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Materials  and  Methods

Three  specimens  (designated  as  syntypes
of  B.   inaequipes  Hansen)  contained  in  two
vials   (each   with   a   catalog   number)   were
sent  to  me,  together  with  a  data  sheet,  from
the   Zoological   Museum   at   Copenhagen.
One   vial   contained   two   specimens   (CRU-
2387);   the   other   contained   one   specimen
(CRU-2388).   The   data   from   the   museum
give  the  depths  by  metric  system  and  also
exact   dates   for   the   specimens,   although
Hansen's   paper  (1923)   gives  the  depths  in
Danish  fathoms  and  the  years  as  "The  In-
golf-Expedition   1895-1896."   The   follow-

ing more  exact  data  for  the  specimens  are
given  on  the  basis  of  those  from  the  mu-

seum and  Hansen's  paper;  latitudes  and  lon-
gitudes are  the  same  in  both.  I  designated

the  three  specimens  as  A,  B,  and  C.
CRU-2387   ...   2   females   (A,   B),   Ingolf

Station     32     (Davis     Strait),     66°35'N,
56°38'W,   599   m   (318   Danish   fathoms)
depth,   11  July  1895.

CRU-2388   ...   1   female   (C),   Ingolf   Station
36   (Davis   Strait),   6r50'N,   56°21'W,
2702  m  (1435  Danish  fathoms)  depth,  28
July   1895.
Specimens  A— C  were  immersed  in  lactic

acid   (with   a   slight   amount   of   methyl-blue)
and  their  body  forms  were  drawn  in  detail,
with  the  aid  of   a   camera  lucida,   for   mor-

phological comparison,  and  specimen  B
was  selected  as  the  holotype  (as  explained
in   the   Systematics   section,   below).

A   photomicrograph  (Fig.   6a),   before   dis-
secting, was  made  from  specimen  B.  Draw-

ings for  the  retained  appendages  or  other
body  portions  were  also  made  with  the  aid
of  a  camera  lucida.  Other  photomicrographs
were  made  of  the  copulatory  organs  in  the
urosome.

In  order  to  make  it  easy  to  understand  the
morphology   of   B.   inaequipes,   illustrations
given  in  this  paper  consist  of  my  originals
plus  four  others  that  were  remade  from  il-

lustrations given  by  Hansen  (1923:  pi.  Ill,
2b  [right  antenna],  2d  [left  leg  1],  2e  [right
leg  4],  2f  [left  leg  4])  for  four  appendages.

The   remade   illustrations   were   obtained   by
magnifying  Hansen's   illustrations  to   be  ap-

proximately the  same  size  as  my  originals.
These  are   asterisked,   as   seen  in   Figs.   2e*
(right   antenna),   3c*  (left   leg  1),   4c*  (right
leg  4),  and  4d*  (left  leg  4).  Illustrations  for
right  legs  1  and  2  are  not  presented  in  this
paper,   because   these   legs   were   lacking   in
the  specimen  that  I  examined  and  also  were
not   included   in   Hansen's   illustrations.

The   dissected   specimen,   which   was   re-
turned to  the  museum  in  September  1997,

consisted  of   the  following  parts:   the  meta-
some   without   legs   1-4   and   the   urosome
with  caudal  rami,  both  in  a  vial  with  etha-
nol,   and   appendages   mounted   singly   in
polyvinyl   lactophenol   on   1  1   slides.   The
mounted  appendages  are:  (1)  left  antennule,
(2)   left   antenna,   (3)   left   mandible,   (4)   la-
brum,  (5)   paragnaths,   (6)   left   maxillule,   (7)
left   maxilla,   (8)   left   maxilliped,   (9)   left   leg
2,  (10)  right  leg  3,  and  (1 1)  left  leg  3.  Spec-

imens A  and  C  (each  in  a  vial  with  ethanol)
were  returned  to  the  museum  at  the  same
time.

In  the  armature  formula  for  legs  1-4,  the
total   number   of   spines   or   spiniform   ele-

ments (Roman  numerals)  is  given  first  and
connected   by   a   dash   with   the   number   of
setae   or   setiform   elements   (Arabic   numer-

als) in  each  segment.  The  total  number  (T)
of  these  elements  is  given  in  parentheses  for
protopod,   endopod,   and   exopod.   This   for-

mula style  was  used  first  by  Ooishi  &  Illg
(1989)   to   specify   the   number   and   compo-

sition of  armature  elements  on  each  leg  seg-
ment of  a  botryllophilin  (type  A).  In  the

armature  formula  for  B.  inaequipes,  the  pre-
dicted number  and/or  composition  of  miss-

ing or  incorrectly  illustrated  elements  are
included  in  italics  (see  Table  1).

