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at  small  radii  r  and  vrot(r)   increases  linearly  at
first.     Since  the  mass      density  decreases  outwards
the  linear  increase  in  vrot(r)  stops  soon,  but  the
behaviour  at  large  r  is  of  greatest  interest.  The
optical  surface  brightness  o Q^t^r)  decreases  ex-

ponentially with  r  (Freeman,  1970)  and  so  would
the  mass  surface  density  cr^(r)  IF  most  mass  were
contributed  by  ordinary  stars,  so  that  the  mass  to
light  ratio  M/L  were  constant  everywhere.  In  that
case,  M(r)  would  approach  the  total  mass  MtQt  rap-

idly and  the  rotation  curve  would  approach  the
Kepler  Law,  V    _  <*r  ^,  in  the  outer  regions.r   rot

Because  of  the  exponential  decrease  of  optical
surface  brightness  it  is  difficult  to  extend  opt-

ical rotation  curves  to  the  outer  regions,  but
fortunately  the  neutral  hydrogen  in  the  galactic
disk  extends  about  2  or  3  times  further  out  than
most  of  the  starlight.     The  direct  contribution
to  MtQt  of  the  hydrogen  gas  is  very  small,  but
modern  radiotelescopes  are  very  sensitive  and  can
detect  neutral  hydrogen  and  measure  its  velocity
(or,  rather,  its  component  along  the  line  of  sight)
through  the  A21cm  hyperfine  structure  line.     By  a
peculiar  quirk  of  history,  one  of  the  earliest  gal-

axies for  which  accurate  21cm  data  were  taken,  M81,
showed  the  expected  turnover  in  the  rotation  curve
and  the  approach  to  the  Kepler  Law  and  seemed  to
corroborate  the  assumption  of  a  constant  mass  to
light  ratio.     Troubles  with  this  assumption  soon
surfaced,  in  particular  our  nearest  large  galaxy,
M31  (Andromeda) ,  seemed  to  show  a  flat  rotation
curve.     A  trigonometric  conversion  factor  has  to
be  applied  to  the  measured  line-of-sight  velocity
component  to  derive  vro1-(r)  anc*  there  could  be  un-

certainties if  the  outer  disk  of  the  galaxy  is
warped.     Fortunately,  these  uncertainties  are  quite
unimportant  when  the  galaxy  is  viewed  almost  edge-
on.    The  most  recent  21cm  radiotelescopes  are  sen-

sitive enough  to  be  able  to  observe  a  large  number
of  galaxies  and  one  can  select  those  which  are
close  to  edge-on.     The  Westerbork  array  (Sancisi,
1976)  has  particularly  good  angular  resolution  and
the  Arecibo  dish  (Krumm  and  Salpeter,  1979)  has
particularly  good  sensitivity  and  a  lot  of  reliable
data  is  now  available  (including  also  newer  optical
data) .     The  situation  has  been  reviewed  by  Bosma
and  van  der  Kruit  (1979)  and  by  Rubin  (1979)  and  it
is  now  clear  that  most  spiral  galaxies  (with  a  qua-

rter or  less  of  the  galaxies,  including  M81,  form-
ing an  exception)  have  flat  rotation  curves  and

M(r)  must  increase  linearly  with  r  -  at  least  as
far  as  the  observations  can  be  carried  out.

