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molt  duration  and  supplemental  morpholog-
ical study.

The   specimens,   including   exuviae,   were
preserved   in   isopropyl   alcohol   and   at   the
time   of   examination,   transferred   to   70%
ethyl   alcohol   for   permanent   storage.   Me-
galopal   and   early   crab   stage   specimens
were  stained  with   Chlorazole   Black   E   prior
to  study.   Examinations  were  conducted  us-

ing a  Wild  M-5  dissecting  microscope  pro-
vided with  15  X  oculars.  Illustrations  were

made   with   the   aid   of   a   camera   lucida
mounted  on   that   microscope.   The   abbrevi-

ation cl  (carapace  length,  as  measured  from
the  tip  of  the  anterior  rostral  process  in  ear-

ly stages,  or  from  the  fork  of  the  dorsal  ros-
tral processes  in  later  stages,  to  the  mid-

point of  the  posterior  carapace)  provides  an
indication   of   specimen   size.   Measurements,
to  the  nearest  0.1  mm,  were  made  with  an
ocular  micrometer  through  crab  stage  3,  and
with   a   pair   of   Mitutoyo   calipers   in   subse-

quent stages.

Results

Megalopa  (cl   =  2.1-2.4  mm;  n  =  4):   The
integument   of   the   megalopal   abdomen   is
entirely   chitinous;   the   six   somites   (Fig.   lA,
B)   are   distinct.   The  tergite   of   somite   1   is
armed   with   pair   of   very   prominent   spines
in   the   dorsoproximal   midline.   Tergites   2-6
each  have  an  anterodorsal  pair  of  spines  in
midline,   largest   on   somite   3;   tergites   2-4
also  have  a  row  of  four  posterodorsal,  and
two  pairs  of  lateral,  simple  or  bifid  spines.
Tergites  5  and  6  each  has  pair  of  small,  an-

terodorsal and  a  pair  of  posterodorsal  spines
in   midline,   and   tergite   5   also   has   pair   of
anterolateral   spines.   Paired   biramous   pleo-
pods  are  present  on  somites  2—5;  the  exo-
pods  each  with  11—13  long  plumose  setae,
the  endopods  each  with  an  appendix  mas-
culina  consisting  of   three  small   hooks.   So-

mite 6  has  a  pair  of  uniramous  uropods,
each  with  one  subterminal  and  two  terminal
long  setae.

Crab   stage   I   (n   =   17   +   27   exuviae;   cl
=   2.4-2.7   mm):   The   abdomen   is   strongly

flexed  and  held   closely   against   the   cepha-
lothorax;   tergites  (Fig.   ID)  of   somites  1,   2,
and   6   remain   chitinous   or   become  weakly
calcified.   Tergite   1   is   distinct   and   undivid-

ed. In  contrast,  tergite  2  now  has  the  two
or   three-spined  marginal   plates   partially   to
entirely   separated;   the   broad   central   plate
has  only  the  prominent  anterodorsal  pair  of
spines  in  midline  and  a  row  of  four  smaller
posterodorsal   spines.   The   tergite   of   somite
3  also  shows  complete  or  partial  separation
of  weakly  calcified  marginal  plates,  as  iden-

tified by  the  marginal  spines  of  megalopa.
Similar   divisions   of   the   marginal   plates   of
the  tergites  4  and  5  are  indicated  by  partial
to   complete   sutures.   The   lateral   plates   of
tergites   3-5   are   faintly   delineated,   and
sometimes   slightly   calcified,   but   with
marked   reduction   of   the   posterodorsal
spines  of  megalopa.  The  median  regions  re-

main chitinous  or  are  becoming  thinly
membranous;   megalopal   spines   are   some-

times still  present,  but  more  frequently  only
indicated   by   setal   projections.   Somite   6   is
now  weakly   calcified.   The   paired,   biramous
pleopods   of   the   megalopa   are   reduced   to
uniramous   "stumps"   (Fig.   IC).   The   me-

galopal uropods  are  vestigial  or  completely
absent.

Crab  stage  2  (n  =  I   +  21  exuviae;  cl   =
3.2-3.6   mm):   Tergites   (Fig.   IE)   of   somites
1,  2,  and  6,  as  well  as  the  telson  are  mod-

erately well  calcified.  The  undivided  tergite
1  is  reduced  in  size  but  still  armed  with  a
very  prominent  dorsomedian  pair  of  spines.
The  central  plate  of  tergite  2  has  an  addi-

tional large  spine  near  each  anterodorsal  an-
gle, and  frequently  a  small  posterodorsal

spine   near   each   posterolateral   angle;   the
marginal   plates  each  are  well   calcified  and
have   three   prominent   spines.   Tergites   3-5
cire  entirely  membranous  medially;  irregular
lateral   plates  are  delineated  and  weakly  to
moderately   well   calcified;   well   calcified
marginal   plates   are  usually   separated  from
the  lateral  plates,  at  least  on  somites  3  and
4.   Tergite  6   retains  a  pair   of   small   spines
anteriorly  and  posteriorly.  The  telson  is  un-

