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Abstract 
The early development of Odonta~er va//dus at Mc~urdo 

Sound, Aatarctiea, is indireet and includes equal cleavage, a 
convoluted blastula, a free-swimming coeloblastula, a gastrula, 
and a feeding bipinnaria larva. Development differs from that 
of oflaer 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 daym The slow developmental raft appears 
to be only partly related to the low environmental temperature 
(-1.5 ~ (2) The embryos and larvae axe largely demersM. 
Such behavior may be an adaptatgon to keep the larvae out of 
antarctic surface waters, as does brooding in many other polax 
e~hinoderms. 

Introduction 

The early development of asteroids has been de- 
scribed for many temperate and tropical species (e.g. 
]~ORTmCS~, t92t,  t93t,  1937, t938). However, in 
polar regions where harsh conditions have made long- 
term laboratory observations difficult, li%le com- 
parable information is available. The recent estabhsh- 
ment of permanent biological laboratories in the 
antarctic, particularly in Mc]~urdo Sound ( W o ~ -  
scm.Ao, 1963), provides new opportunities to make 
such observations. 

The asteroid Odontaster validus Kom~r,m~ is one 
of the most abundant animals around the antaxctic 
coast. Embryos and larvae of this species were mMn- 
rained during 1961 at McY[urdo Station (PEAt~SE, 
1962). The present paper provides more details on 
these embryos and larvae and draws special a~en#ion 
to their unusually slow rates of development and their 
demersal habit. 

M~terials mad metho~ 
Specimens of Odontazter validus were collected in 

McMurdo Sound with meat-baited traps set at about 
20 m, as described previously (P~]~s~, i965). 

OdonCa~r validus spawns during the anstTal winter 
from May through mid-September (l~z~s~, 1965, 
1966). Spawning occurred in the laboratory on only 
one occasion; i0 of 35 exceptionally ripe animals 
collected on September 4, i961, from Cape Evans, 
Mc]~[llrdo Sotllld, spawlled within 5 to 105 mln after 
being left out of water at room tempera~Lre. A aimilax 
spawning response to being left out of water was re- 
ported by  N~wMa*Vs (i925) for Patir/a miniata. 
Oocytes spawned from 1 female were mixed with 
sperm spawned from t male of the September Cape 
Evans sample. Ninety-six percent of the spawned 
ooeytes underwent fertilization, indicating that  only 
ripe oocytos were spawned. These fertilized oooytes 
were maintained and their development followed. 

Gametes for other cultures of embryos were ob- 
tained from excised gonads. Ovaries were dissected 
from females and placed in finger bowls containing 
filtered seawater kept at  - - i . 5  + i~ After the 
oocytes were shed from the excised ovaries for 5 rain, 
the ovaries were removed and a few drops of sperm 
collecte~l from a fl~shly dissected mMe were added. 
Cultures were started from excised gonads on the 
following dates in t96i :  June 25 (3 cul~res), Ju ly  15 
(7 cul~-ures), August 6 (5 cultures), and September 4 
(6 cul~u~s). Attempts were also made to establish 
cultures from gametes collected from excised gonads 
in January, February, April, late September, October, 
November and December, 1961; these abtempts were 
unsuccessful because all the ooeytes were imrna$31re 
(I>~ARSE, i965). 