The  21cm  observations  peter  out  at  two  or
three  times  the  optical  radius  of  a  typical  galaxy,
because  the  hydrogen  signal  becomes  too  weak,  and
the  rotation  curves  are  usually  still  flat  there.
The  last  values  for  M(r)  provide  lower  limits  for
MtQt  and  are  two  or  three  times  larger  than  the  old
optical  estimates,  giving  a  lower  limit  to  the  over-

all mass  to  light  ratio  of  about  20Mo/Lo«    This  is
not  spectacular  in  itself,  but  the  local  mass  to
light  ratios  are:     The  mass  surface  density  decr-

eases only  as  r"-1  whereas  the  optical  surface
brightness  decreases  exponentially,  so  that
o1((r)/a,  (r)  increases  very  drastically,  as  shownM   L
in  Figure  1,  up  to  about  500M0/L0 .    We  therefore

have  the  tantalizing  situation  of  knowing  about
the  existence  of  "almost  invisible"  matter  but  not
knowing  how  much  further  out  it  extends  and  how
much  larger  M__  .   is  than  our  lower  limit  for  it.to   tot

We  also  do  not  know  in  what  physical  form  the
matter  in  such  an  "invisible  galaxy  halo"  is.
Some  form  of  stars  seems  the  most  conservative
hypothesis,  but  "ordinary  stars"  in  the  mass  range
0.2M0  to  2M0  have  too  small  values  for  M/L  (shown
in  Figure  2) .    M/L  increases  as  stellar  mass  de-

creases and  stars  of  about  0 . 1M0  are  sufficiently
faint  for  present-day  data,  although  they  might  be
detectable  with  improved  optical  sensitivity;  ob-

jects less  massive  than  about  0.08Mq  cannot  burn
hydrogen  at  all,  cool  off  rapidly  and  these  "over-

grown Jupiters"  are  essentially  invisible.    By  ana-
logy with  the  well-studied  "stellar  population  II

halo",  it  is  usually  assumed  that  a  "stellar  pop-
ulation III"  was  formed  before  stellar  populations

I  and  II,  more  than  10 10  years  ago.     If  that  is
true,  a  population  of  very  massive  stars  -  initial-

ly -  is  also  a  possibility  (>4M0 ,  say),  since  they
will  have  ended  their  main  sequence  life  a  long
time  ago  and  their  compact  remnants  (white  dwarfs,
neutron  stars  or  black  holes)  are  very  faint  optic-

ally (Salpeter,  1977) .

Before  we  can  say  if  it  is  reasonable  that  the
masses  of  the  earliest  stars  to  form  were  either
very  small  or  very  large,  we  should  look  at  the
situation  of  "ordinary"  stars.    For  this  purpose
one  should  look  not  at  the  present-day  observed
luminosity  function,  but  the  extrapolation  back  to
the  birthrate  or  "initial  mass  function  IMF"  (I  am
again  happy  to  talk  on  this  topic  in  this  continent
since  my  first  work  in  "real"  astronomy  was  done  in
Australia  on  this  subject).     This  IMF,  when  express
ed  in  the  appropriate  logarithmic  form  as  shown
schematically  in  Figure  2,  is  still  slightly  uncer-

tain (Salpeter,  1955;  Lequeux,  1979;  Miller  and
Scalo,  1979),  but  the  interesting  thing  is  that  it
is  rather  flat.     A  similar  empirical  fact  holds  in
a  more  sociological  realm  -  roughly  as  many  people
live  in  cities  between  1  and  2  million  population
as  in  towns  between  10,000  and  20,000  population,
etc.   ...    The  causes  are  not  really  understood  in
either  realm,  but  it  is  known  that  the  demographic
law  sometimes  fails  such  as  in  the  megalopolis  on
the  Eastern  U.S.  seabord  or  in  highly  rural  popula-

tions.   We  should  perhaps  not  be  too  surprised  if  a
similar  thing  happened  to  tilt  the  earliest  IMF  to-

wards very  small  or  very  large  masses.

DYNAMICAL  MASSES  FOR  GALAXY  CLUSTERS

We  saw  that  we  can  only  get  a  lower  limit  to
the  total  gravitational  mass  of  an  individual  gal-

axy and  that  there  might  be  more  "invisible"  mass
further  out,  either  bound  to  the  galaxy  or  else-

where.   Fortunately,  an  appreciable  fraction  of  all
galaxies  lives  in  large  clusters  and  we  can  invest-

igate the  total  gravitational  mass  of  such  a  clust-
er by  studying  the  dynamics  of  the  galaxies  in  it.