armed. Pleopods  are  entirely  absent.
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Fig.  L  Abdominal  tergites  and  telson  of  Lithodes  aequispinus  Benedict,  1895;  A,  B,  megalopa;  C,  crab
stage  1  (sternal  view)  1 ;  D,  E,  crabs  stages  with  tergites  1  and  2  shown  separately  from  tergites  3-6  and  telson
because  of  abdominal  flexion.  A,  lateral  view;  B,  dorsal  view;  C,  crab  stage  I  with  reduced  pleopods:  D,  crab
stage  1;  crab  stage  2.  Roman  numerals  I-VI  indicate  abdominal  tergites;  T  indicates  telson.  Scale  equals  0.5
mm.
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Crab  stage  3  (n  =  8  +  19  exuviae,  cl   =
3.8-4.7   mm):   Tergites   (Fig.   2A)   1,   2,   6,
and  the  telson  are  better  calcified.  The  me-

dian pair  of  spines  on  tergite  1  is  still  very
prominent.   The  four   anterodorsal   spines  of
tergite  2  are  reduced  in  size,  an  additional
pair   is   present   medially,   and   frequently   a
very  small  spine  as  been  added  above  each
posterolateral   angle.   The   lateral   and   mar-

ginal plates  of  tergites  3-5  may  be  undi-
vided, completely  and  widely  separated,

separated   but   contiguous,   or   partially   re-
joined. The  median  area  of  tergite  3  fre-
quently will  have  two  or  sometimes  and

entire   row   of   small   calcified   nodules   an-
teriorly, whereas  these  regions  of  tergites

4  and  5  remain  cotnpletely  membranous  or
show   only   one   or   two   pairs   of   minute,
slightly   calcified   granules.   However,   two
or   three   accessory,   and   usually   spinose,
calcified  nodules  often  can  be  detected  de-

veloping in  the  marginal  integument  on
one  or  both  sides.  Tergite  6  is  larger  than
in   the   previous   stage,   but   otherwise   un-

changed, whereas  the  telson  now  is  armed
with  a  pair  of  small  spines.

Crab  stage  4   (n   =   13,   all   exuviae,   cl   =
5.6-7.2  mm):   Tergite  1   remains  unchanged.
Tergite  2  (Fig.  2B)  usually  has  another  an-

terolateral spine  on  each  side;  the  postero-
medial spine  is  larger  and  an  additional  tiny

pair  of  median  spines  is  often  present  an-
teriorly. The  lateral  and  marginal  plates  of

tergites   3-5   show   considerable   variation,
but   usually   are   partially   to   completely   re-

joined. The  median  area  of  each  tergite
most  frequently  has  a  few  calcified  nodules,
most   numerous   and   largest   on   tergite   3.
Much   more   prominent   and   usually   spini-
form  accessory  nodules  are  now  present  on
both,  or  only  on  the  right  side  of  the  mar-

ginal integument.  Tergite  6  and  the  telson
show   increases   in   size,   but   otherwise   re-

main unchanged.
Crab   stage   5   («   =   5,   2   cJ,   3   2   +   15

exuviae,   4   d,   6   ?   clearly   identifiable);   cl
=   6.5-8.4   mm):   Sexual   dimorphism,   as   in-

dicated by  tergite  development  (Fig.  2C,  E)
is   now  clearly   apparent.   Tergite   1   remains

unchanged  in  both  sexes,  whereas  the  num-
ber of  spines  present  on  the  median  plate

of  tergite  2  has  frequently,  but  not  uniform-
ly,  increased.   In   one   specimen   a   small

fourth   spine   is   present   anteriorly   on   the
right  marginal  plate  of  this  tergite.

Fusion  of   the  marginal   and  lateral   plate
elements   of   tergites   3-5   in   males   may   or
may   not   be   complete,   and   while   their
shapes  are  irregular,  the  pairs  are  generally
symmetrical   in   size.   Spiniform   nodules   can
be  observed  developing  in  the  marginal  in-

tegument on  both  sides  of  the  abdomen.
The  median  areas  remain  membranous  but
with  a  slight  increase  in  the  number  of  cal-

cified nodules.
At  this  stage  in  females,  the  usually,  now

entirely  fused  lateral  and  marginal  plates  of
tergites   3—5   are   somewhat   to   appreciably
larger  on  the  left  side  of  the  abdomen  than
on  the  right;  however  on  the  right  side  sev-

eral accessory  spiniform  nodules  have  de-
veloped in  the  integumental  margin.  Similar

nodular   development   is   completely   lacking
on  the   left   side.   As   in   males,   the   median
areas  of  these  tergites,  while  still   membra-

nous, show  slight  increases  in  the  number
of  calcified  nodules  present,  some  of  which
are  minutely  spinulose.  With  one  exception,
there  is  no  indication  of  pleopods  on  any  of
the   somites;   however,   incipient   gonopores
occasionally  can  be  observed  on  the  coxae
of  the  third  pereopods.  The  exceptional  fe-

male (cl  =  6.5  mm)  has  minute,  uniramous
buds  on  somites  2—5  (Fig.  2D).