The percentage of oocytes shed from excised ovaries 
that  underwent fertilization varied from less than 
i to 36%. These variations reflecf~l the ripeness of the 
ovaries; large ripe ovaries from females with high 
gonadal indices generally yielded the highest percent 
of fer~lizable oocytes. Procedures for handling ovaries 
and oocytes that  might affect the percent fel~lized 
were also tested in July. Single ovaries were dissecf~l 
from each of 4 animals and Vreated together for each 
of 5 treaSments. Twelve to i4 h after the shed ooeytes 
were mitred with sperm, 50 to t00 cells were collected 
and the number of zygotes counf~ .  The treatments 
and percent fertilized were: (1) ovaries placed directly 
in seawater at - - t . 5  ~ for shedding, 32o/o fertiliT~l; 
(2) ovaries rinsed in seawater at  --1.5 ~ and then 
placed in shedding dishes at --1.5 ~ 2 cultures, 2f 
and 20% ferfMized; (3) ovaries rinsed and placed in 
seawater with 2% coelomie fluid at - - i .5~ t7% 
fertilized; (4) ovaries exposed in the diesecfcd animals 
at room temperatnre (c. 20~ for 5 and t0 mln, 
rinsed and placed in seawater at  - i.5 ~ i3 and t4% 
fertilized, respectively; (5) ovaries rinsed and placed 
in seawater at + 5  ~ --4- 2 ~ 18% fertilized. The highest 
percent fertilized was obtained with the unrinsed 
ovaries; rinsing probably washed away many ripe 
oocytes. Although JUST (1939) found that  coelomic 
fluid tended to be toxic to asteroid ooeytos, addition 
of 2 % coelomic fluid to the filtered seawater had lit~de 
effect. There was li~le difference in percent fertilized 
between rinsed oocytes at  - t.5 ~ and +5.0 ~ more- 
over, many of the oocytes appeared to tolerate 5 and 
lO mln exposures to room temperatures. 

The developing embryos and larvae were main- 
rained in filtered seawater in finger bowls placed in 
polyethylene pans filled with seawater. The pans, with 
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the finger bowls, were placed In ethylene glycol 
coolant In a Labline Tempmobile. The temperature  
was kept  at  -- 1.5 + 0.5 ~ One culture maintained at  
+ 5  q- 2 ~ was kept  in a refrigerator. The cultures 
were kept  in complete darkness except for brief 
periods of observation. Water  changes were made 
every 4 days by  decanting off ~/, to a/a of the culture 
water and replacing it  with freshly filtered seawater. 
I n  the few eases when the animals were swimming off 
the bo~om,  the upper half of the cultures, with the 
healthy specimens, were decanted Into bowls with 
fresh filtered seawater. 

Observations of the embryos ~nd larvae were made 
by  sucldng 25 to t00 Individuals into a small pipette 
~nd spreading them on ~ glass slide. The various stages 
were quickly counted ~nd the specimens replaced in 
the culture dishes. When extended observations and 
photographs were made (t~ldng more than  a few 
minutes) the specimens were discarded. 

~e r t i l i za t i on  

Changes after fertilization proceeded in close sya- 
chrony In the one culture established from spawned 
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Fig. I. Developmental stages of Od, onta~r va//dus. (~) Zygote before female maturation divisions showing ta-omi~en~ 
germinal vesicle, 30 mi~; (b) two-celled stage showing polar body within fertilization membrane, t3 h; (e) eight-celled stage, 
32 h; (d) moral~, 68 h; (e) convoluted bla~ula, 5 days; (f) froo-sw~mmlng coelobla~ul~ shortly aider release from fer~ili~tion 
~ m ~ . . S . ~ . ;  ( ~ / ~  g ~ p ~  ~,~ m ~ r  ce~ ~ a  ~ fo~ io~  of e ~  ~a  ~ ~ m o ~  44 ~ ;  

early mpumarm ma-va w~r~a compmr~ guy, en~erocoels, and 2 ciliary bands, 62 cl~ys; 0) bipinn~ri~ larva with resorbod 
enterocools, 80 d~ys. All were drawn from photographs ~nd adjusted to the same magnffica~ions and actual times after 

fertilization given 
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gametes. Only pr imary oocytes with intact gerrnln~l 
vesicles were spawned, and no germinal vesicle break- 
down occurred for at  least 35 rain after the ooeytes 
were spawned. Ten rain after the sperm were intro- 
duced, fertilization membranes appeared (Fig. l a), 
but  the germinal vesicles remained intact  at  least i h 
after fertilization. All the zygotes had undergone 
maturat ion division after 7 h, and the polar bodies 
were present under the fertilization membranes 
(Fig. ib). 

Similar changes occurred in ooeytes shed from 
excised ovaries. Germinal vesicle breakdown did not 
occur in artificially shed oocytes for up to 3.5 h before 
sperm introduction. Maturation divisions usually 
occurred several hours after fertilization. However, 
maturat ion divisions did not occur in up to 35% of 
the ooeytes tha t  formed fertilization membranes. 
Apparently many  immature ooeytes shed from the 
excised ovaries were capable of raising a fertilization 
membrane, but  incapable of undergoing maturat ion 
divisions. 