There  are  different  types  of  clusters,  from  loose
ones  containing  few  galaxies  to  very  "rich"  ones,
containing  thousands  of  galaxies  with  very  high
central  number  density.    The  very  richest  clusters
show  signs  of  relaxation  subsequent  to  their  form-

ation due  to  dissipative  galaxy  -  galaxy  interact-
ion.   Fortunately,  we  are  situated  relatively  close
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to  a  medium-rich  cluster,  the  Virgo  cluster,
which  is  large  enough  to  give  good  statistics  but
has  not  suffered  much  relaxation,  so  that  we  can
now  treat  individual  galaxies  as  point  particles.

As  I  mentioned  in  the  Introduction,  the  Vir-
ial  Theorem  is  the  statistical  equivalent  of  Kep-

ler's Law,  relating  the  mean-squared  velocity  of
particles  in  a  cluster  (the  systemic  velocity  of
each  galaxy  relative  to  the  cluster  centre)  to
total  gravitational  mass  of  the  cluster  (divided
by  its  radius.     De  Vaucouleurs  (1960)  already  ap-

plied the  Virial  Theorem  to  velocity  data  for  the
Virgo  cluster  and  found  a  surprisingly  large  clus-

ter mass,  corresponding  to  a  mass-to-light  ratio
of  about  500.     Some  objections  have  been  raised
to  the  use  of  the  Virial  Theorem,  which  strictly
speaking  applies  only  to  an  isolated  system  at
equilibrium,  to  a  galaxy  cluster  which  is  not  ful-

ly isolated  and  still  has  galaxies  falling  in  on
it  from  the  outside.     It  is  important  to  settle
this  point,  since  it  has  a  bearing  on  two  inter-

esting questions:

1.  How  much  invisible  mass  is  there  in  the
Virgo  cluster  core?

2.  What  is  the  value  of  the  cosmological
density  parameter  Q?

Equation  (4)  relates  Q  to  the  mean  mass-to-
light  ratio  <M/L>  and  one  might  think  that  quest-

ions 1.  and  2.  above  are  identical.    Until  a  few
years  ago  this  view  was  prevalent  and  there  was
optimism  that  a  reliable  value  for  Q  would  be
found  soon.    Developments  since  have  illustrated
an  unfortunate  (but  fascinating)  aspect  of  observ-

ational cosmology:    As  more  observational  data
becomes  available  on  some  topic,  the  claimed  ac-

curacy for  determining  some  interesting  number
often  gets  worse  for  a  while  -  not  better  -  be-

cause some  systematic  cause  for  error  has  been
found  but  not  yet  eliminated.    We  have  seen  that
some  invisible  matter  is  associated  with  individ-

ual galaxies,  but  it  is  becoming  more  and  more
likely  that  M/L  is  even  larger  for  the  core  of  a
cluster  like  Virgo  than  for  an  individual  galaxy.
We  therefore  have  to  expect  the  possibility  that
M/L  either  increases  or  decreases  radically  with
distance  from  the  centre  of  a  large  cluster,  so
that  the  two  questions  above  become  decoupled.
We  shall  see  that  question  1.  can  be  answered
quite  accurately,  but  question  2.  is  wide  open.