The  abbreviations   used  are:   Al   =   anten-
nule, A2  =  antenna,  L  =  labrum,  MD  =

mandible,   MXl   =   maxillule,   MX2   =   max-
illa, MXP  =  maxilliped,  PG  =  paragnath,

and  PI  =  leg  1.  The  numeric  symbols  used
are:  I  =  first  armature  element  or  first  major
element   of   antenna,   maxilla,   and   leg   exo-

pod; 1 1  =  first  seta  on  first  segment  of  an-



638 PROCEEDINGS  OF  THE  BIOLOGICAL  SOCIETY  OF  WASHINGTON

tennule;  h  =  first   seta  on  second  segment
of  antennule;  1  =  one  independent  seta  (not
associated  with  any  other  setae)   of   anten-

nule; and  +1  =  one  subordinate  seta  asso-
ciated with  a  major  seta  of  antennule  or

maxilla.   These   symbols   were   used   first   by
Ooishi   (1996)   to   recognize   easily   the   loca-

tion, size,  and  shape  of  each  element  on  the
appendage  in   botryllophilins,   and  to   estab-

lish its  homology  in  other  species.

Systematics

Family   Ascidicolidae   Thorell,   1859
Subfamily   Botryllophilinae   Sars,   1921

Genus   Botryllophilus   Hesse,   1864
Botryllophilus   inaequipes   Hansen,   1923

Figs.   1-6

Selection   of   holotype.  —  Hansen's   three
specimens   (A,   B,   and   C)   were   examined
with  the  following  results:  A,  metasome  un-
segmented,  body  damaged  on  right  side;  B,
metasome   segmented,   body   partly   dissect-

ed, lacking  6  right  cephalosomal  append-
ages and  5  legs  (right  legs  1,  2,  and  4,  left

legs  1  and  4),  but  retaining  oral  area  and
remaining  appendages  of  cephalosome,  me-

tasome, and  urosome;  and  C,  metasome  un-
segmented,   body   partly   dissected,   lacking
left   cephalosomal   appendages   except   for
antennule.

Specimen  B  was  the  only  one  which  had
a   segmented   metasome,   characteristic   of
Botryllophilus   inaequipes,   thus   obviously
differing   from   specimens   A   and   C,   which
had  an  unsegmented  metasome.  In  addition,
six   of   the   1  1   missing   appendages   men-

tioned above  for  specimen  B  corresponded
to   the   right   antennule   (2a,   designated   as
left,   by   Hansen),   right   antenna   (2b),   right
mandible   (2c),   left   legs   1   (2d)   and  4   (2f),
and  right   leg  4   (2e)   illustrated  by  Hansen
(1923:   pi.   III).   Specimen   B   has   therefore
been  designated  as  the  holotypic  female  of
B.   inaequipes   and   selected   for   this   rede-
scription.  Specimens  A  and  C  were  not  fur-

ther studied  by  me,  because  they  were  not
thought  to  be  B.  inaequipes.

Holotypic   specimen   examined.  —  Holo-

type  ?   (ZMUC-CRU-2387),   collected   at
Ingolf   Station  32,   66°35'N,   56°38'W,   599  m
depth,   in   sifted   bottom  mud  of   the   Davis
Strait,  1 1  July  1895;  dissected  specimen  de-

posited in  Zoological  Museum,  University
of  Copenhagen.

Redescription   of   female.  —  Body   (Figs,
la,   b,   6a)   vermiform,   1.47  mm  long,   mea-

sured along  body  axis,  based  on  illustrated
specimen.   Proportional   lengths   1:2.4:2   for
cephalosome,   metasome,   and   urosome;
these   regions   well   demarcated.   Ratio   of
length  of  prosome  to  that  of  urosome  1.7:
1.   Body   surface   with   sparsely   scattered
hairlike   sensilla.   Color   of   living   specimen
unknown.

Cephalosome   (Fig.   la,   d,   e)   subtriangu-
lar,  with  rounded  anterior  margin.  Append-

ages consisting  of  6  pairs  through  maxilli-
peds.   Rostral   area   (Fig.   Id)   slightly   scler-
otized  and  expanded.

Metasome   (Fig.   la,   b)   somewhat   com-
pressed, 5-segmented;  segmentation  distinct

in   first   four   segments,   but   weak   between
fourth   and   fifth   segments.   Proportional
lengths   1:0.75:0.75:1:0.56   for   5   segments.
Greatest  width  0.40  mm  in  second  and  third
segments.  First  to  fourth  segments  bearing
biramous   asymmetrical   legs   (right   legs   1
and  2   not   shown  here),   without   intercoxal
sclerite,  as  seen  in  left  legs  1-4  (Figs.  3c*,
d,  4b,  d*)  and  right  legs  3  and  4  (Fig.  4a,
c*).   Fifth   (shortest)   segment   narrowed   to-

ward urosome,  bearing  uniramous  short  leg
5  pair   (Fig.   la);   proximal   portion  of   leg  5
incorporated   into   posterolateral   corners   of
fourth   segment.   Short   transverse   sclerite
(Fig.   Ic)   present   on   midventral   side,   indi-

cating boundary  between  fourth  and  fifth
segments.