Description o] d e v o u t  

Development to an armless bipinnaria larva was 
similar to tha t  in other asteroids with indirect develop- 
ment. Holoblastie, equal cleavage (Fig. tb ,  e) led to a 
morula composed of relatively large blastomeres 
(Fig. l d). The morula stage was followed by  a much 
convoluted, generally 4-lobed, blastula stage (Fig. to) 
typical of other phanerozonid asteroids with indirect 
development (]~omw~csmr i913 a; HSgSTADI~S, 1939 ; 
Nmw'rn, t925). A ciliated coeloblast~a (Fig. i f )  
developed from the convoluted blastula, and escaped 
from the fertilization membrane. Gastnflation occurred 
by invagirmtion, mesenehyme became scattered in the 
blastocoel, and eventually paired enterocoelic pouches 
appeared (Fig. t g). Following stomodaeM break- 
through, the early bipinnaria larva developed with pro- 
and postoral c51iary bands 1 (Fig. t h). No aurieularian 
stage with a ~ingle ei l~ry band was seen. 

The early bipinnatia larvae showed little further 
change even though some were maintained for up to 
60 days. Failure of continued development was 
probably due to lack of suitable food; the enterocoels 
began to be resorbed about  80 days after ferf.ili~ation 
(Fig. li). These larvae all reached the bipinn~ria stage 
during the late austral winter before the be~nning of 
the summer phytoplankton bloom (Lrrlw_~Ae~, t965). 
Because there was ht-tle phytoplankton present, and 
because these larvae were demersal (see below), their 
normal food might have consisted of bot tom material. 
Fine suspensions of bot tom material obtained from a 
grab, and consisting mainly of detritus, ciliates and 
flagellates, were offered periodically to the larvae. 
Material was often present in the larval stomachs after 

x Usage of the term bipmuaria for this stage follows Moa- 
~mcs~ (t931, 1937, 1938) and H6RSTA~S (1939). COST~O 
etal. (1957) refer to this stage a~ the dipleurula. 

such feedings, yet  the larvae ~]1  resorbed their 
enterocoels and evont~Mly died. 

_R e o! 
The rates of development of these cultures were 

extremely slow. As shown in Fig. 2, however, the 
developmental rates were similnr in the cultures begum 
on different dates. The chronology of the first observed 
appearances of well defined developmental stages 
was: cleavage, 0.67 day; convoluted blastula, 1.67 
days; coeloblastula, 5 days; gasmfla,  7 days; mesen- 
chyme appearance, 20 days; enterocoel appearance, 
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1~. 2. Chronology within the 4 sets of cultures of Odonta~er 
va//dus embryos. The earhest appearance of each developmental 
stage is followed. Th0 developmental stages are: I zygote; 
2 cleavage; 3 convoluted b ~ ;  4 coeloblastula; 5 gasVrula; 
6 mesenohyme appearance; 7 enterocoel appearance; 8 sterne- 
ducal breakthrough; 9 bipinn~ria. The arrows indicate when 
the embryos began to swim on the surface ( f ) and when they 

settled again on the bottom ( ~ ) 
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Fig. 3. ~ vaJ/dus. Developmental rates to gastraJation 
in t ca]tare of embryos maintained at +5 ~ + 2 ~ ( . . . .  ) and 
6 cul~res of embryos maintained at -1.5 ~ • 0.5 ~ (mean 

and range). Developmental stages as given in Fig. 2 
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30 days; stomodaeal breakthrough, 38 days; completed 
early bipi,naria, 55 days. Because these larvae fed 
little or not at all, the time taken to reach the bipin- 
naria may  have been abnormally long; with food, 
perhaps the early bipinnaria s t ~ e  could be reached 
shortly after stomodaeal breakthrough in as little as 
40 days. 

One culture was begun on July  t5, t961 and main- 
rained to gastrulation in a refrigerator at +5 ~ + 2 ~ 
~g .  3 compares the rate of development in this culture 
with the rates of development of 6 other cultures 
begun with gametes from the same animals and main- 
rained at --1.5~ + 0.5~ (These were the cultures 
resulting from the fertSlizatlon tests given in the 
M~terials and methods section.) Time to cleavage after 
fertilization in the + 5  ~ culture was about half tha t  
in the cultures at - 1 . 5  ~ However, no difference 
could be detected in the times to reach later stages of 
development. 