Crab   stage   6(«   =   2   ?   -I-   16   exuviae,   7
S,   5   2   clearly   identifiable;   cl   =   8.1-10.9
mm):  The  marginal  plates  of  tergite  2  (Fig.
3A)  each  now  usually  has  a  small  spine  pre-

sent at  the  inner  posterodorsal  angle,  and
occasionally   one   or   two   additional   spines
are  present  on  the  dorsal  surface  of  the  me-

dian plate.  The  median  areas  of  tergites  3-
5   in   both   sexes   show   an   increase   in   the
number  and  size  of   calcareous  nodules.   In
males  the  size  and  number  of  accessory  spi-

niform nodules  increases  in  the  marginal  in-
tegument on  both  sides,  whereas  develop-

ment of  these  nodules  is  still  restricted  to
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Fig.  2.  Abdominal  tergites  and  telson  of  Lithodes  aequispinus  Benedict,  1895;  tergites  1  and  2  shown
separately  from  tergites  3-6  and  telson  because  of  abdominal  flexion.  A,  crab  stage  3;  B,  crab  stage  4;  C,  male
crab  stage  5  (tergal  view);  D,  left  side  of  somites  3-5  of  female  crab  stage  5  (sternal  view  showing  developing
pleopods);  E,  female  crab  stage  5  (tergal  view).  Scales  0.5  mm  (A)  and  1.0  mm  (B-E).
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Fig.  3.  Abdominal  tergites  and  telson  of  Lithodes  aequispinus  Benedict,  1895;  A,  C,  D,  tergites  1  and  2
shown  separately  from  tergites  3-6  and  telson  because  of  abdominal  flexion.  A,  normal  sixth  female  crab  stage;
B,  abnormal  sixth  female  crab  stage;  crab  stage  7;  crab  stage  12.  Scales  equal  1  mm.

the  right  side  in  females.  Tergite  6  in  both
sexes  usually  has  a  small  spine  developing
on   each   posterodorsal   angle.   Very   small
(0.5-0.6  mm  length)  pleopod  buds  are  now
apparent   ventrally   on   somites   2-4   of   the
two  preserved   females;   gonopores   are   de-

tectable on  the  female  exuviae.  One  of  the

preserved   females   (cl   =   10.2   mm)   exhibits
reversal   in   tergite  and  pleopod  asymmetry.
The   stage   6   abnormal   female   has   larger
fused  lateral/marginal  plates  on  tergites  3—
5  (Fig.  3B)  than  is  seen  in  the  normal  fe-

male (cl  =  9.7  mm),  as  well  as  much  more
advanced  development  of  the  accessory  spi-
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niform   nodules,   that   have   even   begun   to
fuse  to  form  weak  plates.

Crab   stage   7   («   =   1   ?   +   6   exuviae,   4
(J,   2   ?;   cl   =   10.0-12.6   mm):   Tergite   1
(Fig.   3C)   now   has   a   pair   of   very   small
spines  developing  at  the  inner  bases  of  the
prominent  median  dorsal  pair.  Tergite  2  re-

mains generally  unchanged.  The  most  no-
ticeable changes  in  tergites  3—5  are  seen  in

the  increased  number  of  calcareous  nodules
in  the  median  areas.   An  additional   pair   of
small  anterolateral  spines  is  now  present  on
the  telson.  Female  uniramous  pleopods  are
present  on  somites  2-5  and  are  slightly  lon-

ger on  somites  2-4  than  in  the  previous
stage.

Crab   stage   12   (n   =   3,   2   c?,   1   5,   +   8
exuviae,   4   c?,   2   ?   clearly   identifiable);   cl
=   11.1-14.8   mm):   The   additional   pair   of
spines  on  tergite  1  has  increased  slightly  in
size.   Tergite   2   remains   generally   un-

changed. The  calcareous  nodules  forming  a
row  adjacent  to  the  anterior  margin  of  ter-

gite 3  (Fig.  3D)  are  beginning  to  fuse,  and
additional   areas  of   calcification  in   the  me-

dian regions  frequently  are  apparent.  In  fe-
males, the  accessory  plates  on  the  right  side

have   begun   to   fuse   and   form   segmental
"marginal"   plates;   however,   in   the   male
specimens   available,   these   nodules   remain,
for   the   most   part,   as   separate   spiniform
structures   in   the   marginal   integument   on
both  sides.   However,   to   imply   that   this   is
another  example  of  dimorphic  development
may  well   be   an   artifact   of   limited  sample
size.   Females   pleopods   have   increased   in
length  to  approximately  0.75  mm.