Urosome   (Fig.   la-c)   cylindrical,   consist-
ing of  5  segments  (genital,  3  abdominal,

anal);   anal   segment   slightly   longer   than
each   of   anterior   4   subequal   segments.   In
genital   segment,   gonopores   dorsolateral,
and   opening   of   genital   atrium   midventral.
Short   caudal   rami   with   ventrally   directed
terminal  spines.
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Fig.  1.  Botryllophilus  inaeqitipes  Hansen,  female,  a,  body  form,  dorsal;  b,  body  form,  lateral;  c,  posterior
metasome  with  urosome,  ventral;  d,  cephalosome,  ventral  (left  side);  e,  cephalosome,  lateral;  f,  paragnaths,
ventral;  g,  paragnaths,  posterior.

Antennule   (Fig.   2a,   b)   4-segmented;   en-
larged first  segment  about  as  long  as  total

length   of   narrowed   second   to   fourth   seg-
ments. First  segment  with  9  setae  (I, +  2,

II,,   III|   +   1,   IV,,   V,,   1),   second   segment
with  4  setae  (I,,  II2  +  2),  third  segment  with
3  setae  (I3-I-2),  and  fourth  segment  with  12
setae   (I4,    11).   Total   setal   number   28,   in-
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Fig.  2.  Botiyllophihis  inaeqiiipes  Hansen,  female,  a,  left  antennule,  anterior;  b,  fourth  segment  of  antennule.
posterior;  c,  left  antenna,  posterior;  d,  left  antenna,  anterior,  showing  short  third  segment;  e*.  right  antenna,
posterior;  f,  labrum,  viewed  from  anterolateral  side;  g,  left  mandible,  anterior;  h,  left  maxillule.  posterior.

eluding   1   aesthete-like   seta   (Fig.   2a,   ar-
row) on  fourth  segment.  In  first  segment,

longest   major   seta   (III,)   slightly   shorter
than  proximal  width  of  segment,  and  I  in-

dependent seta  ( 1 )  at  anterodistal  corner
short.

Antenna    (Fig.     2c,     e*)     4-segmented,
asymmetrical   with   respect   to   composition
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a,  b,d

Fig.  3.     Botryllophilus  inaequipes  Hansen,  female,  a,  left  maxilla,  posterior;  b,  left  maxilliped,  posterior;  c"*
left  leg  1,  anterior;  d,  left  leg  2,  anterior.

of  armature  elements.  In  left  antenna  (Fig.
2c,   d),   fourth   segment   slightly   shorter
than   longest   second   segment;   third   seg-

ment shortest.  Fourth  segment  with  7  sim-
ple setae  (I-VII):  2  (I,  II)  on  medial  mar-
gin and  5   (III-VII)  on  terminal  margin.

Proportional   lengths   about   1:1.2:0.9:1.5:
2.8:4.5:5.9   for   7   setae   (I-VII);   longest
seta   (VII)   about   1.2   times   as   long   as
fourth   segment   (measured   on   anterior
margin).   Right   antenna   (Fig.   2e*)   with   7
elements   (I-VII):   5   spines   (2   [I,   II]   me-
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Fig.  4.     Botryllophilus  inaequipes  Hansen,  female,  a,  right  leg  3.  anterior;  b,  left  leg  3.  anterior;  c*.  right  leg
4,  anterior;  d*,  left  leg  4,  anterior.

dial,   3   [III-V]   terminal)   and   2   terminal
setae   (VI,   VII).

Labrum  (Fig.  2f)  thick,  with  large  round-
ed middistal  lobe  protruded  from  anterior

surface.
Mandible   (Fig.     2g)   consisting   of   coxa

and  elongated  palp  (basis,  exopod,  and  en-
dopod   fused).   Coxa   with   minute   tubercles
on  anterior  surface,  and  gnathobasic  medial
margin   with   double   rows  of   comblike   spi-
nules   (anteriorly   ending   in   1   longer   ele-

ment) and  single  row  of  2  conical  and  2
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sharp   conical   spines   (fused   at   base),   from
anterior   to   posterior.   Sharp   conical   spines
widely   separated   from   merely   conical
spines;   anterior   sharp   conical   spine   with
minute   serrations   on   anterior   edge.   Palp
with  9   setae:   exopodal   region  with  3   long
setae   (1   proximal,   2   distal   on   common
base)  and  endopodal  region  with  6  setae  (2
unequal   mediodistal,   2   long   distolateral,
and  2  long  terminal).

