
- J M S *
O ffprin t from  “M arine Biology”

International Journa l on L ife  in  Oceans and Coastal Waters, Vol. 3, N o . 2, J u n e  1969, Pages 110— 116

Springer-Verlag, Berlin • Heidelberg ■ New York

Instituai w or Z e w r f w s d f iK Ä  o u t e m !  
Insfiiute fcf fe&iic n*33oarà

Printè* ttftabeVhtaen 69 
8401 Brüden« * Belgium * f el. 059 / 80 37 15

Slow developing demersal embryos and larvae of the antarctic sea star Odontaster validus

J .  S. P e a u s e

Department of Biological Sciences, Stanford University; Stanford, California, USA



110 J. S. P e a r s e : Development of embryos and larvae of Odontaster Mar. Biol.

Abstract
The early development of Odontaster validus a t McMurdo 

Sound, Antarctica, is indirect and includes equal cleavage, a 
convoluted blástula, a free-swimming coeloblastula, a gastrula, 
and a feeding bipinnaria larva. Development differs from that 
of other asteroids in two respects: (1) The developmental rate 
is extremely slow ; blastulae form nearly 2 days after fertiliza­
tion, gastrulation begins after 7 days, and the bipinnaria devel­
ops in about 40 to 55 days. The slow developmental rate appears 
to be only partly  related to the low environmental temperature 
(-1 .5  °C). (2) The embryos and larvae are largely demersal. 
Such behavior may be an adaptation to keep the larvae out of 
antarctic surface waters, as does brooding in many other polar 
echinoderms.

In troduction
T he ea rly  developm ent o f astero ids has been d e­

scribed fo r m an y  te m p era te  a n d  trop ica l species (e.g. 
M o r t e n s e n , 1921, 1931, 1937, 1938). H ow ever, in  
po la r regions w here h arsh  conditions have m ade long­
te rm  la b o ra to ry  observa tions difficult, lit tle  com ­
parab le  in fo rm atio n  is available. T he recen t estab lish ­
m e n t o f  p e rm a n en t biological laborato ries in  the  
an ta rc tic , p a rticu la rly  in  M cM urdo Sound (W o h l- 
s c h l a g , 1963), p rovides new  opportun ities to  m ake 
such  observations.

T he a s te ro id  Odontaster validus K o e h l e r  is one 
of th e  m o st a b u n d a n t an im als around  th e  an ta rc tic  
coast. E m bryos a n d  la rvae  o f th is  species w ere m ain ­
ta in ed  d u ring  1961 a t  M cM urdo S ta tio n  ( P e a r s e , 
1962). T h e  p rese n t p ap e r  p rov ides m ore de ta ils  on 
these  em bryos an d  la rvae  an d  draw s special a tten tio n  
to  th e ir  u n usua lly  slow  ra te s  of developm ent a n d  th e ir  
dem ersal h ab it.

M aterials and methods
Specim ens of Odontaster validus w ere collected in 

M cM urdo S ound w ith  m ea t-b a ited  tra p s  se t a t  abou t 
20 m , as described prev iously  ( P e a r s e , 1965).

Odontaster validus spaw ns during  th e  a u s tra l w inter 
from  M ay th ro u g h  m id-S eptem ber ( P e a r s e , 1965, 
1966). Spaw ning occurred in  th e  lab o ra to ry  on only 
one occasion; 10 o f 35 exceptionally  ripe anim als 
collected on  S ep tem ber 4, 1961, from  Cape Evans, 
M cM urdo Sound, spaw ned  w ith in  5 to  105 m in  after 
being le ft o u t o f w a te r  a t  room  tem p era tu re . A  sim ilar 
spaw ning response to  being left ou t of w a te r  w as re­
p o rted  b y  N e w m a n n  (1925) for P atiria  m iniata. 
O ocytes spaw ned from  1 fem ale w ere m ixed  w ith 
sperm  spaw ned  from  1 m ale of th e  S ep tem ber Cape 
E v an s  sam ple. N inety -six  p ercen t o f th e  spawned 
oocytes un d erw en t fertiliza tion , ind ica ting  th a t  only 
rip e  oocytes w ere spaw ned. These fertilized  oocytes 
w ere m a in ta in ed  an d  th e ir  developm ent followed.

G am etes fo r o th e r  cu ltu res o f  em bryos w ere o b ­
ta ined  from  excised gonads. O varies w ere d issected  
from  fem ales an d  p laced  in  finger bowls con tain ing  
filtered seaw ater k e p t a t  — 1.5 +  1 °C. A fte r th e  
oocytes w ere shed from  th e  excised ovaries for 5 m in, 
the  ovaries w ere rem oved  a n d  a  few drops of sperm  
collected from  a  fresh ly  d issected  m ale w ere added . 
Cultures w ere s ta r te d  from  excised gonads on  th e  
following da tes  in  1961: Ju n e  25 (3 cu ltu res), J u ly  15 
(7 cultures), A u g u st 6 (5 cu ltu res), a n d  S ep tem ber 4 
(6 cultures). A tte m p ts  w ere also m ade  to  estab lish  
cultures from  g am etes collected from  excised gonads 
in  Ja n u a ry , F eb ru ary , A pril, la te  Septem ber, O ctober, 
N ovem ber an d  D ecem ber, 1961; th ese  a t te m p ts  w ere 
unsuccessful because all th e  oocytes w ere im m atu re  
( P e a r s e , 1965).

