
642 PROCEEDINGS  OF   THE  BIOLOGICAL  SOCIETY   OF   WASHINGTON

Fig.  1 .  California  collection  sites  for  populations  of
Linderiella  used  in  this  study.  Open  star  indicates  the
type  locality  of  Linderiella  santarosae,  n.  sp.;  solid  star,
the  type  locality  oi  Linderiella  occidentalis  (Palo  Alto);
solid  circle.  Fields  Rd.  and  Tim  Bell  Rd.;  solid  square,
Prairie  City  OHV;  open  circle,  sites  sampled  by  Eng
et  al.  (1990),  open  triangles,  DB.  430  population  and
solid  triangle,  Marin  Co.  (DB.  878).

dried   and   coated   with   gold-palladium   for
observation  in  a  Cambridge  Stereoscan  360.
Specimens  of  related  species  used  for  mor-

phological comparisons  are  from  the  per-
sonal collections  of  A.  Thiery  (L.  africana:

Daya   Azigza,   6   Mar   1985,   Middle   Atlas,
Morocco  and  L.   massaliensis:   pond  of   Saint
Maximin,   7   Feb   1988,   France)   and   D.   Belk
(L.   occidentalis:   California,   DB,   430).   Ad-

ditional specimens  of  L.  occidentalis  either
were  collected  in  the  field  or  lab-reared  from
dry  mud  (see  locations  on  Fig.  1):  Lagunita,
Stanford   University,   Palo   Alto,   type   locality
of  L.   occidentalis   (soil   sample  collected  Nov
1989,   C.   Sassaman):   4   $,   length,   8.8-10.9
mm,  3   2(1   ovigerous),   length,   9.5-10.0   mm;
Tim   Bell   Road   (12   Mar   1988,   coll.   S.   Mor-
ey):   5   5,   length,   9.7-11.2   mm,   4   9   (2   ovi-

gerous), length,  1 1.0-13.3  mm;  Fields  Road
(12   Mar   1988,   coll.   S.   Morey):   7   $,   length,
9.7-10.6  mm;  7  2  (5  ovigerous),   length,  9.6-
12.0   mm;   Prairie   City   OHV.   (2   Feb   1990
coll.  M.  Fugate):  21  5,  length,  10.0-13.2  mm,
25   2   (20   ovigerous),   length,   12.6-18.0   mm,
and   Tehama   Co.   DB.   430   (28   Mar   1982):
8  $,  length,  10. 1-12.4  mm,  9  2  (9  ovigerous),
length,   10.2-14.6   mm.

Allele   frequencies   were   determined   using
starch   gel   electrophoresis   (see   Fugate   1992
for   detailed   methods)   for   three   populations
(Fields   Road,   14   individuals;   Tim   Bell   Road,
6   individuals;   Lagunita,   10   individuals)   of
Linderiella   occidentalis,   one   population
(Mesa   de   Burro,   14   individuals)   oi   Linderi-

ella santarosae  and  one  population  of  (7
individuals   from   Connecticut   Valley   Bio-

logical Supply)  Eubranchipus  vernalis  (Ver-
rill,   1869)   at   the   following   eight   loci:   malic
enzyme   (ME),   phosphoglucomutase   (PGM),
glucose-6-phosphate   isomerase   (PGI),
phenylalanyl-proline   peptidase   (PEP-D),
leucyl-alanine   peptidase   (PEP-C),   Glucose-
6-phosphate   dehydrogenase   (G6PD),   iso-
citrate   dehydrogenase   (IDH),   and   aspartate
aminotransferase   (AAT).   Nei's   pairwise   ge-

netic distances  (D)  were  calculated  from  the
allele  frequency  data  and  clustered  with  the
UPGMA   method   using   PHYLIP   3.4   (Fel-
senstein  1989).  Nei's  genetic  distance  (D)  is
an  estimate  of  the  number  of  allelic  substi-

tutions per  locus  between  two  populations
(Nei  1987  chap.  9).