Since  the  pioneering  work  on  the  Virgo  clus-
ter and  its  surrounding  by  de  Vaucouleurs  (much

of  it  carried  out  in  Australia)  there  have  been
advances  both  on  the  observational  and  theoretic-

al side.    Observationally  there  has  been  a  verit-
able information  explosion,  both  from  optical

spectroscopy  and  21cm-line  work,  and  accurate
systemic  velocities  are  now    available  for  more
than  a  thousand  galaxies  in  the  general  Virgo
cluster  vicinity.     Instead  of  merely  getting  one
velocity  dispersion  for  the  whole  cluster,  one
can  get  observational  values  for  velocity  disper-

sion as  a  function  of  angular  distance  0  from  the
Virgo  cluster  centre.    Part  of  this  data  is  shown
in  Figure  3  for  the  cluster  core  (nominally  def-

ined as  the  sphere  inside  9  ^6°,  where  the  number
density  of  galaxies  has  a  steep  gradient)  and
some  distance  outside.    The  cluster  is  by  no

means  isothermal,  but  the  velocity  dispersion  de-
creases with  increasing  6   (it  becomes  almost  con-

stant again  at  slightly  larger  9) .     On  the  theoret-
ical side  the  main  advance  has  been  the  possibility

to  carry  out  a  large  series  of  dynamical  model  cal-
culations (Peebles,  1970;  Gott,  1975;  Gunn,  1977;

Silk  and  Wilson,  1979;  Hoffman,  Olson  and  Salpeter,
1980) ,  which  can  eliminate  the  controversy  surroun-

ding the  (much  simpler)  use  of  the  Virial  Theorem.

Although  the  supercluster  surrounding  the
Virgo  cluster  is  flattened,  the  cluster  itself  is
not,  so  that  spherically  symmetric  dynamical  models
are  sufficiently  accurate.     Figure  4  is  a  schematic
illustration  of  such  a  model  for  an  open  universe
which  already  contained  one  spherically  symmetric
density  enhancement  at  early  times.     Because  of  the
enhanced  gravitational  force,  the  total  energy  per
particle  is  negative  for  all  spherical  shells  in-

side "marginally  bound  surface"  containing  mass  m* .
At  early  times  all' shells  take  part  in  the  general
cosmological  expansion  but  at  some  epoch  (labelled
as  time  t  =  1)   shells  far  inside  of  m*  come  to  rest,
start  collapsing  and  hit  the  origin  at  approximate-

ly t  =  2.     Shells  further  out  (but  still  inside  m*)
reach  zero  velocity  at  later  times  and,  whatever
the  present  epoch  t        is,  there  exists  some  zeror   r   now
velocity  surface.    At  any  finite  time  the  cluster
is  never  fully  isolated  from  its  surrounding,  but
at  times  later  than  about  t   ̂ 3,  there  is  a  sub-

stantial cluster  core  which  does  not  change  its  in-
ternal density  much  although  the  matter  outside  m*

keeps  expanding  and  decreasing  its  density.

There  are  at  least  two  dimensionless  paramet-
ers characterizing  a  particular  model  -  the  present

epoch  t  (relative  to  the  first  turnaround  of  ther   now
proto-cluster) ,  and  the  present  value  of  the  cos-

mological density  parameter  9,.    A  scaling  factor
can  be  adjusted  to  make  the  overall  mean  velocity
dispersion  of  the  model  agree  with  the  observed
mean,  but  there  is  still  the  question  whether  the
shape  of  the  curve  for  velocity  dispersion  as  a
function  of  distance  9  from  the  cluster  centre  fits
the  observed  curve  (the  histogram)  in  Figure  3.  A
number  of  curves  for  different  models  are  also  sho-

wn in  Figure  3  and  they  do  in  fact  fit  the  observed
shape  quite  well.    That  is  gratifying  from  one
point  of  view  -  the  basic  assumptions  (growth  of  an
original  approximately  spherical  density  enhance-

ment, neglect  of  dissipation,  etc.)  cannot  be  badly
off  -  but  disappointing  from  another:  these  curves
(taken  from  Hoffman,  Olson  and  Salpeter,  1980)  cov-

er a  range  of  0,  from  0.03  to  0.7  (and  we  now  have
models  covering  an  even  wider  range)  and  since  they
all  fit  equally  well,  one  of  the  questions  I  asked
above  has  a  negative  answer  -  if  the  mass-to-l«ight
ratio  is  allowed  to  vary  with  distance  from  the
centre  (or  with  density)  but  if  we  do  not  know  the
sign  of  the  variation  then  we  can  say  nothing  at
the  moment  about  the  cosmological  density  parameter
fi!