Paragnath   (Fig.   Id,   f,   g)   thick,   bean-
shaped,  about  twice  as  long  as  wide,  located
close  to  medial  margin  of  oral  sclerite  sur-

rounding mandible  and  maxillule.  Outer
surface  sclerotized  and  distal  half  separated
from  body.

Maxillule   (Figs.   Id,   2h)   consisting   of
precoxa  and  palp  (coxa,   basis,   and  exopod
fused;  endopod  distal).   Precoxa  with  6  plu-

mose medial  setae;  2  of  them  (black  dots)
stout.   Epipodite   of   coxa   represented   by
small   lateral   lobe  with  1  small   apical   seta.
Basis   represented   by   2   setae   directed   dis-
tally  and  setules  proximal  to  them  on  me-

dial margin.  Exopod  represented  by  3  setae
(1   directed   proximally,   2   directed   distally)
and   1   small   distolateral   projection   (longer
than  wide)  next  to  endopod.  Endopod  wider
than   long,   with   3   long   setae   along   distal
margin.  Setae  on  palp  simple.

Maxilla   (Fig.   3a)   divided  into  3   portions,
bearing  9  setae.  Proximal  portion  (precoxa)
with   2   setae   (I,   II),   middle   portion   (coxa)
with   4   setae   (III+2,   IV),   and   distal   portion
(basis  and  endopod  fused)  with  3  setae  (V-
VII);   2   subordinate  setae  on  posterior   side
of   major   seta   III.   Four   setae   (I-IV)   plu-

mose, 2  setae  (proximal  subordinate,  major
V)  coarsely  serrated,  and  remaining  3  setae
(1   distal   subordinate,   2   major   [VI,   VII])
simple.

Maxilliped   (Fig.   3b)   consisting   of   coxa
with   1   small   medial   seta   proximally,   basis
with  2  similar  setae  (anterior,  posterior)  on
medial   margin,   and   3-segmented   endopod.
In  endopod,  major  articulation  between  first
and   second   segments.   Claw-  shaped   third
segment  tridentate  at  apex,  and  weakly  ar-

ticulated with  second  segment,  this  with  2
minute  setae  on  posterior  side.

As  seen  in   right   legs  3   and  4   (Fig.   4a,
c*)  and  left  legs  1-4  (Figs.  3c*,  d,  4b,  d*),
coxa   of   legs   without   articulation   on   body,
and  basis  with  1  lateral  seta,  this  relatively
long  as  seen  in  right  leg  3  and  left  legs  2
and  3.  Mediodistal  corner  of  basis  also  with
patch  or  row  of  conical   spinules  (5—9),   as
seen  in  right  legs  3  and  4  and  left  legs  2
and   3.   Similar   armature   elements   on   pro-
topods  predicted  to  be  present  in  left  legs  1
and   4   (Figs.   3c*,   4d*,   shown   without   spi-

nules by  Hansen)  and  right  legs  1  and  2  (not
studied).

Endopods   of   all   right   and   left   legs   (Pl-
P4)  2-segmented,  longer  than  wide,  as  seen
in  right  legs  3  and  4  (Fig.  4a,  c*)  and  left
legs  1-4  (Figs.   3c*,   d,   4b,   d*).

Armature   on   right   leg   3   endopod   (Fig.
4a)   consisting  of   5   elements,   showing  pat-

tern I:  1  sharply  pointed  long  seta  on  first
segment,  and  2  similar  setae  and  2  unequal
(shorter   proximal,   longer   distal)   spiniform
elements   (dots)   on   second   segment.   Ac-

cording to  Hansen  (1923:  pi.  Ill,  2e),  right
leg  4  endopod  (Fig.  4c*)  with  5  setae;  2  of
them  (dots),   however,   supposed  to   be  spi-

niform elements,  as  seen  in  right  leg  3  en-
dopod or  in  pattern  I.  Total  number  (5)  of

elements   on   right   leg   4   endopod  identical
to  that  in  pattern  I.  Armature  elements  on
endopods  of  right  legs  1  and  2  (not  studied)
predicted  as  seen  in  pattern  I  (leg  1  endo-

pod with  8  setae;  leg  2  endopod  with  7  el-
ements [4  setae,  3  spiniform  elements]).

These   predicted   compositions   or   numbers
of  elements  discussed  in  Remarks.

Armature  on  endopods  of   left   legs  1—4
(Figs.   3c*,   d,   4b,   d*)   consisting   only   of
long  setae.  Armature  formula  9,  7,  5,  5  for
left  legs  1—4  (1  seta  on  first  segment;  re-

maining setae  on  second  segment).  Arma-
ture (9)  on  left  leg  1  endopod  (Fig.  3c*)

including  1   additional   seta   on  second  seg-
ment, but  remaining  elemental  numbers  for

left   legs   2-4   endopods   corresponding   to
those  in  pattern  I.