Behavior of the embryos and larvae 
The embryos and larvae of Odontaster validus 

almost always stayed close to the bottom of the culture 
dishes. After release from the fertilization membranes, 
they seemed to actively seek the lowest portions of the 
dishes (the outer ring of the 6nger bowls), and large 
numbers of healthy embryos concentrated in these 
depressions. Each culture, however, went through a 
brief period (3 to 6 days) when the late gastrula em- 
bryos swam off the bottom and near the surface; this 
period is indicat~l in Fig. 2. Embryos in all the cultures 
begun on the same day went through the surface- 
swimming behavior at the same ~ime. After the brief 
surface-swimming period, the embryos again concen- 
t ra ted in the lowest portions of the dishes and were 
rarely found off the bottom. 

Discussion 

Development rate 

A comparison among different asteroids shows a 
generally direct relationship between latitude and 
developmental rate (Table i);  most tropical forms 
develop faster than most temperate forms. This 
relationship between developmental rate and latitude 
almost certainly reflects a temperatazre relationship. 
Development of Lu/d/a savignyi in the Red Sea 
(about 30 ~ for example, is close to 3 times as rapid 
as that  of Porania pulvillus off Scotland (about 15 ~ 
With such a comparison, the Q~0 for asteroid develop- 
mental rate appears to be approximately 2. The de- 
velopmental rate to gastaaflation of O ~ t e r  va//dus 
at  -- 1.5 ~ is in fair accordance with such a Q~0; it  is 
about haft that  of P. pulvillus. Early development of 
O. va//dus, therefore, shows no evidence of temperature 
aAaptation. Moreover, as diagrammed ill Fig. 4, posf- 
gas~rula development in O. va//dus is much slower 
than would be predicted by  comparisons with other 
asteroids; development to the bipinnaria in p.  
pu/v///us is about 6 ~ 8 times faster than in O. va//dus. 

As also indicated in Table 1, developmental rates in 
asteroids are undoubtedly influenced by factors other 
than temperature. Some tropical asteroids have 
relatively slow developmental rates (e.g. /Xnck/a 
multifora), some temperate forms have relatAvely rapid 
developmental rates (e.g. Patiria miniata), and 3 
species of Astropex~n from different latitaldes are re- 
ported to have the same developmental rates. I t  is 
probable tha t  the slow rate of development in Odon- 
tazter va//dus, particularly a f a r  gastrulation, results 
from factors other than low temperahlre. 

There is some evidence tJaat other indirectly 
developing echinoderms in cold waters have extremely 

Table. 1. Comparison el astexoid devehrpme~al rates. (Approximate time. in days) 

Species Locality Beginning of Early ~nvestJgator 
ga~ta~flation bipinnaria 

Luidia 8avignyi Red Sea t 2 Mo~m~sm~ (1938) 
Pentaceraster maram///atus Red Sea i 2 Mo~T~sm~ (t938) 
Patiria pectini/era Japan l 2 MO~T~ZCS~ (1921) 
Patiria miniata California t 3 N ~ w ~ . ~  (1925) 
L/nc/c/a/aev/gata Java Sea ? 3 ]~O~Tm~Sm~ (1931) 
Astropeaen pcdyacamhu~ Red Sea 1 3 Moavwssmr (1937) 
Astropecten aranc/acus Italy 1 3 H6gST~IVS (1939) 
Astropecten irregu/ar/s England 1 3 N~w'rtt (1925) 
Aster/as/orbes/ Connecticut I 3--4 LA1~.s~g'~ (1937) 
Ophidiaster gug.dingii Tobago ? 4 MORTI~qSE~ (192t) 
Asterop~ carini/era Rod Sea 1 6 M o R ~ s ~  (1937) 
Acardhaster plat*el Java Sea 1 6 MOR~m~SE~ (t931) 
Aster/as vu~gar/s Massaehuse~t~ 1 6 I~LD (1892) 
Pisaster ochraceus British Columbia 2 4 5 ] ~ o ~ s m ~  (t921) 
Gymnaateria carinifera J~wafi 2 5 ~ORT~2,TS]~" (1921) 
IXnckia multi/era ~ Sea 2 5 M o B ~ s ~ I  (i938) 
Aster/az rubens Scotland 2 6 G~r r , r ,  (1914) 
Evaotexfaz troscheli British Columbia 2,---3 4~6 MO~Tg~s~:~ (1921) 