Later   stages:   Only   a   few   specimens   of
various  subsequent  stages  are  available,  but
from  these,  it  is  apparent  that  rate  of  de-

velopment of  the  median  nodular  areas  of
tergites   3-5   is   extremely   variable.   Similar-

ly, although  the  accessory  nodular  fusion
and  accompanying  plate  formation  was  first
observed  in   a   stage   12   female   (cl   =   14.7
mm),  a  much  larger  and  considerably  older
female   (cl   =   26.3   mm,   pleopod   length   of
1.8   mm)   had   large,   but   distinct   accessory
spiniform  nodules  exhibiting  no  sign  of  fu-

sion. In  contrast,  a  male  (cl  =  23.5  mm)
showed   nearly   complete   fusion   of   the   ac-

cessory nodules  with  accompanying  "mar-
ginal" plate  development.  Additionally,  in

this   specimen   the   nodules   of   the   anterior
marginal  row  of  tergite  3  had  fused  to  form
a  solid  ridge  that  was  partially  fused  to  the
second  tergite.  However,  a  second  male  of
the  same  size  exhibited  neither  fusion  of  the
accessory   marginal   nodules   on   tergites   3-
5,  nor  of  the  upper  row  of  nodules  on  ter-

gite 3.  A  slightly  larger  male  (cl  =  29.0
mm)  had  an  anterior  row  of  fused  nodules,
but   this   ridge   was   clearly   separated   from
tergite  2,  whereas  the  median  areas  of  ter-

gites 3-5  were  filled  with  rows  of  contig-
uous or  partially  fused  nodules.  The  largest

female   specimen   available   (cl   =   31.8   mm)
had   left   uniramous   pleopods   measuring
2.1-2.3   mm   in   length.   No   development   of
paired  first  pleopods  could  be  detected.

Discussion

Early  tergite  development  in  Lithodes  ae-
quispinus  Benedict,  1 895  parallels  that  seen
in   L.   santolla   (Molina,   1782)   (cf.   Mc-

Laughlin et  al.  2001).  In  both  species  there
is  considerable  variation  in  the  rate  at  which
the  lateral  and  marginal  plates  of  tergites  3-
5   separate   and   rejoin.   Similarly,   in   both
species   accessory   calcareous   nodules   or
spinules  first  appear  in  the  marginal  integ-

ument at  crab  stage  3.  McLaughlin  et  al.
(2001)  had  only  limited  information  beyond
crab  stage  3.

McLaughlin,   et   al.   (2001)   were   able   to
confirm   that   the   calcareous   nodules   ob-

served in  the  integumental  margins  of  ter-
gites 3-5  in  L.  santolla  began  to  fuse  to

form  the  so-called  "maiginal  plates"  of  the
adult.   These   authors   pointed   out   that   the
marginal  plates  of  tergite  2  were  analogous
with,  but  not  homologous  with  those  of  ter-

gites 3-5.  As  we  have  seen  in  the  very  early
juvenile   stages   of   L.   aeqiiispinus,   there   is
initial  division  of  the  tergites,  first  with  sep-

aration of  marginal  plates  of  the  tergite  2,
and  subsequently  delineation  and  separation
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of  lateral  and  marginal  plates  of  tergites  3-
5.   However,   plate   division   in   these   latter
tergites  of  Lithodes  is  not  as  decisive  as  is
seen   in   Lopholithodes   (cf.   Grain   &   Mc-

Laughlin 2000a)  or  Acantholithodes  (cf.
McLaughlin   &   Lemaitre   2001).   This   may,
in  part,  be  attributable  to  the  lack  of  initial
calcification  of  the  megalopal  integument  in
Lithodes.   However,   in   Paralomis,   although
the   tergites   all   were   well   calcified   in   the
megalopal   and   early   crab   stages,   Mc-

Laughlin, et  al.  (2002)  found  no  marginal
plate  separation  in  tergites  3-5  at  any  stage
through  crab  stage  5.

With   the   megalopal   metamorphosis   in
Lithodes,  the  tergites  of  somites  \,  2  and  6
begin   to   calcify,   byt   those   of   tergites   3-5
remain   chitinous.   Although   each   marginal
plate  delineation  in  these  latter  tergites  ap-

pears initially  with  a  suture  forming  be-
tween the  marginal  region  and  the  remain-

der of  the  tergite  as  in  other  genera,  the
same  is  not  the  case  for  the  lateral  plates.
In   the   two   species   of   Lithodes   that   have
been   studied,   demarcation   of   the   lateral
plates   occurs   principally   through   increased
calcification  of   the  lateral   portions  of   each
tergite,  and  the  accompanying  loss  of  chitin
in  the  median  portion.  However,  once  sep-

arated, at  crab  stage  3  in  the  most  preco-
cious individuals,  these  lateral  and  marginal