T he percen tage o f oocytes shed  from  excised ovaries 
th a t u n d e rw en t fe rtiliza tion  v aried  from  less th a n  
1 to  36% . These v a ria tio n s  reflected  th e  ripeness o f th e  
ovaries; large ripe ovaries from  fem ales w ith  high 
gonadal indices generally  y ie lded  th e  h ighest p e rcen t 
of fertilizable oocytes. P rocedu res for hand ling  ovaries 
and oocytes th a t  m ig h t affect th e  p e rcen t fertilized  
were also te s te d  in  Ju ly . Single ovaries w ere d issected  
from each  o f 4 an im als an d  t re a te d  to g e th e r  for each  
of 5 trea tm e n ts . Tw elve to  14 h  a f te r  th e  shed  oocytes 
were m ixed  w ith  sperm , 50 to  100 cells w ere collected 
and  th e  n u m b er o f zygotes counted . T h e  tre a tm e n ts  
and  p ercen t fertilized  w ere: (1) ovaries p laced d irec tly  
in  seaw ater a t  — 1 .5°C  for shedding, 32%  fertilized ; 
(2) ovaries rinsed  in  seaw ater a t  —1.5 °C, a n d  th e n  
placed in  shedding  dishes a t  —1.5 °C, 2 cu ltu res, 21 
and  20%  fertilized ; (3) ovaries rin sed  a n d  p laced in  
seaw ater w ith  2 %  coelom ic fluid a t  —1.5 °C, 17%  
fertilized  ; (4) ovaries exposed in  th e  d issected  an im als 
a t  room  te m p e ra tu re  (c. 20 °C) for 5 a n d  10 m in, 
rinsed an d  p laced  in  sea-water a t  — 1.5 °C, 13 a n d  14%  
fertilized, respectively ; (5) ovaries rin sed  a n d  placed 
in  seaw ater a t  + 5 °  +  2 °C, 18%  fertilized. T he h ighest 
p ercen t fertilized  w as o b ta in ed  w ith  th e  un rin sed  
ovaries; rinsing  p ro b ab ly  w ashed aw ay  m a n y  ripe 
oocytes. A lthough  J ust  (1939) found  th a t  coelomic 
fluid te n d ed  to  be to x ic  to  as te ro id  oocytes, add itio n  
o f 2 %  coelom ic fluid to  th e  filte red  seaw ater h a d  lit tle  
effect. T here w as li t t le  difference in  p e rcen t fertilized  
betw een  rinsed  oocytes a t  —1.5 °C an d  + 5 .0  °C. M ore­
over, m an y  o f th e  oocytes ap p eared  to  to le ra te  5 and  
10 m in  exposures to  room  tem p era tu re s .

T h e  developing em bryos an d  la rvae  w ere m ain ­
ta in ed  in  filtered  seaw ater in  finger bowls p laced in  
po lyethy lene p an s  filled w ith  seaw ater. T he pans, w ith
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th e  finger bowls, w ere p laced in  e thy lene  glycol 
coo lan t in  a  L ab line  Tem pm obile. T he te m p e ra tu re  
was k e p t a t  —1.5 +  0.5 °C. One cu ltu re  m a in ta in ed  a t  
+ 5  +  2 °C w as k e p t in  a  refrigerato r. T he cu ltu res 
w ere k e p t in  com plete darkness ex cep t fo r b rie f 
periods o f obse rva tion . W a te r  changes w ere m ade 
ev e ry  4  d ays b y  d ecan ting  off 1/2 to  3/4 o f th e  cu ltu re  
w a te r  a n d  rep lacing  i t  w ith  fresh ly  filtered  seaw ater. 
I n  th e  few cases w hen th e  an im als w ere sw im m ing off 
th e  b o tto m , th e  u p p e r h a lf  o f th e  cu ltu res, w ith  th e  
h e a lth y  specim ens, w ere d ecan ted  in to  bow ls w ith  
fresh  filtered  seaw ater.

O bservations o f th e  em bryos an d  la rvae  w ere m ade 
b y  sucking 25 to  100 ind iv iduals in to  a  sm all p ip e tte  
a n d  sp read ing  th e m  on  a  glass slide. T h e  various stages 
w ere qu ick ly  coun ted  a n d  th e  specim ens rep laced  in  
th e  cu ltu re  dishes. W hen  ex ten d ed  o bserva tions an d  
p h o tog raphs w ere m ade  (tak ing  m ore th a n  a  few 
m inutes) th e  specim ens w ere d iscarded .