Exopod   of   right   leg   3   (Fig.   4a)    1-seg-
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merited,   approximately   trapezoidal.   Propor-
tional lengths  1:0.9:2:1.9  for  4  margins

(basal,   lateral,   distal,   and   medial);   medial
margin   markedly   longer   than   lateral   mar-

gin. Armature  comprising  5  stout  spines  (I-
V)   with   minute   spinular   serrations   distally,
representing  pattern  I:  4  (I— IV)  protruding
from   truncated   uneven   distal   margin,   and
remaining   1   (V)   protruding   from   posterior
side  of  ramus.  These  5  spines  directed  dis-

tally; spine  V  between  spines  III  and  IV.
Proportional   lengths   1:0.68:0.68:1.21:0.78
for   spines   I-V;   proximalmost   spine   (I)   dis-

tinctly shorter  than  distalmost  spine  (V).
Right   leg   4   exopod  (Fig.   4c*)   longer   than
wide,   with   4   spines   (3   distal,   1   medial),
showing   pattern   1.   Medial   spine   corre-

sponding to  spine  V  in  right  leg  3  exopod.
Spine  numbers  for  exopods  of  right  legs  1
and  2  (not  studied)  predicted  to  be  6  and  5,
respectively;   in   each  leg,   most   spines   pro-

truding from  distal  margin  and  remaining  1
spine  from  posterior  side  of  ramus,  as  seen
in  right  leg  3  exopod.

Distal   margin   of   right   exopod,   close   to
base  of  each  spine,  with  spinules,   as  seen
in  exopods  of  right  legs  3  and  4.  Spinular
formula:  5,   4,   5,   3  for  4  spines  (I— IV)  in
right   leg  3   (Fig.   4a);   4,   4,   2   for   3   spines
(on  distal  margin)  in  right  leg  4  (Fig.  4c*).
Spinules   (3)   close   to   distalmost   spine   (IV,
in   case   of   right   leg   3)   basally   fused   and
protruded  distally,   forming  mediodistal   cor-

ner of  ramus.  Similar  spinular  arrangement
probably  present  in  right  legs  1  and  2  (not
studied).   Spinules   absent   around   spine   (V,
in  case  of  right  leg  3)  protruding  from  pos-

terior side  (legs  1—3)  or  medial  margin  (leg
4)  of  ramus.

Exopods   of   left   legs   1-4   (Figs.   3c*,   d,
4b,   d*)   1  -segmented,   approximately   rhom-

boid, 2-2.5  times  as  long  as  wide.  Lateral
margin   corresponding   to   lateral   and   distal
margins  of   right  exopods,   and  bearing  se-
tiform   elements   coiTCsponding   to   spines
protruded  from  distal  margin  of  right  exo-

pods. Element  protruded  from  posterior
side  (legs  1-3)  or  medial  margin  (leg  4)  of
right  leg  exopods  missing  on  left  leg  exo-

pods. Thus,  exopods  of  left  legs  1-4  with
formula   5,   4,   4,   3,   representing   pattern   I.
Proportional   lengths   1:0.4:0.8:1.8   for   4   se-
tiform  elements  on  left  leg  3  exopod  (Fig.
4b);   distalmost   element   (IV)   evidently   lon-

gest. In  left  legs  2  and  4  (Figs.  3d,  4d*),
distalmost   element   also   longest.   This   ele-

ment on  left  leg  1  (Fig.  3c*,  arrow)  not  lon-
gest (probably  inadequately  illustrated  by

Hansen).
Spinular  formula  on  lateral  margin  of  left

leg  exopods:  5,   4,   5,   4  in  leg  2  (Fig.   3d);
5,  4,  4,  4  in  leg  3  (Fig.  4b).  Spinules  in  left
legs   1   and   4   (Figs.   3c*,   4d*,   not   fully
shown  by  Hansen)  probably  present  as  seen
in  left  legs  2  and  3.

Armature  formula  for   legs  1-4,   including
predicted  numbers  and  composition  of  ele-

ments, shown  in  Table  1.
Leg   5   (Fig.   5a,   b)   almost   symmetrical,

short.   Length   about   28%   of   that   of   uro-
some,  twice  as  long  as  proximal  width.  Ar-

mature: 3  short  setae  (1  proximal,  2  distal)
on  dorsal  margin  and  1  long  seta  terminally.
Proximal   seta  markedly   short,   and  2   distal
setae  with  conspicuous  gap  between  them.
Long  terminal   setae   on   both   sides   lacking
distal   portions,   so   their   exact   lengths   un-
known.