plates  begin  to  undergo  refusion.  It  is  also
at  this  stage  that  the  first  appearance  of  cal-

cified nodules  can  be  detected.  Neither  the
process  of  the  rejoining  of  marginal  and  lat-

eral plates,  nor  the  subsequent  growth  and
ultimate  fusion  of  the  accessory  nodules  in
the  marginal   integument  to   form  plates   is
stage  related.   Both  proceed  at   highly  vari-

able individual  rates.  Nevertheless,  when
the  mature  crab  is  examined,  as  descriptions
of   adult   Lithodes   abdomens   reflect   (e.g.,
Dawson   &   Yaldwyn   1985,   Macpherson
1988),  the  observer  sees  an  abdomen  with
a  small,   entire   tergal   plate   1,   a   three-sec-

tioned tergite  2,  heretofore  thought  to  have
been   formed  by   the   fusion   of   lateral   and
median  plates,   and  tergites  3-5  formed  by
nodular   marginal   plates,   weakly   spinose  or

tuberculate  lateral  plates,  and  median  plates
represented   by   a   series   of   fused   nodules.
From  the   evidence   presented  herein,   these
observations   and   descriptions   are   errone-

ous. Tergite  I  is  correctly  interpreted  as  be-
ing entire.  The  three-plated  condition  of  ter-
gite 2  results  from  the  sundering  of  the  mar-

ginal plates.  Tergites  3-5  do  reflect  a  three-
plated  condition,   but  not  as  interpreted  by
previous   authors.   The   "marginal"   plates
actually   are   formed  in   the   marginal   integ-

ument by  the  development  and  fusion  of  ac-
cessory, spiniform  nodules,  whereas  the

"lateral"  plates  represent  the  fused  margin-
al and  lateral  plates  of  the  early  juvenile

tergites.   The  "median"  plates  have  resulted
from   calcification,   in   the   form   of   nodules,
that  has  occurred  in  the  central  portion  of
the  membranous  integument  of  the  juvenile
tergites.

The   first   indications   of   sexual   differenti-
ation are  sometimes  seen  as  early  as  stage

4  where  development  of  the  accessory  mar-
ginal spines  becomes  more  apparent,  and  in

some   individuals   is   observed   only   on   the
right  side.   Nonetheless,   since  individual  de-

velopment is  so  highly  variable,  this  cannot
be  viewed  with  assurance  as  an  accurate  in-

dicator of  sex.  Similarly,  the  lateral  and
marginal  plates  still  may  be  completely  dis-

tinct, or  partially  to  completely  rejoined.
However,   by   crab   stage   5,   in   some  speci-

mens, the  fused  lateral-marginal  plates  of
tergites   3-5   have   enlarged   slightly   on   the
left   side   of   the   abdomen   indicating   that
these   individuals   are   females;   accessory
marginal  spines  or  nodules  have  developed
only  on  the  right.  In  contrast,  in  males  the
marginal   and  lateral   plates   remain  approx-

imately the  same  size  on  both  the  right  and
left   sides,   while   accessory  spines  or   spinu-
lose   nodules   are   clearly   apparent   in   the
marginal  integument  on  both  sides.  Despite
the  change  in  plate  size  from  left  to  right  in
females,  there  is  yet  no  skewing  of  the  ab-

domen, as  reflected  by  the  deflection  of  ter-
gite 6  and  the  telson  to  the  right  in  mature

females.
Female  pleopod  development  in   Lithodes
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appears  not  to  be  entirely  stage  dependent.
In  L.  aequispinus,  the  first  indication  of  de-

veloping pleopods  occurred  at  stage  5  or  6.
In   one   preserved   female   of   crab   stage   5,
minute  buds  were  present  on  somites  2-5,
whereas  in  the  other  two,  no  buds  were  ob-

served at  this  stage.  The  two  preserved  fe-
males of  crab  stage  6  both  had  small  uni-

ramous  buds  only  on  somites  2-4;  the  ple-
opod  of  somite  5  was  present  in  the  single
preserved  stage  7  female.  McLaughlin  et  al.
(2001)   found   no   pleopod   development   in
their   two   females   of   stage   5   L.   santolla.
Sandberg   &   McLaughlin   (1998)   reported
that   no   female   pleopod   development   ac-

companied the  first  indications  of  plate
asymmetry   in   juvenile   specimens   of   L.
maja   (Linnaeus,   1758)   with   carapace
lengths  of  less  than  6.0  mm  from  museum
collections,  but  they  were  not  able  to  stage
their   specimens.   In   females   with   carapace
lengths   between   6.6   and   10.5   mm,   rudi-

mentary pleopods  were  observed  on  so-
mites 2—4,  but  in  only  one  instance  was  a

pleopod  bud  also   present   on   somite   5.   It
was  only  in  females  of  carapace  lengths  of
13.6  mm  and  larger  that  all  four  pleopods
routinely  were  present.