The  other  question,  however,  has  a  very  pos-
itive answer:     all  the  models  which  fit  the  obser-

ved velocity  dispersion  curve  give  almost  the  same
mass  and  mass-to- light  ratio  for  a  sphere  of  radius
which  subtends  an  angle  of  6°.    We  get

M/L  ^500M  /L0  0
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and    M      =  (3.8  ±  0.4)  x  1012M06  °
if  we  assume  HQ  -  70kms_1Mpc-1   (in  fact  the  larg-

est uncertainty  in  Mgo  at  the  moment  is  due  to  the
uncertainty  in  the  Hubble  constant  HQ).  Since  ft
varies  from  model  to  model,  M/L  for  much  larger
volumes  than  the  6° -sphere  is  uncertain  (and  the
same  is  true  to  a  lesser  extent  for  much  smaller
volumes)  but  for  the  volume  picked  by  optical  as-

tronomers as  "the  Virgo  cluster  proper"  the  Virial
Theorem  is  vindicated  pretty  well.     The  most  im-

portant result,  though,  is  the  fact  that  M/L  is  at
least  20  times  larger  still  than  we  obtained  for
individual  galaxies  (out  to  where  the  neutral  hy-

drogen begins  to  peter  out)  so  that  we  have  strik-
ing evidence  for  even  more  invisible  mass  -  poss-
ible of  a  different  form  and  probably  distributed

differently:     if  the  invisible  mass  is  mainly  low-
mass  stars  from  large  proto-haloes  they  are  likely
to  have  been  "rubbed  off"  in  the  dense  cluster  core
more  than  further  out  and  M/L  decreases  with  in-

creasing distance  from  the  cluster  centre;  if  the
invisible  mass  is  due  mainly  to  massive  neutrinos
forming  the  background  cluster  (Sato  and  Takara,
1980),  the  neutrinos  will  have  suffered  even  less
dissipation  than  proto-galaxies ,  have  a  larger
cluster  radius  and  M/L  increases.

SUPERCLUSTERS  AND  FUTURE  WORK

I  almost  ended  by  saying  that  we  know  the  mass
of  a  cluster  core,  such  as  the  inner  6°  of  the  Vir-

go cluster,  quite  well  but  know  nothing  about  the
mean  mass-density  (or  the  dimensionless  parameter
oj  :     the  masses  of  the  cluster  cores  alone  would
give  only  ft  ^0.02,  a  constant  mass-to- light  ratio
M/L  everywhere  would  give  ft  M3.3,  but  an  increased
M/L  outside  of  cluster  cores  could  easily  give  a
closed  universe,  f2>l*.    There  is  some  hope  to  get
more  information  in  the  future  from  the  study  of
"superclusters",  which  come  either  in  the  form  of
tenuous  surroundings  of  a  single  cluster  core  of
about  10  or  20  times  its  radius  (which  is  the  case
for  the  Local  Supercluster  which  surrounds  the  Vir-

go cluster),  or  as  a  collection  of  4  or  5  clusters
(de  Vaucouleurs,  1956;  Jdeveer,  Einasto  and  Tago,
1978)  .