Results
F e r tiliz a tio n  

Changes a f te r  fe rtiliza tio n  p roceeded  in  close sy n ­
ch rony  in  th e  one cu ltu re  es tab lished  from  spaw ned
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Fig. 1. Developmental stages of Odontaster validus, (a) Zygote before female maturation divisions showing prominent 
germinal vesicle, 30 min; (b) two-celled stage showing polar body within fertilization membrane, 13 h; (c) eight-celled stage, 
32 h; (d) morula, 68 h; (e) convoluted blástula, 5 days; (f) free-swimming coeloblastula shortly after release from fertilization 
membrane, 8 days; (g) late gastrula with mesenchyme cells and the formation of enterocoels and the stomodaeum, 44 days; 
(h) early bipinnaria larva with complete gut, enterocoels, and 2 ciliary bands, 62 days; (i) bipinnaria larva with resorbed 
enterocoels, 80 days. All were drawn from photographs and adjusted to the same magnifications and actual times after

fertilization given
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gam etes. O nly p rim a ry  oocytes w ith  in ta c t  germ inal 
vesicles w ere spaw ned, an d  no germ inal vesicle b re a k ­
dow n occurred  for a t  least 35 m in  a f te r  th e  oocytes 
w ere spaw ned. T en  m in  a fte r th e  sperm  w ere in tro ­
duced, fe rtiliza tio n  m em branes ap p eared  (Fig. l a ) ,  
b u t  th e  germ inal vesicles rem ain ed  in ta c t  a t  le as t 1 h 
a f te r  fe rtiliza tion . All th e  zygotes h a d  undergone 
m a tu ra tio n  div ision  a f te r  7 h, an d  th e  po lar bodies 
w ere p re se n t u n d e r  th e  fe rtiliza tio n  m em branes 
(Fig. lb ) .

S im ilar changes occurred  in  oocytes shed  from  
excised ovaries. G erm inal vesicle b reakdow n  d id  n o t 
occur in  artific ia lly  shed  oocytes fo r u p  to  3.5 h  before 
sperm  in tro d u c tio n . M a tu ra tio n  div isions usually  
occurred  several hours a fte r fertiliza tion . H ow ever, 
m a tu ra tio n  divisions d id  n o t occur in  u p  to  35%  of 
th e  oocytes t h a t  fo rm ed fertiliza tion  m em branes. 
A p p aren tly  m an y  im m atu re  oocytes shed  from  th e  
excised ovaries w ere capable o f raising  a  fe rtiliza tion  
m em brane, b u t  incapab le  o f undergoing  m a tu ra tio n  
divisions.

D esc r ip tio n  oj developm ent

D evelopm ent to  a n  arm less b ip in n a ria  la rv a  w as 
sim ilar to  t h a t  in  o th e r  astero ids w ith  in d ire c t develop­
m en t. H oloblastic , equa l cleavage (Fig. l b ,  c) led  to  a 
m oru la  com posed of re la tiv e ly  large b lastom eres 
(Fig. Id ) .  T h e  m oru la  stage was follow ed b y  a  m uch 
convolu ted , generally  4-lobed, b lá s tu la  s tag e  (Fig. l e )  
ty p ic a l o f o th e r  phanerozon id  as te ro id s  w ith  ind irec t 
developm ent (M o r t e n s e n , 1913 a ;  H ö r s t a d it j s , 1939; 
N e w t h , 1925). A  c ilia ted  coelob lastu la  (Fig. I f )  
developed from  th e  convo lu ted  b lá stu la , an d  escaped 
from  th e  fe rtiliza tio n  m em brane. G astru la tio n  occurred  
b y  invag ination , m esenchym e becam e sc a tte red  in  th e  
blastocoel, a n d  ev en tu a lly  p a ire d  enteroeoelic pouches 
ap p eared  (Fig. lg ) .  Follow ing stom odaeal b rea k ­
th ro u g h , th e  ea rly  b ip in n aria  la rv a  developed w ith  pre- 
an d  p o sto ra l c iliary  b an d s1 (Fig. lh ) .  N o au ricu larian  
stage w ith  a  single ciliary  b a n d  w as seen.

T h e  ea rly  b ip in n aria  la rvae  show ed l it t le  fu rth e r  
change even  th o u g h  som e w ere m a in ta in ed  fo r u p  to  
60 days. F a ilu re  o f co n tin u ed  deve lopm en t was 
p ro b ab ly  due to  lack  o f su itab le  food ; th e  en terocoels ^ 
began  to  be reso rbed  a b o u t 80 d ay s  a f te r  fe rtiliza tio n  
(Fig. l i ) .  T hese la rv ae  all reached  th e  b ip in n a ria  stage H
during  th e  la te  a u s tra l w in te r before th e  beg inning  o f ~s
th e  sum m er p h y to p la n k to n  bloom  ( L i t t l e p a g e , 1965). £
B ecause th e re  w as lit tle  p h y to p la n k to n  p resen t, a n d  | .
because th ese  la rv a e  w ere dem ersal (see below), th e ir  |
no rm al food m ig h t h av e  consisted o f b o tto m  m ateria l. a
F in e  suspensions o f b o tto m  m a te ria l o b ta in ed  from  a 
grab , an d  consisting  m ain ly  of d e tritu s , c ilia tes a n d  
flagellates, w ere offered period ically  to  th e  larvae. 
M ateria l was o ften  p resen t in  th e  la rv a l s tom achs a fte r

1 Usage of the term bipinnaria for this stage follows M o r - 
t e n s e n  (1931,1937,1938) and H ö r s t a d iu s  (1939). C o s t e l l o  
e t al. (1957) refer to  this stage as the dipleurula.

such feedings, y e t th e  la rv ae  s till reso rbed  th e ir  
enterocoels an d  ev en tu a lly  died.