In   our   very   small   sample   of   identifiable
females   (<30),   two   exhibited   reversed   ab-

dominal asymmetry.  Zaklan  (2000),  in  a
note   on   reversed   asymmetry   in   Lithodes
maja,   commented   that   although   the   fre-

quency of  reversed  abdominal  asymmetry
was  unknown,  it  was  thought  to  be  low  for
Lithodes   and   other   king   crabs.   However,
she  quoted  Campodonico  (1978)   as   having
estimated   that   2.5%   of   the   population   of
Paralomis   granulosa   (Jacquinot   in   Hom-
bron  and  Jacquinot,  1 846)  in  Porta  Zenteno,
southern  Chile,  exhibited  this  abdominal  re-

versal. A  review  of  Campodonico's  (1978)
report  suggests  that  he  was  referring  to  the
tendency  in  2.5%  of  the  females  for  the  left
chela  to  be  larger  than  the  right.   He  had
only   a   single   female   specimen  that   exhib-

ited abdominal  reversal,  although  he  indi-
cated in  an  addendum  that  there  were  other

unpublished   records   of   this   phenomenon.

Zaklan  (2000)  went  on  to  suggest  that  her's
was  the  first   report   of   accompanying  che-
liped   reversal,   although   Sandberg   &   Mc-

Laughlin (1998)  had  observed  similar  re-
versals in  both  chelipeds  and  abdomen  in  a

Scandinavian   specimen   of   L.   maja.   Only
one  of   our  two  females  that  exhibited  re-

versed abdominal  asymmetry  still  had  its
chelipeds   attached;   however   in   that   speci-

men cheliped  reversal  also  occurred.  Since
only   females   show   abdominal   plate   asym-

metry, and  females  are  usually  selectively
avoided  in  fisheries  catches,  it  is  quite  pos-

sible that  reversed  asymmetry  is  more  fre-
quent than  heretofore  thought,  just  simply

not  readily  observed.

Acknowledgments

The  larval  and  juvenile  rearing  work  was
sponsored  by  the  Alaska  Sea  Grant  College
Program,   cooperatively   supported   by
NOAA,   Office  of   Sea  Grant   and  Extramural
Programs,  Department  of  Commerce,  under
grant   NA46RG0104,   project   number   R/06-
36  and  the  University  of  Alaska  with  funds
appropriated  by  the  state.  The  crew  of  the
RTV  Montague,  with  C.  Trowbridge  and  W.
Bechtol   of   the   Alaska   Department   of   Fish
and   Game,   supplied   the   experimental
adults.   Assistance  with  the  laboratory  rear-

ing was  provided  by  L.  Clayton,  S.  More-
land,  and  P.  Shoemaker.  Facilities  were  pro-

vided by  the  University  of  Alaska  Institute
of   Marine   Science's   Seward   Marine   Center
laboratory.   The   first   author   expresses   her
immense  gratitude  to  Dr.  A.  J.  Paul  for  dil-

igently and  painstakingly  preserving  dead
juveniles   and   exuviae   over   the   course   of
many  months.  Without  his  efforts,  this  pre-

sent study  could  not  have  been  accom-
plished. The  authors  also  wish  to  thank  Dr.

T  Shirley  for  questioning  the  date  of  pub-
lication of  Benedict's  species,  and  Dr.  R.

Lemaitre   for   finding   the   accurate   date   of
publication  of  Benedict's  preprint.  This  is  a
scientific   contribution   from   the   Shannon
Point   Marine   Center,   Western   Washington
University,   and   contribution   number   2689



VOLUME  115,  NUMBER  1 147

from   the   Institute   of   Marine   Science,   Uni-
versity of  Alaska.

Literature   Cited

Adams,  C.  E,  &  A.  J.  Paul.  1999.  Phototaxis  and  geo-
taxis  of  light-adapted  zoeae  of  the  golden  crab
Lithodes  aequispinus  (Anomura:  Lithodidae)  in
the  laboratory. — Journal  of  Crustacean  Biology
19:106-110.

Benedict,  J.  E.  1895.  Descriptions  of  new  genera  and
species  of  crabs  of  the  family  Lithodidae  with
notes  on  the  young  of  Lithodes  camtschaticus
and  Lithodes  brevipes. — Preprint  [January  25,
1895]  from  the  Proceedings  of  the  United  States
National  Museum  17:479-488.

Campodonico  G.,  L  1978.  Un  caso  de  inversion  en  la
asimetria  abdominal  de  las  hembras  de  Para-
lomis  granulosa  (Jacquinot)  (Decapoda,  Ano-

mura, Lithodidae). — Anales  del  Instituto  de  la
Patagonia  9:231-232.