The  attempts  made  at  the  moment  for  getting
some  measure  of  the  mass  of  the  Local  Supercluster
mainly  centre  around  measuring  the  "Virgocentric
deviation  velocity  AV  from  pure  Hubble  flow".  By
this  is  meant  the  additional  recession  velocity
(above  the  observed  one)  we  would  have  relative
to  the  Virgo  cluster  if  we  had  not  been  decelerat-

ed by  the  gravitational  pull  of  the  Virgo  cluster.
This  requires  precision  measurements  of  the  relat-

ive distances  from  us  to  galaxies  in  different
directions,  which  is  a  difficult  task  at  the  mom-

ent.   Consequently,  present  estimates  for  AV  cover
a  rather  wide  range  from  about  125  to  500  km/ sec,
but  hopefully  the  accuracy  will  improve.  Unfort-

unately it  is  not  clear  whether  even  an  accurate
observed  value  for  AV  will  be  able  to  pin  down  ft.
The  reason  is  that  AV  does  not  depend  so  much  on
the  total  mass  contained  in  the  Local  Supercluster
(or  in  a  sphere  centred  on  the  Virgo  Cluster  and
passing  through  our  location) ,  but  on  the  excess
mass  contained  over  what  the  mean  cosmological  den-

sity would  give.    We  thus  can  have  the  paradoxical

situation  that  of  two  models  (with  M/L  varying  dif
ferently) ,  both  giving  the  velocity  dispersion  of
the  cluster  core  correctly,  the  one  with  the  large
ft  may  predict  a  smaller  AV.

Some  attempts  have  also  started  to  measure
velocities  equivalent  to  AV  in  a  supercluster  con-

taining several  clusters  (Ford,  et  al.,  1981).  I
am  equally  sceptical  that  these  measurements  can
give  ft  directly,  but  I  am  confident  that  we  will
learn  much  about  the  formation,  structure  and  ev-

olution of  superclusters  from  such  studies.  From
such  understanding  will  eventually  also  come  a
value  for  the  elusive  parameter  ft  and  I  hope  there
will  be  a  more  definitive  Pollock  Memorial  Lecture
on  this  subject  before  the  end  of  the  millenium.
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Figure  1:  The  ratio  of  local  surface  mass  density
to  optical  surface  brightness  as

a  function  of  radial  distance  r  from  the
centre  of  an  individual  galaxy.

Figure  2:  A  schematic  picture  of  the  "initial  mass
function"  IMF  in  logarithmic  units  as  a
function  of  stellar  mass  M.  Typical
mass-to-light  ratios  are  also  shown.

Figure  3:  The  velocity  dispersion  of  systemic  gal-
axy velocities  as  a  function  of  angular

distance  8  from  the  centre  of  the  Virgo
cluster.    The  histogram  is  the  observa-

tional data,  the  curves  are  for  various
models  (labelled  by  Q  and  by  t  inu        i     4.   \   nowbrackets) .

Figure  4: A  schematic  picture  for  the  time  deve-
lopment of  a  density  enhancement  into

a  cluster.
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Papillatabairdia,   A   New   Ostracod   Genus   from   Brisbane   Water,
New   South   Wales

Christopher   Bentley

ABSTRACT.  A  new  podocopid  ostracod  genus,  Papi-llatdbaivdia  (Bairdiacea,  Bairdiidae) ,  is
described  from  Brisbane  Water,  N.S.W.,  with  a  new  species,    Papillatabaivdia  dentata.

INTRODUCTION

The  marine  Ostracoda  of  the  area  around  Sydney
were  first  described  by  Brady  (1880) .    They  were
collected  in  Port  Jackson  and  at  Station  164a
(Fig.  1)  by  the  Challenger  expedition  in  1874.
Until  now  nothing  further  has  been  published.  There
have  been  papers  published  on  Ostracoda  from  else-

where on  the  Australian  coast,  notably  by  McKenzie
(1967)  and  Hartmann  (1978,  1979,  1980).

The  present  paper  deals  with  a  new  genus  and
species  from  Brisbane  Water,  to  the  north  of  Sydney
off  Broken  Bay  (Fig.   1).     Further  papers  will  deal
with  the  remainder  of  the  fauna.

The  specimens,  consisting  entirely  of
carapaces  and  dissociated  valves,  were  collected
between  March  1977  and  January  1978.     The  drawing
(Fig.  2)  was  made  with  the  aid  of  a  Leitz  camera
lucida.     The  JEOL  JSM-35  scanning  electron  micro-

scope at  the  University  of  New  England  was  used
for  figures  3-7.