Linderiella   santarosae,   new   species
Figs.   2-10

Material   examined.—  Holotype   S,   USNM
266798,   allotype   2,   USNM   266797   and   20
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Fig.  2.    Linderiella  santawsae,  n.  sp.:  habitus  male,  left  lateral  view  (scale  in  mm).

paratypes,   USNM   266796,   Mesa   de   Burro;
18   paratypes,   USNM   266795,   Mesa   de   Col-

orado; 4  paratypes.  Mesa  de  Colorado,  Mu-
seum National. d'Histoire  Naturelle,  Paris

(MNHN   Bp.   549).   Additional   specimens,
fixed   1   August   1989   from   Mesa   de   Colo-

rado, also  were  used  for  the  description.
These   individuals   were   lab-reared   from   soil
samples   collected   3   May   1988.

Type  locality.  —Vernal  pools  on  the  Santa
Rosa   Plateau   Reserve,   Riverside   Co.,   Cal-

ifornia (Fig.  1).  The  reserve,  located  6.5  km
southwest  of  Interstate  1 5  on  Clinton  Keith
Road   (33°32'N,   \\T\1'^),   is   bordered   on
the   northwest   by   the   Santa   Ana   Mountains
and  on   the   east   by   agricultural   and   urban
development   surrounding   the   cities   of   Mur-
rieta   and   Temecula.

Etymology.—  Tht   species   is   named   after
the   type   locality,   the   Santa   Rosa   Plateau,
Riverside   Co.,   California.

Ma/c—  Length,   10.1   mm;   to   telson,   9.0
mm.  Habitus  (Fig.   2).   Lengths  of   males  ex-

amined 6.4-10.2  mm.  Antenna  2  in  form
of   claspers   without   frontal   process.   Distal
segment   of   antenna   2   slender,   slightly
curved,   with   row   of   transverse   ridges   on
inner  surface  (Fig.  6a,  f,   h).  Tip  of  segment
slightly   inflated   and   bent   medially   (Fig.   6a,
g).   Basal   portion   of   row   slightly   sinuous,
contiguous  to  external  edge  on  distal  half  of
segment   (Fig.   lOh),   not   reaching   tip.   Basal
segment   of   antenna  2   stout   with   dorsome-
dially   projecting   basomedial   outgrowth
(Figs.   3A,   5F,   6a).   Outgrowth   with   slender,
laterally   curving  tip   and  spinose  plateau  on

inner  face  (Figs.  3B,  C,  6a,  7a,  f).  Spines  on
plateau   smooth   and   slightly   recurved   (Fig.
7a,  f).  Maxilla  2  of  common  type  with  single
stiff"  seta  on  tip  and  2-3  soft  setae  toward
base   (Cannon   &   Leak   1933,   Linder   1941).
Preepipodites   of   thoracic   appendages   ser-

rated (Fig.  3E).  Endopodite  rounded  with
small   spines   at   the   base   of   setulose   setae
(Fig.   3D).   Penes   rectilinear,   parallel.   Basal
part   non-retractile,   square   in   cross   section,
reaching   end   of   third   abdominal   segment,
with   slightly   curved   medially-directed   spur
ornamented   with   3-5   curved   spines   on   in-

ner side  (Figs.  3F,  8a,  c).  Eversible  tip  of
penes  with  smoothly  tapered  spine  (Fig.  8b).
Abdomen  with   dorsal   and   ventral   setae   60-
70   mm   long   (Fig.   8g,   h).   Cercopods   with
fine  setae  on  surface  and  setulated  setae  along
edges  (Fig.  8e,  f).