R a te  o f developm ent 
T he ra te s  o f developm ent o f these  cu ltu res  w ere 

ex trem ely  slow. A s show n in  F ig. 2, how ever, th e  
developm enta l ra te s  w ere sim ilar in  th e  cu ltu res begun  
on  d iffe ren t da tes . T h e  chronology of th e  firs t observed 
appearances o f w ell defined deve lopm en ta l stages 
w as: cleavage, 0.67 d a y ; convo lu ted  b lá s tu la , 1.67 
d ay s ; coelob lastu la , 5 d ay s ; g as tru la , 7 d ay s ; m esen­
chym e appearance , 20 d ay s ; enterocoel appearance,

20 30 10 20 30 10 20 30 10 20 30 10 20
Ju n e  Ju ly  Aug. S ep t. Oct.

1961
Fig. 2. Chronology within the 4 sets of cultures of Odontaster 
validus embryos. The earliest appearance of each developmental 
stage is followed. The developmental stages are: 1 zygote; 
2 cleavage; 3 convoluted blástula; 4 coeloblastula; 5 gastrula; 
6 mesenchyme appearance; 7 enterocoel appearance; 8 stomo­
daeal breakthrough; 9 bipinnaria. The arrows indicate when 
the embryos began to swim on the surface ( f  ) and when they 

settled again on the bottom ( i )
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Fig. 3. Odontaster validus. Developmental rates to gastrulation 
in 1 culture of embryos maintained a t +5° +  2 °C (- - - -) and 
6 cultures of embryos maintained a t -1.5° +  0.5 °C (mean 

and range). Developmental stages as given in Fig. 2
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30 days ; s tom odaeal b reak th ro u g h , 38 days ; com pleted  
ea rly  b ip innaria , 55 days. B ecause these  la rv ae  fed  
lit tle  or n o t a t  all, th e  tim e  ta k e n  to  reach  th e  b ip in ­
n a ria  m a y  have been  abno rm ally  long; w ith  food, 
perh ap s th e  ea rly  b ip in n aria  s tag e  could be reached  
sh o rtly  a f te r  stom odaeal b rea k th ro u g h  in  as lit tle  as 
40 days.

One cu ltu re  was begun  on  J u ly  15, 1961 an d  m a in ­
ta in ed  to  g as tru la tio n  in  a  re frig era to r a t  + 5 °  +  2 °C. 
F ig. 3 com pares th e  ra te  of developm ent in  th is  cu ltu re  
w ith  th e  ra te s  o f deve lopm en t o f 6 o th e r  cu ltu res 
begun  w ith  g am etes from  th e  sam e an im als an d  m a in ­
ta in ed  a t  — 1.5° +  0.5 °C. (These w ere th e  cu ltu res 
resu ltin g  from  th e  fe rtiliza tio n  te s ts  g iven  in  th e  
M ateria ls an d  m ethods section.) T im e to  cleavage a fte r 
fe rtiliza tio n  in  th e  -j-5 °C cu ltu re  w as ab o u t h a lf  th a t  
in  th e  cu ltu res a t  —1.5 °C. H ow ever, no  difference 
could be d e tec ted  in  th e  tim es to  reach  la te r  stages of 
developm ent.

B eh a v io r  o f the em bryos a n d  larvae
T he em bryos a n d  la rvae  o f Odontaster validus  

a lm o st alw ays s ta y ed  close to  th e  b o tto m  of th e  cu ltu re  
dishes. A fter release from  th e  fe rtiliza tio n  m em branes, 
th e y  seem ed to  ac tiv e ly  seek th e  low est po rtio n s o f th e  
dishes (th e  o u te r  ring  o f th e  finger bowls), a n d  large 
n u m b ers  o f h e a lth y  em bryos co n cen tra ted  in  these  
depressions. E a c h  cu ltu re , how ever, w e n t th ro u g h  a 
b rie f period  (3 to  6 days) w hen  th e  la te  g as tru la  em ­
bry o s sw am  off th e  b o tto m  a n d  n ea r  th e  surface ; th is  
period  is in d ica ted  in  F ig. 2. E m b ry o s in  a ll th e  cu ltu res 
begun  on  th e  sam e d a y  w en t th ro u g h  th e  surface- 
sw im m ing behav io r a t  th e  sam e tim e. A fte r th e  b rie f 
surface-sw im m ing period, th e  em bryos aga in  concen­
tr a te d  in  th e  low est po rtio n s of th e  d ishes an d  were 
ra re ly  fo und  off th e  bo ttom .

Discussion

D evelo p m en t rate

A com parison am ong d iffe ren t astero ids show s a  
generally  d irec t re la tio n sh ip  betw een  la titu d e  an d  
developm enta l ra te  (Table 1); m o st tro p ica l form s 
develop fa s te r  th a n  m o st te m p era te  form s. T his 
re la tionsh ip  betw een  developm enta l ra te  a n d  la titu d e  
a lm ost ce rta in ly  reflects a  te m p e ra tu re  re la tionsh ip . 
D evelopm en t o f L u id ia  savignyi in  th e  R ed  Sea 
(ab o u t 30 °C), for exam ple, is close to  3 tim es as rap id  
as th a t  o f P orania  pu lv illus  off S co tland  (abou t 15 °C). 
W ith  such  a  com parison, th e  Q10 for as te ro id  develop­
m e n ta l r a te  ap p ears  to  be ap p ro x im ate ly  2. T he d e­
v e lopm en ta l r a te  to  g as tru la tio n  of Odontaster validus  
a t  — '1.5 °C is in  fa ir  accordance w ith  such  a  Q10; i t  is 
a b o u t h a lf  th a t  of P . pulvillus. E a r ly  deve lopm en t o f
0 . validus, th e refo re , show s no  ev idence of te m p era tu re  
a d a p ta tio n . M oreover, as d iag ram m ed in  F ig . 4, post- 
g as tru la  developm ent in  0 . va lidus  is m u ch  slower 
th a n  w ould be p red ic ted  b y  com parisons w ith  o th er 
astero ids ; developm ent to  th e  b ip in n a ria  in  P .  
pulv illus  is ab o u t 6 to  8 tim es fa s te r  th a n  in  0 . validus.

