant
fishery  in  British  Columbia  (Fig.  13),  although
large  crab  are  caught  on  the  outer  coast  of  Wash-

ington [mean  =  about  175  mm  CW  (S.  Barry,
Washington  State  Dept.  Fish.,  Montesano,  WA,
pers.  comm.)]  and  even  larger  crab  are  caught  in
Alaska.  Merritt  (1985)  reported  that  the  mean
CW  of  commercial  crab  caught  at  Bluff  Point,
Cook  Inlet,  AK,  from  1973-75  ranged  from
190-200  mm,  but  that  the  very  large  crab  (230+
mm  CW)  caught  when  the  fishery  first  began
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FIG.  14.  Diagrammatic  depiction  of  a  male  crab  instar
size  distribution  in  relation  to  the  minimum  legal  size
limit,  and  the  effect  of  fishing  removal  on  the  ap-

parent instar  composition  of  a  size  frequency  dis-
tribution. Two  instars  from  Clayoquot  Sound,

1 985-86,  are  shown:  adjacent  u  =  1 29  mm  CW  ( ±12
mm  CW)and  u.=  156  mm  CW(±13  mm  CW)  instars
(from  Smith  and  Jamieson,  1989b).

there  in  1973  had  disappeared.  Crab  landed  in
Kachemak  Bay.  adjacent  to  Bluff  Point  and
which  has  been  exploited  for  most  of  the  century,
averaged  15%  smaller  than  Bluff  Point  crabs
between  1978-83.

In  an  intensive  study  of  the  Tofino,  British
Columbia,  crab  fishery.  Smith  and  Jamieson
( 1 989a,  b)  reported  that  the  recruiting  instar  size
distribution  was  nearly  halved  by  the  minimum
legal  size  (MLS)  (Fig.  14).  Forty-two  percent  of
this  cohort  were  pre-recruits,  and  hence  unavail-

able to  the  commercial  fishery  that  year.  What
was  surprising,  though,  was  that  there  was  con-

siderable evidence  (Smith  and  Jamieson,  1989a)
that  these  pre-recruits  had  a  high  natural  mortal-

ity (M=2.9-4.5),  with  less  than  10%  ultimately
surviving  to  legal  size.  Thus,  about  40%  of  this
recruiting  cohort  apparently  never  recruited.

It  is  not  known  if  this  was  a  phenomenon
unique  to  the  relatively  small  geographic  area
involved  (about  60  km")  and/or  that  particular
time  period  (1985-86).  Further  study,  both  at
Tofino  and  elsewhere,  is  currently  under  way,
but  because  of  a  lack  of  settlement  at  Tofino  in
recent  years  and  logistic  difficulties  in  conduct-

ing an  appropriate  study  in  a  larger  geographic
area,  these  results  have  not  been  confirmed  else-

where to  date.  Smith  and  Jamieson  (1989a)  sug-
gested this  apparentlyy  high  mortality  might  be

a  result  of  having  recruits  being  removed  from
the  population  in  this  year-round  fishery  vir-

tually as  fast  as  they  recruit  (F=5. 1-6.9);  only
9-16%  of  recruits  are  expected  to  survive  more
than  90  days.  Continuous  trapping  and  release  of



MEMOIRS  OF  THE  QUEENSLAND  MUSEUM

prc-rccruits  while  fiahfrtg  foi  ttcftliis  (current
escape  port  size  is  not  optimal;  Jamieson.  un-
publ.)  may  have  increased  their  mortality  sub-

stantially, or  there  may  be  some,  as  ycl
undetermined,  biological  explanation.

A  Final  consideration  is  the  growth  historv  of
the  recruiting  cohort.  In  [he  Tofino  instance
scribed  above,  the  MLS  divided  the  recruiting
cohort  almost  equally,  but  this  may  not  always
occur,  fn  some  years,  mean  instar  sizes  may  be
such  that  the  MLS  falls  between  distinct,  gi
cent  msiars,  rather  than  over  one  instar  specifi-

cally, resulting  in  almosi  the  entire  pre-recruit
instar  recruiting  with  its  next  moult.  Any
scenario  between  the  above  two  extremes  may
occur,  resulting  in  up  to  a  two- fold  difference  in
recruitment  oryear-classes  of  similar  absolute
abundance.  This  may  mostlv  explain  the  large
average  size  of  recruited  crab  in  ihe  I  Mt<  re
Washington  fishery  (175  mm  CW)  relative  to
lhat  in  the  Tofino  fishery  (about  165  mm  CW:
Smith  and  Jamieson,  I9#?a).

SUMMARY

The  prediction  of  relative  year-class  strength
at  recruitment  to  the  fishery  lor  Dungeness  ciub.
and  probably  for  mosi  species,  is  noi  .t  trivial
matter.  Limited  mobility,  pronounced  spatial
differences  in  abundance,  and  a  variable  en-

vironment result  in  sufficient  unpredictability
that  future  estimation  of  year-class  abundance  of
Dungeness  crab  to  a  fishery  can  only  be  made
with"  acceptable  accuracy  from  1+  y-olds.
Female  abundance,  in  the  absence  of  any  fishery
for  them  and  little  data  on  their  occurrence  be-

cause of  the  use  of  escape  ports,  is  unavailable;
The  ultimate  settlement  location  of  larval  pro-

duction is  also  unknown.  Consequently,  tradi-
tional stock-recruitment  iclationships  arc

effectively  meaningless  for  management  and
have  not  been  determined  for  this  species.  Re-

search emphasis  is  currently  focusing  on  deter-
mining and  describing  dip  critical*  environmental

conditions  (currents,  temperature,  winds,  refuse
availability),  behaviour  (larval  distribution  mine
water   column),   and   population   dynamics
(growth  rate,  survival  and  causes  of  mortality)  m
coastal  areas  having  significant  regional  fisher-
ies.
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