Female.  —Length   11.1   mm,   10.0   mm   to
telson,   ovigerous.   Lengths   of   females   ex-

amined 7.2-11.3  mm.  Antenna  2  with
straight   hom-like   process   originating   from
inner   side   of   basal   segment   (Fig.   4  A,   B).
Process   with   thick   base,   denticulate   on   dis-

tal half  (Fig.  4B).  Anterior  surface  of  basal
segment  hirsute,  bearing  irregular  row  of  se-

tae at  base  of  the  inner  process  (Fig.  4  A,  B).
Distal  segment  of  antenna  2  small,   tapering
to   point.   Brood   pouch   globular,   1.2   times
wider   than   long,   extending   to   abdominal
segment  3.   Pore  opens  subdistally  and  ven-
trally   (Fig.   4C,   D).   Resting   eggs   (=cysts)
spherical,   with   numerous   short,   tulip-shaped
spines   (Figs.   9a-i,   10a,   c);   diameter   230-
283   nm,   mean   diameter,   260.7   ±   13.8   ^m.
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Fig.  3.  Linderiella  santarosae,  n.  sp.  male:  (A)  head  frontal  view;  (B)  &  (C)  detail  of  the  basomedial  outgrowth;
(D)  shape  of  the  endopodite  of  the  appendage  7  with  an  enlarged  detail;  (E)  shape  of  the  preepipodites  of  the
appendage  7;  (F)  penes  in  ventral  view,  tip  not  everted,  with  detail  of  the  spurs  of  the  basal  nonretractile  part
(scales  in  /tm,  except  for  (A)  in  mm).
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Fig.  4.    Linderiella  santarosae,  n.  sp.  female:  (A)  &  (B)  second  antenna  dorsal  view;  (C)  brood  pouch  ventral
view;  (D)  brood  pouch  left  lateral  view  (scales  (A)  &  (B)  in  mm  &  (C)  (D)  in  ^m).

n  =   35  from  three  mature  females.   Spines,
18-23   /im   long,   with   flat   tops,   5-16   iim
wide   (Fig.   9d-i).   Most   tops   open   with   no
pore   visible   at   base   of   spines.   Irregularly,
spines  fused  at  bases  in  twos  or  threes,  mak-

ing short  walls  not  reaching  more  than  half
of  total  length  of  spine  (Fig.  9a,  b).  Spinose
outer   layer   surrounding   spongy   inner   layer
(Fig.   1   Od).   One  of   largest   mature  females
(8.2  mm)  with  14  eggs  in  brood  pouch.

Females   larger   than  males   through  same
cohort  as  previously  observed  for  other  Lin-

deriella species  (Dodds  1923,  Heath  1924,
Thiery   1986a,   Thiery   &   Champeau   1988).
Living   fairy   shrimps   white,   sometimes   pale
green   or   blue,   quite   translucent,   with   dark
red   eyes   and   reddish   orange   cercopods.
Brood   pouch   of   mature   female   with   white
shell  glands  and  gold  yellow  to  dark  bronze
resting  eggs.

Remarks.   —The  five  species  in   the  genus
Linderiella   are   distinguished   from   one   an-

other by  only  minor  morphological  differ-
ences (Thiery  &  Champeau  1988).  The  un-

described   Spanish   Linderiella   was   initially
identified   as   L.   occidentalis   (Alonso   1985)
and  Linderiella   santarosae  was  as  well   in   a
recent   survey   of   Californian   anostracans
(Eng  et  al.  1990).  The  form  of  the  male  an-

tenna 2  and  the  resting  egg  are  the  two  most
reliable   characters   for   distinguishing   L.   san-

tarosae and  L.  occidentalis  (Figs.  5-10),  but
minor  differences  are  also  found  in  the  form
of  the  medial  spur  on  the  penis  (Fig.  8a-d).
The   row  of   transverse   ridges   on   the   distal
segment  of  the  male  antenna  2  of   L.   occi-

dentalis is  more  sinuous  and  the  tip  of  the
segment  is  neither  sharply  bent  nor  slightly
inflated   (Figs.   6   &   lOh,   i).   The   paired   ba-
somedial   outgrowths   on   the   basal   segment



646 PROCEEDINGS  OF  THE  BIOLOGICAL  SOCIETY  OF   WASHINGTON

Fig.  5.  Comparison  of  basomedial  outgrowth  of  basal  segment  of  male  second  antenna  between  Linderiella
santarosae,  n.  sp.  and  different  populations  of  Linderiella  occidentalis  (Dodds):  L.  occidentalis.  (a)  Tim  Bell  Rd.;
(b)  Olsen  Rd.;  (c)  Lagunita  Palo  Alto;  (d)  Prairie  City  OHV;  (e)  DB.  430;  Linderiella  santarosae,  n.  sp.;  (0  Santa
Rosa  Plateau,  type  locality  (scale  in  mm).