As also in d ic a ted  in  T ab le  1, developm enta l ra te s  in  
astero ids a re  u n d o u b te d ly  influenced b y  fac to rs o th e r 
th a n  te m p era tu re . Som e tro p ica l as tero ids have 
re la tiv e ly  slow developm enta l ra te s  (e.g. L in ck ia  
m ultifora), som e te m p e ra te  form s h av e  re la tiv e ly  rap id  
deve lopm en ta l ra te s  (e.g. P a tir ia  m in ia ta), a n d  3 
species o f Astropecten  from  d iffe ren t la titu d e s  a re  r e ­
p o rted  to  h av e  th e  sam e developm enta l ra te s . I t  is 
p robab le  th a t  th e  slow  ra te  o f deve lopm en t in  Odon­
taster validus, p a rticu la rly  a f te r  g as tru la tio n , resu lts  
from  fac to rs o th e r  th a n  low  tem p era tu re .

T here  is som e evidence th a t  o th e r in d irec tly  
developing ech inoderm s in  cold w a te rs  have ex trem ely

Table. 1. Comparison of asteroid developmental rates. (Approximate times in  days)

Species Locality Beginning of 
gastrulation

Early
bipinnaria

Investigator

Luidia savignyi Red Sea 1 2 M o r t e n s e n  (1 9 3 8 )
Pentaceraster mammillatus Red Sea 1 2 M o r t e n s e n  (1 9 3 8 )
Patiria pectinifera Japan 1 2 M o r t e n s e n  (1 9 2 1 )
Patiria miniata California 1 3 N e w m a n n  (1 9 2 5 )
Linckia laevigata Java Sea ? 3 M o r t e n s e n  (1 9 3 1 )
Astropecten polyacanthus Red Sea 1 3 M o r t e n s e n  (1 9 3 7 )
Astropecten aranciacus Italy 1 3 H ö r s t a d i u s  (1 9 3 9 )
Astropecten irregularis England 1 3 N e w t h  (1 9 2 5 )
Asterias forbesi Connecticut 1 3 —4 L a r s e n  (1 9 3 7 )
Ophidiaster guildingii Tobago ? 4 M o r t e n s e n  (1 9 2 1 )
Asterope carinifera Red Sea 1 6 M o r t e n s e n  (1 9 3 7 )
Acanthaster planci Java Sea 1 6 M o r t e n s e n  (1 9 3 1 )
Asterias vulgaris Massachusetts 1 6 F i e l d  (1 8 9 2 )
Pisaster ochraceus British Columbia 2 4 — 5 M o r t e n s e n  (1 9 2 1 )
Gymnasteria carinifera Hawaii 2 5 M o r t e n s e n  (1 9 2 1 )
Linckia multifora Red Sea 2 5 M o r t e n s e n  (1 9 3 8 )
Asterias rubens Scotland 2 6 C e m m t l l  (1 9 1 4 )
Evasterias troscheli British Columbia 2 — 3 4 — 5 M o r t e n s e n  (1 9 2 1 )
Pycnopodia helianthoides Washington State 2 — 3 5 G r e e r  (1 9 6 2 )
Luidia ciliaris England 3 6 M o r t e n s e n  ( 1 9 1 3 a )
Porania pulvillus Scotland 3 — 4 7 G e m m i l l  (1 9 1 5 )
Odontaster validus Antarctica 7 4 0 — 5 5 this paper
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slow developm enta l ra te s . D evelopm ent o f th e  a rc tic  
oph iu ro id  Ophiocten sericeum  is ex trem ely  slow an d  
m etam orphosis occurs ab o u t 6 m on ths a f te r  spaw ning 
( P e a r s e , 1 965). P erh ap s  developm ent to  m e tam o rp h o ­
sis o f th e  abyssa l ophiuro id  O phiura ljungm ani is as 
slow (S c h o e n e r , 1 968). I f  m etam orphosis in  Odon­
taster validus occurs 6 m on ths a fte r spaw ning, i t  w ould 
ta k e  place som etim e d u ring  th e  la t te r  h a lf  o f th e  au s tra l 
sum m er.