Holotype  and  paratypes  are  deposited  in  the
Australian  Museum,  Sydney  (catalogue  numbers
P30661-68) .     Paratypes  are  also  deposited  in  the
collection  of  the  Department  of  Geology  of  the
University  of  New  England  (number  F16363,
locality  number  L1821)  .

SYSTEMATIC  DESCRIPTION

Class  OSTRACODA  Latreille,  1806
Order  P0D0C0PIDA  Mtiller,  1894

Suborder  P0D0C0PA  Sars,  1866
Superfamily  BAIRDIACAE  Sars,  1866

Family  BAIRDIIDAE  Sars,  1888
Genus  PAPILLATABAIRDIA,  gen.  nov .

Type  Species  PAPILLATABAIRDIA  DENTATA,  sp.nov.

Derivation  of  name:  papilla  (Latin)  =  nipple,  and
the  generic  name  Baivdia,  from  the  appearance  of
the  ornament  of  the  valve.

Diagnosis:     Carapace  small  to  medium;  ovately
subtrapezoidal  in  lateral  view.     Surface  ornament
papillate.     Inner  lamella  broad  anteriorly,
narrower  posteriorly.    Marginal  pore  canals
numerous,  simple,  straight.     Two  shallow  vestibula
present .

Description:     As  for  the  type  species.     The  genus
is  at  present  monospecific.

Remarks:    Papillatabaivdia,  gen.  nov.,  can  be

distinguished  from  other  members  of  the  family
Bairdiidae  by  its  more  reniform  shape,  its  rectang-

ular posterior  and  its  papillate  ornamentation.

Papillataba.'Lvdia  dentata  sp .  nov.
(fig.  2-7)

1978  Bythooypvis  sp.  HARTMANN:  73-74;  Table  II
fig.  14-16

Derivation  of  name:  dentatum  (Latin)   -  toothed,
from  the  appearance  of  the  anteroventral  margin  of
the  valve  in  lateral  view.

Holotype:  P30664,  a  female  left  valve  (fig .  4).

Type  locality:     Channel  to  the  east  of  St  Huberts
Island,  Brisbane  Water.

Type  stratum:     Recent  muddy  sand.

Material:     45  specimens.

Diagnosis:  A  Papillatabaivdia  characterized  by  a
dentate  anterior  margin,  subrectangular  posterior
and  a  long  sinuous  dorsal  scar.

Description:     External:  Carapace  medium  sized,
subtrapezoidal  in  lateral  view,  anterior  margin
broadly  downturned,  ventral  margin  strongly
indented  medially;  posteroventral  margin  broadly
rounded.     Posterodorsal  margin  gently  convex;
dorsal  margin  strongly  arched,  apex  approximately
medial.     Subelliptical  in  dorsal  view,  tapered
anteriorly,  rounded  posteriorly,  laterally  gently
convex.     Greatest  height  approximately  medial,
1/2  length  of  valve.     Greatest  width  medial,  from
1/3  to  3/4  length  of  valve.     Left  valve  larger
than  right,  overlapping  continuously,  greatest
overlap  posterior.

Ornament  consists  of  abundant  papillae,  most
pronounced  at  and  near  anteroventral  margin
becoming  weaker  over  remaining  surface,  especially
dorsally.     Normal  pore  canals  mostly  situated  in
papillae,  occasionally  between  them;  mostly  open,
type  A  (sensu  Puri  and  Dickau,  1969)  .

Internal:     Inner  lamella  broad  anteriorly,
narrower  in  posterior;  long,  shallow  anterior  and
shallower  posterior  vestibula  present.  Marginal
pore  canals  abundant,  simple,  straight  (36  in
anterior).     No  marginal  pore  canals  in  papillae.
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