of  the  male  antennae  2  of  L.  occidentalis  are
similar   in   form   to   those   of   L.   santarosae,
but   lack   the   slender,   outward   curving   tips
(Figs.   5,   6a-c,   &  7).   The  resting  eggs  of  L.

short,   tulip-shaped   (less   than   2%   of   the
spines  of  L.  occidentalis  eggs  have  a  flat  top)
and  the  spines  are  longer  in  L.  occidentalis
(27-33   /um)   than   in   L.   santarosae   (18-23

occidentalis   have   acute   spines   instead   of     Mm).
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Fig.  6.  SEM-micrographs  in  male  second  antenna,  (a)  L.  santarosae,  n.  sp.,  lateral  view;  (b)  inner  view  of
L.  occidentalis  (DB.  430);  (c)  inner  view  of  L.  occidentalis  (Prairie  City);  (d)  inner  view  of  L.  africana  (Daya
Azigza,  6  March  1985,  Middle  Atlas  Morocco);  (e)  inner  view  of  L.  massaliensis  (pond  of  St.  Maximin,  7
February  1988,  France);  (f)  L.  santarosae,  n.  sp.,  detail  of  row  of  transverse  ridges,  medial  part  of  second  segment,
lateral  view;  (g)  L.  santarosae,  n.  sp.,  inner  view  of  second  segment;  (h)  L.  santarosae,  n.  sp.,  detail  of  row  of
transverse  ridges,  apical  view  (scales  in  iim).
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Fig.  7.  SEM-micrographs  of  basomedial  outgrowth  on  inner  side  of  second  antennae  of  males  (inner  views),
(a)  L.  santarosae,  n.  sp.;  (b)  L.  africana;  (c)  L.  massaliensis;  (d)  L.  occidentalis  (DB.  430);  (e)  L.  occidentalis
(Prairie  City);  (f)  L.  santarosae,  n.  sp.  (scales  in  /nm).  Arrows  on  (a),  (d),  (e),  (f)  indicate  the  straith  or  curved
tip  of  the  basomedial  outgrowth.

Linderiella   africana   and   L.   massaliensis
(the   Spanish   Linderiella   is   still   undescribed)
also   differ   from   L.   santarosae   in   the   form
of  the  basomedial   outgrowth  on  antenna  2

of  the  male  (Fig.  7)  and  the  spines  of  the
resting   eggs   (Mura   &   Thiery   1986,   Thiery
&  Champeau  1988).  The  resting  eggs  of  the
Spanish   Linderiella   resemble   those   of   L.