T h e  unm odified ra te  o f d evelopm ent a f te r  cleavage 
a t  + 5  °C co n tra s ts  sh a rp ly  w ith  sim ilar experim en ts 
done w ith  echinoids. O nly  a  th ree-degree  rise in  te m ­
p e ra tu re  (from  20° to  23 °C ) decreases th e  tim e  to  
g as tru la tio n  b y  m ore th a n  25%  in  Arbacia punctulata  
(C o s t e l l o  e t  al., 1957). W ith  on ly  one ex p e rim en t a t  
on ly  one h igher te m p era tu re , how ever, i t  is b y  no

B

a
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QJ>aia

Z
0 5 10 15 20 25 30 35 40 45 50 55 60

Days

Fig. 4. Comparison of developmental rates of (1) fast devel­
oping asteroid Luidia savignyi in the Red Sea a t about 30 °C 
(M o r t e n s e n , 1938); (2) slow developing asteroid Porania 
pulvillus off Scotland a t about 15 °C (G e m m il l , 1915); (3) 
Odontaster validus a t -1 .5  °C. Dotted line indicates possible 
post-gastrula developmental rate in Odontaster validus with 
suitable food present. Development stages: Z zygote, G 

gastrula, B bipinnaria

m eans conclusive th a t  th e  developm enta l ra te  of 
Odontaster validus  is insensitive  to  te m p era tu re . I n  
several a n ta rc tic  fish, resp ira tio n  increases m arked ly  
w ith  te m p era tu re  rises f r o m — 1.5° to  a b o u t 5 ° C ,  b u t 
decreases above 5 °C (W o h l s c h l a g , 1964). R esp ira tio n  
in  th e  a n ta rc tic  eup h au sid  E u p h a u sia  superba  in ­
creases from  0° to  5 °C, b u t  no  fu rth e r  increase occurs 
a t  h igher te m p e ra tu re s ; indeed , te m p e ra tu re s  above 
4 °C are  le th a l w ith in  24 h  (M cW h i n n i e , 1964). T he 
deve lopm en ta l ra te  of 0 . validus em bryos m a y  also 
increase w ith  te m p era tu re , u p  to  a b o u t 4° to  5  °C , b u t 
deleterious effects o f h igher te m p era tu re s  m a y  well 
co u n ter a n y  fu rth e r  s tim u la to ry  effects. I t  is also of 
in te re s t t h a t  th e  tim e  to  cleavage was h a lv ed  a t  5 °C  ; 
perh ap s th e  d isru p tiv e  effects o f 5  °C  a re  less p ro ­
nounced  on  th e  re la tiv e ly  few enzym e system s involved  
in  v e ry  ea rly  developm ent, th a n  la te r  w hen m ore en ­
zym e coo rd ina tion  p ro b ab ly  com es in to  play.

Demersal behavior
T h e m a in ta in ed  Odontaster validus  em bryos an d  

la rvae  sp e n t th e  g re a t m a jo rity  o f th e  tim e  as b o tto m  
sw im m ers. T his behav io r suggests t h a t  th e y  are  
dem ersal ra th e r  th a n  pelagic. Such a  suggestion  is 
su p p o rted  b y  consideration  of th e  a n ta rc tic  p lank ton . 
O nly a  few  pelagic ech inoderm  la rv ae  (including a  
b ip innaria) a re  know n from  th e  a n ta rc tic  (e.g. M o r ­
t e n s e n , 1913 b), a n d  ech inoderm  la rv ae  (as well as 
trochophores, veligers, a n d  sim ilar la rvae) h av e  long- 
been  n o tab le  b y  th e ir  sca rc ity  in  th e  a n ta rc tic  p la n k to n  
(H a r d y , 1960). B u n t  (1960) m ade  a t  le as t m o n th ly  
p la n k to n  collections a t  M awson, A n ta rc tica , from  1 
M ay 1956 to  10 F e b ru a ry  1957, a n d  failed  to  find a  
single ech inoderm  la rv a , y e t O. va lidus  is com m on a t  
M aw son (J. S. B u n t , personal com m unication). E x te n ­
sive p la n k to n  collections ta k e n  from  M cM urdo Sound 
betw een  D ecem ber, 1960 a n d  D ecem ber, 1961, also 
co n ta ined  no ech inoderm  la rv a e  (J . L . L it t l e p a g e , 
personal com m unication). O. va lidus  is v e ry  a b u n d a n t 
in  th e  re la tiv e ly  shallow  w a te r  o f  M cM urdo S ound 
(D e a r b o r n , 1967) and , e x c ep t fo r a  possible b rie f 
ea rly  pelagic period, th e  em bryos a n d  la rv a e  m u s t be 
dem ersal in  h ab it.

O ther echinoderm a w ith  in d ire c t deve lopm en t also 
h av e  dem ersal em bryos a n d  la rvae. N e w t h  (1925) 
found  th a t  b la stu lae  a n d  ea rly  g as tru lae  o f Astropecten  
irregularis sw am  n ea r th e  b o tto m  of h is  cu ltu re  d ishes 
(he d id  n o t m en tio n  th e  behav io r o f la te r  stages), an d  
M o r t e n s e n  (1921) rep o rted  th e  sam e behav io r for 
b ip in n aria  o f P atiria  pectinifera  a n d  Evasterias  
troscheli. M o r t e n s e n  (1921) also n o te d  th a t  th e  
em bryos a n d  p lu te i o f th e  ech ino id  Laganum  diplopora  
sw am  n ea r th e  b o tto m  of th e  cu ltu re  dishes. M oreover, 
th e  a n ta rc tic  ech ino id  Sterechinus neum ayeri p robab ly  
develops th ro u g h  p lu te u s  stages, y e t  th ese  a re  ra re  in  
th e  p la n k to n  a n d  p ro b ab ly  dem ersal in  h a b i t  ( P e a r s e  
a n d  G i e s e , 1966).