Lu/d/a c~/ar/~ E n g l ~ d  3 6 MO~T~Smr (1913a) 
Poranla pulv~lu.~ Scotland 3--4 7 Gm~nrm (t915) 
Odont~ter validus Antarctica 7 40---55 this paper 

15 Marlno Biology, Vol. 8 
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slow developmental rates. Development of the arctic 
ophinroid OphiocAen sericeum is extremely slow and 
metamorphosis occurs about 6 months after spawning 
(l~a~.sE, 1965). Perhaps development ~o metamorpho- 
sis of the abyssal ophiuroid Ophiura l]ungmani is as 
slow (Sogo]:m~, 1968). I f  metamorphosis in 0don- 
taster va//dus occurs 6 months after spawning, it would 
take place sometime during the latter haft of the austral 
snmmer. 

The unmodified rate of development after cleavage 
at ~-5 ~ contrasts sharply with similar experiments 
done with eehinoids. Only a three-degree rise in tem- 
perature (from 20 ~ to 23 ~ decreases the time to 
ga~rulation by more than 25% in Arbacia punvtulata 
(Cosw~r,~,o et al., t957). With only one experiment at 
only one higher temperature, however, it  is by no 
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Fig. 4. Comparison of developmental r~tes of (1) fast devel- 
oping a~eroid Luidia savignyi in the ~ Sea at about 30 ~ 
(MoaT~Sg~, i938); (2) slow developing asteroid Porania 
p~v~us off Scotland at about 15~ ( G ~ z ~ ,  i9t5); (3) 
0dontas~ va~idus at - t .5  ~ Dot-ted line indicates possible 
post-ga~'ul~ developmental rate in Od, on~ter va~idus wi~h 
suitable food present. Development stages: Z zygote, G 

ga~trula, B bipinnaria 

means couclusive that  the developmental rate of 
O ~ r  validus is insensitive to temperature. 
several antarctic fish, respiration increases markedly 
with tempera~xlre rises f r o m -  t.5 ~ to about 5 ~ but  
decreases above 5 ~ (Wom~scvrrr.Ao, 1964). Respiration 
in the antarctic euphansid Euphausia superba in- 
e r e a ~  from 0 ~ to 5 ~ but no t in ,  her increase occurs 
at higher temperatures; indeed, temperatures above 
4 ~ are lethal within 24 h ( ~ c W m ~ - ~ ,  1964). The 
developmental rate of O. validu~ embryos may also 
increase with temperature, up to about 4 ~ to 5 ~ but  
deleterious effects of higher temperatures may well 
counter any further st~mulatery effects. I t  is also of 
interest that  the time to cleavage was halved at 5 ~ ; 
perhaps the disruptive effects of 5 ~ are less pro- 
nounced on the relatively few enzyme systems involved 
in very early development, than later when more en- 
zyme coordination probably comes into play. 

Demersal behavior 
The maintained Od~ontaster validus embryos and 

larvae spent the great majority of the time as bottom 
swimmers. This behavior suggests tha t  they are 
demersal rather than pelagic. Such a suggestion is 
supported by consideration of the antarctic plankton. 
0n ly  a few pelagic echinoderm larvae (including a 
bipinnaria) are known from the antarctic (e.g. ]~OR- 
~ S E ~ ,  1913b), and echinoderm larvae (as well as 
trochophores, veligers, and ~imilar larvae) have long 
been notable by their scarcity in the antarctic plankton 
(HARDy, t960). B ~  (t960) made at least monthly 
plank~n collections at ~awson, Antarctica, from i 
5ruby i956 to l0 February i957, and failed to find a 
single echinoderm larva, yet  O. val/dus is common at 
~awson (J. S. Buh~T, persona] commmxieation). Exten- 
sive plankff~on collections taken from McMurdo Sound 
between December, 1960 and December, 196t, also 
contained no echinoderm larvae (J. L. LITTL]~T/~GE, 
personal communication). 0. validus is very abundant 
in the relatively shallow water of l~e]~t~rdo Sound 
(D~A~Bomx, 1967) and, except for a possible brief 
early pelagic period, the embryos and larvae must be 
demersal in habit. 