Fig.  8.  SEM-micrographs  of  genital  and  abdominal  segments  of  males.  Linderiella  santarosae,  n.  sp.  (a-c)
&  (e-h);  (a)  ventral  view  of  genital  segments  of  abdomen,  nonretractile  structures  and  invaginate  penes;  (b)  idem,
with  devaginate  penes;  (c)  detail  of  nonretractile  structure,  with  teeth  on  inner  side  (arrow);  Linderiella  occidentalis
(DB.  430):  (d)  ventral  view  of  genital  segments  of  abdomen,  with  nonretractile  parts  and  invaginate  penes  (arrow
indicates  curved  inner  edge);  Linderiella  santarosae,  n.  sp.;  (e)  ventral  view  of  telson  and  cercopods;  (f)  detail
of  cercopods  with  hirsute  surface  (arrow);  (g)  ventral  view  of  abdomen  with  setae  (arrows);  (h)  detail  of  an
abdominal  seta  (scales  in  ^m).
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Fig.  9.  Linderiella  santarosae,  n.  sp.  SEM-micrographs  of  resting  eggs,  (a)  egg  from  single  female,  collected
1  January  1989,  (b)  &  (c)  eggs  from  two  different  females,  collected  1  January  1988;  (d)  detail  of  spines,  lateral
view;  (e)  detail  of  spines,  apical  view;  (0  idem,  lateral  view;  (g)  detail  of  a  characteristic  flat  tip,  lateral  view;  (h)
detail  of  a  flat  tip  in  apical  view;  (i)  idem,  with  opened  spine  (scales  in  ;um).
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Fig.  10.  Linderiella  santarosae,  n.  sp.  (a),  (c),  (d),  (h)  and  L.  occidentalis  (b)  &  (e)— Lagunita.  Palo  Alto,  (f)—
Prairie  City  OHV,  (g)— DB.  430;  (a)  whole  egg  entangled  with  mucus;  (b)  whole  egg,  with  some  broken  spines
(arrows)— (a)  &  (b)  same  scale;  (c)  lateral  view  of  flat  top  spines;  (d)  detail  of  spongy  inner  layer  of  egg;  (e-g),
three  detail  of  acute  spines  of  L.  occidentalis  eggs,  with  some  pores  at  their  bases  (arrows  indicate  pores  and
some  flat  top  spines);  (h)  inner  view  of  basal  part  of  second  antenna  of  male  (L.  santarosae,  n.  sp.)  note— slightly
sinuous  line  of  rows  (arrow);  (i)  idem,  L.  occidentalis,  note  the  sinuous  line  more  marked  (arrow)  (scales  in
Mm).
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Table  1.— Allele  frequencies  for  populations  of  Lin-
deriella  santarosae,  new  species  (1  =  Mesa  de  Burro).
Linderiella  Occident alis  (2  =  Fields  Rd.,  3  =  Tim  Bell
Rd.,  4  =  Lagunita),  and  Eubranchipus  vernalis  (5).

santarosae;  this  undescribed  species  also  has
tuUp-shaped  spines   (Alonso  &  Alcaraz   1984,
Thiery   &   Champeau   1988).   These   differ-

ences in  resting  egg  morphology  confirm
previous   studies   on   the   taxonomic   value   of
resting  egg  ornamentation  as  a  tool  for  iden-

tification of  most  anostracans  (see  review  in
Thiery   &   Gasc,   1991,   and   Mura   1991,
1992a,   1992b).

A   preliminary   electrophoretic   survey   po-
tentially provides  two  additional  characters

for  distinguishing  between  L.  santarosae  and
L.   occidentalis.   Although   samples   sizes   are
small   (14   L.   santarosae   &   30   L.   occiden-

talis), two  loci  (PEP-D  &  PGM)  show  fixed

allelic   differences   (Table   1).   Additional
sampling  may  show  these  allelic   differences
to  be  incompletely  fixed,   but  its   unlikely  to
substantially  alter  the  large  genetic  distances
between   the   two   species.   The   average   D
within   Linderiella   occidentalis   (3   popula-

tions) is  0.054  and  between  L.  occidentalis
and  L.   santarosae  is   0.378  (Fig.   1  1).   These
genetic  differences  are  similar  to  those  found
between   closely   related   species   in   the   an-
ostracan   genus   Branchinecta   (Fugate   1992).
For   example,   Branchinecta   lynchi   and
Branchinecta   sandiegonensis   Fugate,   1993
have   ranges   similar   to   L.   occidentalis   and
L.   santarosae,   respectively   (Eng  et   al.   1990,
Fugate   1992,   1993).   The   average   D   within
B.   lynchi   is   0.154   (9   populations)   and   be-

tween B.  lynchi  and  B.  sandiegonensis  (3
populations)   is   0.477.   A   limitation   in   the
electrophoretic   analysis   arises   due   to   the
limited   range   of   L.   santarosae;   the   close
proximity   of   the   pools   on   the   plateau   (<5
km)  allows  water  birds  to  freely  move  rest-

ing eggs  from  pool  to  pool  and  makes  the
entire   range   of   the   species   effectively   one
population.