Grain,  J.  A.,  &  R  A.  McLaughhn.  2000a.  Larval  and
early  juvenile  development  in  the  Lithodidae
(Decapoda:  Anomura:  Paguroidea)  reared  under
laboratory  conditions.  1.  Subfamily  Lithodinae:
Lopholithodes  mandtii  Brandt,  1848. — Inverte-

brate Reproduction  and  Development,  37:43-
59.
,   & .   2000b.  Larval  and  early  juvenile

development  in  the  Lithodidae  (Decapoda:  An-
omura: Paguroidea)  reared  under  laboratory

conditions.  2.  Hapalogastrinae:  Placetron  wos-
nessenskii  Schalfeew,  1 892,  with  notes  on  com-

parative development  within  the  subfamilies  of
the  Lithodidae. — Invertebrate  Reproduction  and
Development  37:113-127.

Dawson,  E.  W.,  &  J.  G.  Yaldwyn.  1985.  King  crabs  of
world  or  the  world  of  king  crabs:  an  overview
of  identity  and  distribution — with  illustrated  di-

agnostic keys  to  the  genera  of  the  Lithodidae
and  to  the  species  of  Lithodes.  Pp.  69-106.  Pro-

ceedings of  the  International  King  Crab  Sym-
posium, January  1985.

Hombron,  J.  B.,  &  H.  Jacquinot,  1846  [July].  Atlas
d'Histoire  Naturelle  Zoologie  par  MM.  Hom-

bron et  Jacquinot,  chirurgiens  de  I'expedition.
In:  Voyage  au  pole  sud  et  dans  I'Oceanie  sur
les  corvettes  1' Astrolabe  et  la  Zelee  execute  par
ordre  du  roi  pendant  les  annees  1837-1838-
1839-1840  sous  le  commandement  de  M.  Du-
mont-D'Urville  capitaine  de  vaisseau  publie
sous  les  auspices  du  departement  de  la  marine
et  sous  la  direction  superieure  de  M.  Jacquinot,

capitaine  de  Vaisseau,  commandant  de  la  Zelee.
Dix-Huitieme  Livraison.  Oiseaux  pi.  21;  Grus-
taces  pis.  3,  4;  Insectes  coleopteres  plls  16,  17.
Gide  et  Gie,  Paris.

Linnaeus,  C.  1758.  Systema  naturae  per  regna  tria  na-
turae, secundum  classes,  ordines,  genera,  spe-

cies, cum  characteribus,  differentiis,  synonymis
locis.  ed.  10:  1:  i-ii,  1-824.  Holmiae.

Macpherson,  E.  1988.  Revision  of  the  family  Lithod-
idae Samouelle,  1819  (Crustacea,  Decapoda,

Anomura)  in  the  Atlantic  Ocean. — Monografias
de  Zoologia  Marina  2:9-153.

McLaughlin,  P.  A.,  &  R.  Lemaitre.  1997.  Carcinization
in  the  Anomura-fact  or  fiction?  I.  Evidence
from  adult  morphology. — Contributions  to  Zo-

ology, Amsterdam  67(2):79-123.
,  & .  2001.  Aspects  of  evolution  in  the

anomuran  superfamily  Paguroidea:  one  larval
prospective. — Invertebrate  Reproduction  and
Development  38:159-169.
,  K.  Anger,  A.  Kaffenberger,  &  G.  A.  Lovrich.

2001.  Megalopal  and  early  juvenile  develop-
ment in  Lithodes  santolla  (Molina)  (Decapoda:

Anomura:  Paguroidea:  Lithodidae),  with  notes
on  zoeal  variation. — Invertebrate  Reproduction
and  Development,  (in  press)
,  ,  ,   &  .   2002.   Larval   and

early  juvenile  development  in  Paralomis  gran-
ulosa (Jacquinot)  (Decapoda:  Anomura:  Pagu-

roidea: Lithodidae),  with  emphasis  on  abdomi-
nal changes  in  megalopal  and  crab  stages. —

Journal  of  Natural  History  40(l):53-67.
Molina,  G.  I.  1782.  Saggio  sulla  storia  naturale  del

Chili.  Bologna.  Pp.  1-367.
Paul,  A.  J.,  &  J.  M.  Paul.  1999.  Development  of  larvae

of  the  golden  king  crab  Lithodes  aequispinus
(Anomura)  reared  at  different  temperatures. —
Journal  of  Crustacean  Biology  19(l):42-45.
,  &  .   2001.  The  reproductive  cycle  of

golden  crab  Lithodes  aequispinus  (Anomura:
Lithodidae). — Journal  of  Shellfish  Research  20.
(in  press)

Sandberg,  L.,  &  P.  A.  McLaughlin.  1998.  Crustacea,
Decapoda,  Paguridae.  In:  Marine  Invertebrates
of  Scandinavia.  10:1-113  Universitetsforlaget,
Oslo

Shiriey,  T.  C,  &  S.  Zhou.  1997.  Lecithotrophic  devel-
opment of  the  golden  king  crab  Lithodes  ae-

quispinus (Aomura:  Lithodidae). — Journal  of
Crustacean  Biology  17:207-216.