D em ersal la rv ae  t h a t  a re  m orphologically  sim ilar 
to  com parab le  pelagic la rv a e  h av e  been  re p o rted  fo r 
o th e r  phy la . S a n d e r s  (1963) found  th a t  th e  dem ersal 
cephalocarid , m ystacocarid , a n d  h arp ac tico id  copep- 
od n aup lii a re  v e ry  sim ilar to  pelagic calanoid  
copepod nauplii. T his s im ila rity  “ . . . i s  d u e  to  th e  
fa c t t h a t  th e y  m ove a n d  feed in  th e  sam e m an n er, one 
sw im m ing th ro u g h  th e  w a te r  a n d  feeding o n  fine 
su spended  m a tte r , th e  o th e r  m oving  on  th e  b o tto m  
a n d  feeding on  a  d e tr i ta l  m a teria l su spended  b y  a 
sw eeping ac tio n  o f th e  (appendages)”  (S a n d e r s , 1963, 
p. 24). Y oung la rv a e  o f th e  p o lychae te  N ereis d iversi­
color off F in la n d  also a re  dem ersal in  h ab it, in  th is  case 
sta y in g  o u t o f th e  low  su rface  salin ities, b u t  la te r  
stages w ith  w ider to le rances becom e p lan k to n ic  
(S m it h , 1964).

W ith  th e  e s tab lish m en t o f a  dem ersal h a b i t  for 
Odontaster validus  em bryos a n d  la rv ae , in d irec t 
developm ent in  ech inoderm s can  no longer be v iew ed 
as lead ing  only  to  pelagic la rv ae  (e.g. H ö r s t a d iu s , 
1939 ; T h o r s o n , 1950 ; F e d e r  a n d  C h r i s t e n s e n , 1966).
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I n  deep seas as w ell as p o la r seas, ind irec tly  developing 
em bryos an d  feeding la rv ae  of ech inoderm s th a t  a re  
dem ersal m a y  be o f m ore im p o rtan ce  th a n  p rev io u sly  
th o u g h t. M o r t e n s e n  (1921) n o te d  th a t  deep-sea 
echinoderm s w ith  pelagic la rv ae  h a d  n ev e r been 
defin itely  found  and , from  th is  a n d  o th er observations, 
i t  h as  been  generalized  th a t  all deep-sea an im als h av e  
non-pelagic, non-feeding la rv ae  (e.g. T h o r s o n , 1950; 
M a d s e n , 1961). 0 . va lidus  occurs to  d ep th s  of a t  least 
914 m  (C l a r k , 1963) a n d  can  be considered as a  
species occurring  in  m odera te ly  deep w ate r (b a th y a l 
zone) w ith  non-pelagic, y e t feeding, la rvae. S im ilarly , 
th e  ech ino id  Laganum  diplopora  from  800 m  h as p lu teus 
la rv ae  t h a t  a re  p ro b ab ly  dem ersal (M o r t e n s e n , 1921). 
M ore recen tly , S c h o e n e r  (1968) has g iven  evidence 
th a t  a n  abyssa l (1 to  4000 m) oph iu ro id  h as  ind irec tly  
developing la rv ae  th a t  a re  likely  to  be b o tto m  feeders.

As has long been  know n, a n  u n usua lly  h igh p ro p o r­
t io n  of a n ta rc tic  ech inoderm s b rood  th e ir  em bryos an d  
la rv ae  (T h o m s o n , 1876; T h o r s o n , 1950). Several 
reasons h av e  been  proposed  fo r th is  h igh  incidence of 
brooding , inc lud ing : (1) low surface sa lin ities due to  ice 
m e lt (Ö STER G R EN , 1912; H a r d y , 1960), a n d  (2) poor 
p lan k to n ic  food conditions, w ith  a  sh o r t sum m er p ro ­
d u c tiv e  period, w hich m ig h t favo r yo lky  ra th e r  th a n  
feeding la rv ae  ( T h o r s o n , 1950). H a r d y  (1960) 
p o in te d  o u t t h a t  c ru stacean  la rv ae  are  especially  
a b u n d a n t in  th e  an ta rc tic  p la n k to n  and , because of 
th e ir  th ic k  cuticle, th ese  m a y  be less vu lnerab le  to  
osm otic stresses th a n  m ore d elica te  la rv ae  such  as 
those  o f echinoderm s. C onsideration  o f th e  p la n k to n  of 
M cM urdo Sound ( J .  L .  L i t t l e p a g e , personal com ­
m unication), M awson ( B u n t , 1960), a n d  H ea rd  Is lan d  
( E a l e y  a n d  C h i t t l e b o r o u g h , 1956) su p p o rts  th is  
hypo thesis. T h e  m o st a b u n d a n t m ero p lan k te rs  in  
th ese  a reas  a re  you n g  po lychaetes w hich are  all well 
segm ented  a n d  m a y  h av e  a  w ide sa lin ity  to le ran ce  as 
is fo und  in  com parab le stages o f N ereis diversicolor 
(S m i t h , 1964). Also in d ica tiv e  of th e  im p o rtan ce  of 
occasional low su rface  salin ities, a d u lt  specim ens of 
Odontaster va lidus  h av e  som e coelomic w a te r  volum e 
con tro l t h a t  m a y  be a n  ad a p tio n  to  fresh w ate r runoff 
( P e a r s e , 1967).