Distribution   and   habitat.—  Linderiella
santarosae   is   currently   known   only   from
vernal  pools  on  the  Santa  Rosa  Plateau  Re-

serve, Riverside  Co.,  California.  The  Santa
Rosa   Plateau   is   approximately   300   km
southeast  of  the  nearest  known  populations
of   Linderiella   in   southern   California   (Ca-
chuma  Canyon,   Santa   Barbara   Co.,   34°42'N,
1  19°54'W,   personal   collection   of   Clyde   Er-
iksen,   A2-25;   Sulfur   Mountain,   Ventura   Co.,
34°26'N,   119°06'W,   personal   collection   of
Denton   Belk   DB.   693).   These   two   popula-

tions have  not  been  studied  electrophoret-
ically,   but   morphologically   appear   to   be
Linderiella   occidentalis.   Another   pool,   one
mile   northwest   of   Olema,   Marin   Co.   and
across  the  road  from  the  Visitors  Center  at
Point   Reyes   National   Seashore,   38°03'N/
122°48'W   (coll.   Gary   M.   Fellers,   collection
DB.   878),   is   reported   to   have   individuals
that  "look  like  L.  occidentalis,  but  have  eggs
with  some  short  flat-topped  spines"  (D.  Belk,



VOLUME  107,  NUMBER  4 653

L.   santarosae

-

r   L.    occidentaLis   2

^   L.    occidentaLis   3

L.   occidentaLis   4

E.   vernaLis

T TT T
0.9       0.8     0.7       0.6      0.5       0.4       0.3       0.2      0.1 0.0

Nei's  Genetic  Distance  (D)
Fig.  1 1 .  UPGMA  tree  of  Nei's  pairwise  genetic  distances  between  populations  of  Linderiella  occidentalis

and  L.  santarosae.  Linderiella  santarosae  1— Mesa  de  Burro,  L.  occidentalis  2— Fields  Rd.,  3— Tim  Bell  Rd.,
4— Lagunita,  Eubranchipus  vernalis  5  — Connecticut  Valley  Biological  Supply.

in  litt.).  We  have  not  seen  these  individuals,
but  it   would  appear  unlikely  that  these  are
individuals   of   L.   santarosae.

The  Santa  Rosa  Plateau  Reserve  is  an  iso-
lated unit  of  grassland  and  oak- woodland-

chaparral   in   southeastern   Riverside   Co.,
California,   owned  and  managed  by   the  Na-

ture Conservancy  (Lathrop  &  Thome  1968,
1978).   Two  large  (~3   km^),   flat-topped  me-

sas of  volcanic  origin  are  prominent  features
of   the   reserve   and   contain   thirteen   vernal
pools   ranging  in   size  from  25  m-^  to   over
100,000   m^.   The   mesas   are   capped   by   ol-

ivine basalt  lavas  that  have  weathered  to
form   soils   of   the   Murrieta   series.   The   av-

erage elevation  of  the  plateau  is  610  m  (La-
throp &  Thome  1976a,  1976b,  1983).

Collie   &   Lathrop  (1976)   report   that   pools
on  the  Santa  Rosa  Plateau  normally  fill  after
winter   rains   (November   to   April)   totaling
30^0   cm.   The   physico-chemical   features
of  the  1 3  vernal  pools  are  similar  to  those
of   pools   containing   L.   occidentalis   in   other
parts  of  the  state  (Eng  et  al.  1990);  the  con-

ductivity of  the  water  is  low  (147-1 89  yiimhos
cm"'   in   February   to   500-1050   in   June),   the
pH  is   near  7.0  and  water  temperatures  are
usually   below   20°C   when   L.   santarosae   is
present   (Collie   &   Lathrop   1976).   Linderiella
occidentalis  is  also  commonly  found  at  tem-

peratures below  20°C  and  higher  tempera-
tures may  be  limiting  to  adults  (Lanway