Apparatus   at   gonopore   (Fig.   5c-e)   con-
sisting of  2  closely  set  small  conical  spines

(larger   proximal,   smaller   distal,   both   artic-
ulated at  base)  externally  and  7  small  scler-

ites  internally  on  medial  margin  of  cuticular
flap  covering  gonopore.   Dorsal   surface  be-

tween gonopores  with  2  hairlike  sensilla
posteriorly.  Opening  of  genital  atrium  close
to   posterior   margin   of   ventral   metasome
(Fig.   5d,   f).   Complex   of   copulatory   organs
within  atrium  divided  into  2  portions  (right,
left)   by   medial   septum;   each   portion   with
tubular   copulatory   pore   protruding   from
surface  and  leading  to  corresponding  large
seminal   receptacle   internally   (Fig.   6b-e).
Right  tubular  pore  (Figs.  5d,  arrow.  6b,  CP)
apparently  longer  than  left  (Fig.  6c,  CP)  and
protruding   beyond   outer   edge   of   oblong
opening   of   genital   atrium   (Fig.   6b,   GA).
Right    and    left    seminal    receptacles    (SR)
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Table  1. — Armature  formula  for  legs  1—4  of  the  female  of  Botiyllophilus  inaequipes.  Predicted  numbers  and
compositions  of  armature  elements  on  right  legs  1  and  2  (not  studied)  and  predicted  composition  of  elements
on  right  leg  4  endopod  are  given  in  italics;  total  number  (T  =  5)  of  elements  on  right  leg  4  endopod  is  not
predicted  number,  because  it  is  identical  to  that  in  pattern  I.

(Right) Coxa;  Basis (T) Endopod   (T)

0-1;   0-7   (8)
0-1:   IU-3   (7)
0-1;   II-2    (5)
0-1;   11-2   (5)

0-1;   0-8   (9)
0-1;   0-6  (7)
0-1;   0-4  (5)
0-1;   0^  (5)

Exopod (T)

PI   0-0:   0-1   {1}
P2   0-0:   0-1   (1)
P3   0-0;   0-1   (1)
P4   0-0;   0-1   (1)
(Left)
PI   0-0;   0-1   (1)
P2   0-0;   0-1   (1)
P3   0-0;   0-1   (1)
P4   0-0;   0-1   (1)

VI-0   (6)
V-0   (5)
V-0   (5)
IV-0   (4)

0-5     (5)
0-4     (4)
0^     (4)
0-3     (3)

close  together  medially,  and  receptacle  duct
(RD)   leading   from   posterolateral   corner   of
each  seminal  receptacle  (Fig.   6d,   e).

Anal   segment   (Fig.   5g,   h)   longer   than
wide,   with   about   10   small   hairlike   sensilla.
Anus   opening   posterodorsally.

Caudal   ramus   (Fig.   5g,   h)   sclerotized,
longer  than  wide,  bearing  2  short  setae  (lat-

eral, dorsal)  and  4  stout  claw-shaped  spines
with  minute  serrations  distally:  lateral  spine
(LS)   rounded   at   apex;   medial   (MS),   dorsal
(DS),   and   ventral   (VS)   spines   pointed   at
apex;  ventral  spine  shortest.

Male.  —  Unknown.
Remarks.  — As  seen  in   Table  2,   most   of

the   appendages   of   Botryllophilus   inaequi-
pes, as  given  in  the  original  paper,  have

been  emended  here.  Most  appendages,  ex-
cept for  leg  5,  adequately  provide  diagnos-

tic features  of  type  A  (subgroup  1)  of  the
genus   (see   Ooishi   &   Illg   1988;   Ooishi
2002).

Left  leg  1  endopod  (Fig.  3c*)  was  shown
by   Hansen   (1923:25,   pi.   Ill,   2d)   to   have
nine  setae,  this  bearing  one  additional  ele-

ment in  comparison  with  pattern  I  (8).  Be-
cause right  leg  1  is  lacking,  and  also  be-
cause Hansen  did  not  allude  to  it,  it  is  not

certain  that  right  leg  1  endopod  also  has  one
additional  seta.  In  B.  abbotti  (pattern  I),  an
additional  element  on  only  left  endopod  has
been  considered  as  a  variation  in  the  num-

ber of  elements  (Ooishi  2000:585).

In  formula  pattern  I,   however,   the  com-
position of  armature  elements  (6)  on  the

second  segment  of  right  leg  2  endopod  is
somewhat  varied  in  species  of  subgroup  1 ;
the  first  segment  always  has  one  seta.  Three
kinds  of   compositions   can  be  seen  as   fol-

lows: (a)  II-4  (2  spiniform  elements,  4  se-
tae) in  B.  bamfieldensis  (Ooishi  2000:578);

(b)   III-3  (3  spiniform  elements,   3   setae)  in
B.   abbotti   (Ooishi   &   Illg   1989:456)   and   B.
brevipes   Sars   (Ooishi   2002:829);   and   (c)
IV-2   (4   spiniform   elements,   2   setae)   in   B.
koreensis   (Seo  &  Lee  1995:84).   Several   un-

named Botryllophilus  species  of  the  same
subgroup   (Ooishi,   unpublished)   have   the
second  type  composition.  It  is  apparent  that
the  second  type  (b)  occurs  rather  commonly
in   subgroup   1.   The   probable   composition
(III-3)   of   elements   on   the   same   segment
given  for   B.   inaequipes   (Table   1)   is   based
on  this  fact.