Zaklan,  S.  D.  2000.  A  case  of  reversed  asymmetry  in
Lithodes  maja  (Linnaeus,  1758)  (Decapoda,
Anomura,  Lithodidae). — Crustaceana  73:1019—
1022.



PROCEEDINGS  OF  THE  BIOLOGICAL  SOCIETY  OF  WASHINGTON
115(1):148-152.  2002.

A   new   species   of   Anilocra   (Crustacea:   Isopoda:   Cymothoidae),
ectoparasitic   on   the   mako   shark   Isurus   oxyrinchus

Ignacio   Winfield,   Fernando   Alvarez,   and   Manuel   Ortiz

(IW)  Laboratorio  de  Ecologia,  Escuela  Nacional  de  Estudios  Profesionales  Iztacala,  Universidad
Nacional  Autonoma  de  Mexico,  Apartado  Postal  314,  Tlanepantla,  Estado  de  Mexico  54090,
Mexico;  (FA)  Coleccion  Nacional  de  Crustaceos,  Instituto  de  Biologia,  Universidad  Nacional

Autonoma  de  Mexico,  Apartado  Postal  70-153,  Mexico  04510,  D.E,  Mexico;  (MO)  Centre  de
Investigaciones  Marinas,  Universidad  de  La  Habana,  Cuba

Abstract.  —  The   description   of   a   new   species   of   the   isopod   genus   Anilocra
(Cymothoidae),   ectoparasitic   on   the   shark   Isurus   oxyrinchus,   from   the   Gulf   of
Mexico,   off   the   Port   of   Veracruz,   is   presented.   The   diagnostic   characters   of
Anilocra   elviae   are:   ornamentations   in   the   first   four   pereonites,   large   eyes,
bilobed  labium,  14  setae  on  the  third  article  of  the  mandibular  palp,  dactyli  of
pereiopods   1-6   strongly   curved,   pleopods   thick   and   large,   and   uropods   ex-

tending well  beyond  the  posterior  margin  of  the  pleotelson.

The   genus   Anilocra   Leach,   1818   (Iso-
poda: Cymothoidae)  is  composed  of  species

that  are  ectoparasitic   on  a  wide  variety  of
fishes   belonging   to   a   number   of   families
worldwide   (Trilles   1994).   Although   10   of
the   46   species   of   Anilocra   have   been   re-

ported for  the  Caribbean  Sea  (Schioedte  &
Meinert   1881,   Williams   &   Williams   1981,
Kensley   &   Schotte   1989,   2000),   only   one,
A.   acuta   Richardson,   1910,   has   been   pre-

viously found  in  the  Gulf  of  Mexico  (Bow-
man et  al.  1977).

Regarding   the   hosts,   many   isopod   spe-
cies have  been  reported  as  elasmobranch

ectoparasites   from   all   the   world's   oceans,
including   Anilocra   physodes   (Linnaeus,
1758),   found   in   Torpedo   and   Squatina
(Trilles   1994).   In   the  present   study  a   new
species   of   Anilocra,   ectoparasitic   on   the
mako   shark,   Isurus   oxyrinchus,   Rafinesque,
1810,  is  described  from  the  Gulf  of  Mexico.

Isopods   were   removed   from   the   shark
and   preserved   in   70%   ethanol   and   mea-

sured for  total  length  (TL,  from  anterior
margin  of  head  to  posterior  margin  of  pleo-

telson) and  maximum  width  (W).  Mouth-
parts   and   appendages   were   dissected   and
figures   were   drawn  using  a   Nikon  stereo-

microscope   with   a   camera   lucida.   Type
specimens   are   deposited   in   the   National
Crustacean   Collection   (CNCR)   of   the   Insti-

tute of  Biology,  of  the  National  Autono-
mous University  of  Mexico  (UN AM),  Mex-

ico City.

Anilocra   elviae,   new   species
Figs.   1-2

Material   examined.  —  Holotype   (female),
37.4   mm   TL,   17   mm   W   (CNCR   18873);
paratype   (male),   25   mm   TL,   7   mm   W
(CNCR   18873).   The   host   shark   (1.16   m   of
standard  length)  was  captured  with  a  long
line  set  at  a  mean  depth  of  35  m,  in  waters
of  the  Gulf   of   Mexico  off   the  Port  of   Ve-

racruz, Mexico  (19°12'N,  95°39'W),  in
June  of  1999,  by  the  commercial  vessel  Al-
eta  Azul.  Both  isopods  were  removed  from
the  host's  claspers.

Description   of   holotype.  —  Body   elongat-
ed, oval-shaped,  twice  as  long  as  wide.

Head  partially  sunken  in  pereonite  1,  lateral
margins   converging   towards   a   projected,
broadly  convex  rostrum  (Fig.   lb).   Eyes  big,
occupying  %  of  head.  In  lateral   view,  per-

eonites   1-3    flat,   becoming   progressively
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