1974,   Patton   1984,   Eng   et   al.   1990).
The  flora  of  the  reserve  was  listed  by  Munz
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&   Keck   (1959)   and   later   was   characterized
in  a  series  of  papers  by  Lathrop  (1976),  La-
throp&   Thome   (1968,  1976a,b,   1978,  1983)
and   Thome   &   Lathrop   (1969,   1970).   Ko-
pecko  &  Lathrop  (1975)   quantified   the   veg-

etation in  and  around  the  vernal  pools  on
the  reserve  and  reported  the  following  gen-

era and  species,  also  common  in  pools  con-
taining Linderiella  from  France,  Spain  and

Morocco:   Isoetes,   Eleocharis,   Callitriche,
Juncus,   Marsilea   and   Ranunculus   aquatilis
(Maire   1924,   Barbero   et   al.   1982,   Alonso
1985,  Thiery  1987).  These  genera  have  been
labeled   "typical"   vernal   pool   plants   in   Cal-

ifornia (Jain  1976).
The   fauna   of   vernal   pools   on   the   Santa

Rosa   Plateau   is   poorly   characterized   (Pe-
quegnat   1951),   but   the   branchiopod   diver-

sity is  much  lower  than  that  found  associ-
ated with  the  other  four  Linderiella  species

(Alonso   1985,   Thiery   1986a,   Thiery   &
Champeau  1988).  The  other  four  species  are
often   found   in   pools   containing   notostra-
cans   and   conchostracans,   but   neither   are
present   in   pools   on   the   plateau.   Two   am-

phibians are  known  to  breed  in  the  pools
{Bufo   sp.   and   Hyla   sp.),   and   the   following
invertebrates   are   also   present   after   winter
rains:   Branchinecta   lynchi   (Anostraca),
Moina   sp.   (Cladocera),   calanoid   copepods,
Ostracoda,   Rotifera   and   Platyhelminthes.

Discussion

The   modem   disjunct   distribution   of   the
genus   Linderiella   has   been   the   subject   of
some   speculation   (Belk   1984,   Thiery   1986a,
1986b;   Thiery   &   Champeau   1988,   Bana-
rescu   1990).   These   authors,   using   indirect
evidence   from   a   variety   of   sources,   have
attributed   the   disjunction   to   a   vicariance
event   (sensu   Bemardi   1986,   Wiley   1988)
involving   the   fragmentation   of   an   ancestral
taxon   distributed   across   Laurasia.   A   num-

ber of  other  animal  and  plant  taxa  with  sim-
ilar ecologies  have  either  modem  or  fossil

distributions   across   the   Holarctic   (e.g.,   Ra-
ven 1971,  DiCastri  &  Mooney  1973,  Ban-

arescu   1990).   The   limited   fossil   records   of

branchiopods   indicates   that   modem   genera
may   have   been   formed   before   the   Creta-

ceous (Tmsheim  1938,  Tasch  1969,  Tm-
sova   1971,   Jell   &   Duncan   1986).   Also,   dis-

persal is  passive,  limited,  and  more  likely
to   occur   in   a   north-south   rather   than   an
east-  west   direction   (Proctor   1964,   Proctor
&   Malone   1965,   Cmden   1966,   Proctor   et
al.   1967,   Boileau   et   al.   1992,   Fugate   1992,
Saunders  et  al.  1993).

Although   the   vicariance   hypothesis   is
consistent   with   the   evidence   for   both   an-
cientness   and   limited   dispersal,   the   alter-

native hypothesis  of  long-distance  dispersal
cannot   be   fully   eliminated   due   to   the   lack
of  a  fossil  record  and  an  inadequate  under-

standing of  phylogenetic  relationships  with-
in the  Anostraca.  The  lack  of  a  fossil  record

is   difficult   to   surmount,   but   a   phylogeny
could   be   reconstructed   using   morphologi-

cal, biochemical  or  molecular  characters.
The   phylogeny   could   then   be   employed   to
test   the   coincidence  between  the   history   of
the  species  within  the  genus  and  the  history
of  the  geographic  regions  in  which  they  are
currently   found   (Brooks   1990,   Wiley   et   al.
1991).   Until   such   a   test   is   performed,   the
vicariance   hypothesis   will   remain   specula-
tive.
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TWO   NEW   MARINE   INTERSTITIAL   OSTRACODA

(CRUSTACEA:   PUSSELLIDAE)   FROM   FIJI

Shinichi   Hiruta

Abstract.   —Danipussella   rhamphodes   and   Pussellafijiensis   (Podocopida,   Bair-
diacea)   are   described   based   upon   specimens   collected   from   coarse   intertidal
sand  on  the  coral  reef  in  Viti   Levu,  Fiji.   These  two  species  are  discernible  from
congeneric   species,   mainly   in   the   morphology   of   carapace   and/or   copulatory
appendage.