In   the   original   paper   by   Hansen   (1923:
pi.  Ill,  2e),  four  elements  on  the  second  seg-

ment of  right  leg  4  endopod  were  illustrated
as  being  all  setae.  In  all  other  species  men-

tioned above,  these  four  elements  consist  of
two  spiniform  elements   (II)   and  two  setae
(2).  Therefore,  the  same  composition  of  el-

ements is  probably  present  in  B.  inaequipes.
In  any  case,  the  armature  formula  (4)  for

right  leg  4  exopod  and  that  (5,  4,  4,  3)  for
left  legs  1-4  exopod,  which  have  been  con-

firmed in  this  paper,  mean  that  the  armature
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O.OSmm

0.1mm

Fig.  5.  Botryllophilus  inaequipes  Hansen,  female,  a,  right  leg  5,  lateral  (terminal  seta  without  distal  portion);
b.  left  leg  5,  lateral  (terminal  seta  without  distal  portion);  c.  genital  segment,  dorsal;  d,  genital  segment,  lateral
(arrow  indicates  right  tubular  copulatory  pore);  e,  gonoporal  apparatus,  left;  f.  genital  segment,  ventral;  g,  anal
segment  with  left  caudal  ramus,  lateral  (arrow  indicates  dorsal  seta  on  caudal  ramus);  h.  anal  segment  with
caudal  rami,  ventral.
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Fig.  6.  Botryllophilus  inaequipes  Hansen,  female,  photomicrographs,  a,  body  form,  lateral:  b.  copulatory
organs,  ventral,  showing  right  tubular  copulatory  pore  (CP)  protruding  beyond  outer  edge  of  genital  atrium
(GA);  c,  copulatory  organs,  ventral  (vievi'ed  from  slight  right  side),  showing  left  tubular  copulatory  pore  (CP);
d,  copulatory  organs,  ventral,  showing  2  large  seminal  receptacles  (SR);  e,  copulatory  organs,  lateral  (bracket
indicates  opening  of  genital  atrium;  receptacle  duct  [RD]  leading  from  posterolateral  corner  of  seminal  receptacle
[SR]).  Scale  bar  =  0.147  mm  in  Fig.  6a;  scale  bar  =  0.013  mm  in  Fig.  6b-e.

formula   for   the   remaining   legs   evidently
represents  pattern  I.

In   leg  5,   two  short   distal   setae  have  a
conspicuous  gap  between  them,  as  seen  in
species  of  type  B;  these  setae  in  type  A  spe-

cies   are    closely    set   and   without   a   gap
(Ooishi   &   Illg   1988).

Botryllophilus   inaequipes   is   distin-
guished from  five  congeners  of  subgroup  1

by   the  following  features:     (1)    metasome
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Table  2. — Comparative  features  for  appendages  of  Botryllophilus  inaequipes,  as  given  in  redescription  (Ooishi)
and  in  description  (Hansen  1923):  en  =  endopod,  exo  =  exopod,  maj  =  major  seta,  se  =  seta  (or  setiform
element),  sp  =  spine  (or  spiniform  element),  spn  =  spinule,  sub  =  subordinate  seta.

Redescription Description

Antennule
segment  I
segment  II
segment  III
segment  IV

Right  antenna
Left  antenna
Mandible

Maxillule

Maxilla
Maxilliped
Right  legs

Left  legs

Legs
Caudal  ramus

5  maj,  3  sub,  1  se
2  maj,  2  sub
1  maj,  2  sub
1  maj,  11  se
not  studied
7  se
coxa,  2  rows  of  spn,  I  row  of  2  conical  sp

&  2  sharp  conical  sp  (fused  at  base);
exo,  3  se;  endo,  6  se

precoxa,  6  se;  coxa,  1  se;  basis,  2  se;  exo,
3  se;  endo,  3  se

7  maj,  2  sub
coxa,  1  se;  basis,  2  se;  endo,  2  se
legs  1  &  2  not  studied;  leg  3  (endo,  3  se,