R egard less o f w hich fac to rs  a re  im p o r ta n t in  
re s tr ic tin g  ech inoderm  a n d  sim ilar la rv ae  from  po lar 
pelagic w aters, Odontaster validus  is v e ry  p ro b ab ly  
responsive to  these  fac to rs . T h e  response, th o u g h , is 
n o t b y  th e  deve lopm en t o f d irec t deve lopm en t an d  
b rooding, b u t  b y  th e  dem ersal b eh av io r o f feeding 
la rvae. T h is behav io ral response w eakens T h o r s o n ’s 
(1950) proposal th a t  poor food cond itions a re  involved  
in  lim iting  th e  occurrence o f pelagic po lar la rvae.
O. va lidus  la rvae  indeed  m u s t feed, b u t  th is  shou ld  be 
no  m ore o f a  p rob lem  th a n  i t  is fo r o th e r  sm all anim als 
in h a b itin g  th e  bo ttom .

Odontaster validus  is a  w idespread  an ta rc tic  
astero id , being circum con tinen ta l an d  occurring  n ear 
is lands as fa r n o r th  as S ou th  Georgia a n d  th e  B o u v e t 
is lands (C l a r k , 1963). T h e  deve lopm en t o f a  p red o m ­

in a te ly  dem ersal la rv a  w ith  b rie f  pelagic phases, 
m a y  be considered  a n  ad a p tiv e  “ com prom ise,” 
serving fo r effective d ispersion, y e t p rev en tin g  e x ­
cessive la rv a l w astage in  th e  a p p a re n tly  hazard o u s 
a n ta rc tic  surface w aters. T h e  com m on a rc tic  ophiuroid , 
Ophiocten sericeum, also h as  p a r t ly  dem ersal, p a r tly  
pelagic, em bryos a n d  la rv ae  ( P e a r s e , 1965), a n d  th is  
b eh av io r m a y  acco u n t fo r i ts  w ide d is trib u tio n . 
A lthough  m a n y  p o la r ech inoderm s h av e  d irec t develop­
m e n t [according to  T h o r s o n  (1950) p e rh ap s 95%  o f 
th e  p o la r species h av e  d irec t developm ent], th e re  is 
s till a  p a u c ity  o f  know n  pelagic la rv ae  to  acco u n t for 
th e  rem ain ing  species. T h is p a u c ity  is especially  
ev id en t w hen  i t  is considered th a t  com m on, w ide­
sp read  po lar species (such a s  Odontaster validus  an d  
Sterechinus neum ayeri of th e  A n ta rc tic  an d  Ophiocten 
sericeum  a n d  Strongylocentrotus drobachiensis o f th e  
A rctic) h av e  in d irec t d evelopm en t, w ith  feeding 
la rv ae  (T h o r s o n , 1950). I t  is likely  t h a t  o th e r  com m on 
po la r echinoderm s h av e  undergone la rv a l a d a p ta tio n s  
lead ing  to  dem ersal behav io r. F u tu re  in v estig a to rs  
should  be especially  cogn izan t o f possible differences 
in  d is tr ib u tio n a l ranges betw een  brooding  species a n d  
species w hich m a y  h av e  p red o m in ate ly  dem ersal, 
feeding la rv ae  such  as O. validus.

Sum m ary
1. T he developm ent o f th e  a n ta rc tic  astero id  

Odontaster validus  is ind irect, a n d  includes a  feeding 
b ip in n a ria  stage.

2. T h e  ra te  o f deve lopm en t o f O. validus  a t  a m ­
b ie n t sea te m p e ra tu re s  ( —1 .5 °C) is ex trem ely  slow ; 
b lastu lae  form  n e a rly  2 d ay s  a f te r  fe rtiliza tio n , 
g as tru la tio n  begins a f te r  7 days an d  th e  b ip in n a ria  
develops in  a b o u t 40 to  55 days. T h e  ra te  o f develop­
m e n t a f te r  cleavage is n o t increased  a t  + 5  °C. T he 
r a te  o f deve lopm en t to  g as tru la tio n  is sim ilar to  th a t  
o f m o st tro p ic a l a n d  te m p e ra te  astero ids i f  com pensa­
tio n  is m ade  fo r te m p e ra tu re  differences, an d  th e re  is 
no evidence o f te m p e ra tu re  a d a p ta tio n . P o s t-g as tru la  
deve lopm en ta l ra te  is ev en  m uch  slow er th a n  w ould be 
expected  from  stud ies  on as te ro id s  o f o th e r  areas.

3. T he em bryos a n d  la rv a e  a re  largely  dem ersal in  
h a b it. T h ey  spend  m o st o f th e  tim e  o n  th e  b o tto m  of 
cu ltu re  d ishes an d  are  ab se n t in  p la n k to n . T his 
b eh av io r p ro tec ts  th e  la rv a e  from  exposure to  ap p a re n t 
h a rsh  cond itions o f th e  a n ta rc tic  su rface  w ate r, a n d  is 
analogous in  effect to  b rood ing  in  m a n y  o th e r a n ta rc tic  
form s. I t  is suggested  th a t  d em ersal feeding la rv ae  m ay  
be im p o r ta n t fo r th e  d ispersal o f b o th  p o la r a n d  deep- 
sea echinoderm s.
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