Marine   interstitial   ostracods   are   one   of
the   useful   animal   groups   in   reconstructing
historical   biogeography   (Danielopol   &
Wouters   1992).   However,   our   knowledge   of
them  is  still   poor  in  respect  to  tropical  en-

vironments, especially  the  coral  reefs  (Dan-
ielopol &  Hartmann  1986).  The  present  pa-

per deals  with  two  new  marine  interstitial
species  of  the  genera  Danipussella  Wouters,
1988   and   Pussella   Danielopol,   1973   (Pus-
sellidae:   Bairdidacea:   Podocopida)   from   Fiji.
Several  pussellid  species  including  an  as  yet
undescribed   new   one   are   known   from   the
southwestern   Pacific   (Cabioch   et   al.   1986,
Danielopol   &   Wouters   1992).   The   ostra-

cods were  collected  during  the  survey  for
marine  invertebrates,   which  was  carried  out
by   Dr.   Ken-Ichi   Tajika,   during   the   Koshida
Team  Expedition,   a   part   of   ODMT  (the   Re-

search and  Exchange  Program  of  Osaka
University   in   the   South   Pacific   Region),   in
1985   (Koshida   etal.   1986).

Four   pussellid   specimens   were   discov-
ered in  samples  from  coarse  intertidal  sand

on  the   coral   reef   of   the   Suva   Barrier   Reef
in   the   vicinity   of   Suva   in   Viti   Levu,   Fiji.
Two   of   them,   possibly   a   female   and   a   ju-

venile, sustained  damage  to  the  carapace
and   appendages.   Two   other,   male   speci-

mens belonging  to  the  above-mentioned
genera   were   found   in   good   condition.   The
male  holotypes  of  the  two  new  species  are
deposited   in   the   National   Science   Museum,
Tokyo   (NSMT).

Superfamily   Bairdiacea   Sars,   1865
Family   Pussellidae   Danielopol,   1976
Genus   Z)a«/pw55e//a   Wouters,   1988

Danipussella   rhamphodes,   new   species
(Figs.  1,  2)

Specimen   examined.  —YloloXype   male:
Fiji   (NSMT-Cr   11412).   Specimen   was   col-

lected by  Dr.  Ken-Ichi  Tajika  from  the  Suva
Barrier   Reef   in   the   vicinity   of   Suva   in   Viti
Levu,   16   Oct   1985.

Etymology.—  The.   specific   name   is   de-
rived from  Greek  rhamphodes  meaning

beaklike,   in   reference  to   the  beak  shape  of
the   ventral   process   of   the   copulatory   ap-
pendage.

Description.  —Yevaaie   unknown.   Male
(holotype).   Carapace   (Fig.   1-1-3;   Fig.   2-1-
4)   elongate,   thin,   0.568   (both   valves)   mm
long,   0.205   (right)   mm   high;   dorsal   margin
evenly   arched   (Fig.   1-1   somewhat   de-

formed), connected  smoothly  with  posterior
rounded   margin;   ventral   margin   concave   in
the   middle;   posteroventral   margin   convex;
anterior   margin   straight,   connected   with
dorsal   and   ventral   margins   at   almost   right
angles;   anterior   surface  of   valve   near   ante-

rior margin  with  two  large  processes  which
are  triangular   in   lateral   view  and  have  ter-

minal stout  spines:  internally  these  pro-
cesses are  connected  with  the  vestibulum.

Surface  smooth,  with  some  long  hairs  along
the  ventral  margin.  Inner  margin  parallel   to
anterior   margin;    posterior   inner   lamella
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