2  sp;  exo,  5  sp)
leg  2  (endo,  7  se;  exo,  4  se),  leg  3  (endo,

5  se;  exo,  4  se)
4  se
2  se,  4  sp

5  maj
2  maj,  2  sub
1  maj
1  maj,  7  se
5  sp,  2  se
not  given
coxa,  1  row  of  spn,  2  conical  sp  &  2  sharp

conical  sp  (fused  at  base);  exo,  3  se;
endo,  5  se

not  given

not  given
not  given
legs  1  &  2  not  given;  leg  4  (endo,  5  se;

exo,  4  sp)
leg  1  (endo,  9  se;  exo,  5  se),  leg  4  (endo,

5  se;  exo,  3  se)
not  given
4  sp  (not  illustrated)

distinctly   segmented;   (2)   leg   5   resembling
that  of  species  of  type  B;  (3)  labrum  with
middistal   lobe  on  anterior  margin;  (4)  par-
agnath  with  free  distal  portion;  and  (5)  cop-
ulatory  organs  comprising  two  tubular  cop-
ulatory  pores  and  large  seminal  receptables.
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Redescription   of   two   species   of   Pseudodiaptomus   from   Asia   and
Australia   (Crustacea:   Copepoda:   Calanoida:   Pseudodiaptomidae)

with   discussion   of   the   female   genital   structure   and   zoogeography   of
Indo-West   Pacific   species

T.   Chad   Walter,   Susumu   Ohtsuka,   Sumaitt   Putchakarn,
Khwanruan   Pinkaew,   and   Supawadee   ChuUasorn
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District  of  Columbia  20560-0163,  U.S.A.;

(SO)  Hiroshima  University,  Fishery  Laboratory,  5-8-1  Minato-machi,  Takehara,
Hiroshima  725  Japan;

(SP,  KP)  Burapha  University,  Institute  of  Marine  Science,  Bangsaen,  Chon  Buri  20131,  Thailand;
(SC)  Rhamkhamhaeng  University,  Department  of  Biology,  Faculty  of  Science,  Huamak,

Bangkok,  10240,  Thailand

Abstract.  — Many  species  of  Pseudodiaptomus  are  known  from  the  southeast
Asia   region.   An   ongoing   review  of   this   genus   has   produced   58   species   from
the   eastern   Indian   Ocean   and   western   Pacific   Ocean   coasts,   from   Japan   to
Australia.   Range  extensions  for  P.   ornatus  and  P.   andamanensis  are  noted  for
Australia   and   Japan,   and   for   Thailand   respectively.   The   previously   unknown
male   of   P.   ornatus   and  the   female   genital   structure   of   both   species   are   de-

scribed; the  zoogeography  of  the  genus  is  discussed.

Pseudodiaptomidae   Sars   (1902)   contains
three  recognized  genera,  two  of  which  are
monotypic   and   freshwater,   Archidiaptomus
aroorus   Madhupratap   &   Haridas,   1978   re-

ported only  from  Cochin,  India  and  Cal-
anipeda   aquaedulcis   Kritschagin,   1873
which  appears  to  be  restricted  to  the  Euro-

pean continent  and  Ponto-Caspian  region.
Poppella   guerni   Richard,   1888   and   Siatella
durbini   Labbe,   1927   have   been   synony-
mized   with   C.   aquaedulcis.   The   genus
Pseudodiaptomus   Herrick,   1884   currently
consists  of  74  species  extending  world-wide
(approximately   50°N-50°S).   Species   are
found  in  shallow,  coastal,  freshwater  to  hy-
persaline  conditions,  and  they  are  demersal.
Mazellina   Rose,   1957,   Schmackeria   Poppe
&   Richard,   1890,   Weismannella   Dahl,
1894,  and  Heterocalanus  T.  Scott,  1894  are
synonyms   of   Pseudodiaptomus.

Species   of   Pseudodiaptomus   have   very
similar   mouthparts;   swimming   legs   rarely
vary  in  shape,  spination  or  setation  and  are

of  little  use  in  the  determination  of  species.
The  main  characters  used  to  distinguish  the
species  are:   fusion  or   not   of   the  cephalo-
some  and  first  pedigerous  somite,  shape  of
fifth  pedigerous  somite,  urosome  shape  and
ornamentation,  especially  the  female  genital
double  somite,  and  the  fifth  swimming  leg
(leg  5)  of  males  and  females.

Pseudodiaptomus   ornatus   and   P.   anda-
manensis, redescribed  in  this  paper,  belong

to  the  Improcerus  species  group  as  defined
by  Walter  (1986a).  The  left  male  leg  5  has
a  simple  left  endopod  that  is  usually  large
and  variably  spatulate,  while  the  female  leg
5   basis   possesses   small,   bluntly   triangular
processes   at   the   distomedial   corners.   Re-
descriptions   are   necessary   because   P.   or-

natus (Rose  1957)  was  previously  known
only   from   females   and   P.   andamanensis
Pillai,   1980   requires   a   more   detailed   de-

scription and  report  of  range  extension.  The
use   of   the   Scanning   Electron   Microscope
(SEM)   has   revealed   some   additional   tea-
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