Other echinoderms with indirect development also 
have demersal embryos and larvae. N~w'ru (1925) 
found that  blas0zlae and early gaaVmlae of Astrope~en 
irregularis swam near the bottom of his cult-are dishes 
(he did not mention the behavior of later stages), and 
]~o~T~s]~x (1921) reported the same behavior for 
bipinnaria of Patiria pectinilera and Evasterias 
troscheli. ~OgT~S~T (192t) also noted that  the 
embryos and plutei of the eehinoid Laganum ditgotgwa 
swam near the bottom of the cul~zre dishes. ~oreover,  
the antarctic echinoid Sterechinus neumayeri prebably 
develops through plutens stages, yet  these are rare in 
the plankton and probably demersal in habit (l~Ags~ 
and Gr~s~, 1966). 

Demersal larvae that  are morphologically similar 
to comparable pelagic larvae have been reported for 
other phyla. S~D]:]~a (1963) found that  the demersal 
cephalocarid, mystacoearid, and harpacticoid copep- 
od nauplii are very similar to pelagic calanoid 
copepod nauplii. This simi]arity " . . . i s  due to the 
fact tha t  they move and feed in the same manner, one 
swimming through the water and feeding on fine 
suspended matter, the other moving on the bottom 
and feeding on a detrital material suspended by  a 
sweeping action of the (appendages)" (S~xDm~S, 1963, 
p. 24). Young larvae of the polychaete Nereis diversi- 
co/or off Finland also axe demersa/in habit, in this ease 
staying out of the low surface sa/inities, but  later 
stages with wider tolerances becomo plank~nic  
(S~, 1964). 

With the establishment of a demersal habit for 
Odonta~r validus embryos and larvae, indirect 
development in echinoderms can no longer be viewed 
as leading only to pelagic larvae (e.g. tt6RSTADrUS, 
1939 ; TEO~SO~, 1950 ; ~'~ED]E:R a~d ~T,qTElqSEI~, t966). 
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In deep seas as well as polar seas, indirectly developing 
embryos and f ~ i n g  larvae of echinoderms that  are 
demersal may be of more importance than previously 
thought. ~OgT~NS~ (192t) noted that  deep-sea 
echinoderms with pelagic larvae had never been 
definitely found and, from this and other observations, 
it has been generalized that  all deep-sea a~ma[s have 
non-pelagic, non-feeding larvae (e.g. THoasox, t950; 
MA~s~,  196t). O. va//dus occurs to dsptM of at least 
914 m (C%~K, 1963) and can be considered as a 
species occurring in moderately deep water (bathyal 
zone) with non-pelagic, yet feeding, larvae. Similarly, 
the echinoid Laganum diplopora from 800 m has pluteus 
larvae that  are probably demersal ( ~ O ~ T ~ S ~ ,  1921). 
]~[ore recently, So~omw~ (1968) has given evidence 
that  an abyssal (i to 4000 m) ophiuroid has indirectly 
developing larvae that  are likely to be bet%ore feeders. 

As has long been known, an unusually high propor- 
tion of antarctic echinoderms brood their embryos and 
larvae (T~o~sosr, 1876; T~oKsoN, i950). Several 
reasons have been proposed for this high incidence of 
brooding, including: (I) low surface salinities due to ice 
melt (0S,.,mmRgsr, 1912; FrARDy, t960), and (2) poor 
planktonic food conditions, with a short s~mmer pro- 
ductive period, which might favor yolky rather than 
feeding larvae (T~o~so~, 1950). l~a~Dr (1960) 
pointed out that  crus~n larvae are especially 
abundant in the antarctic plankton and, because of 
their thick cuticle, these may be less vulnerable to 
osmotic stresses than more delicate larvae such as 
those of echinoderms. Consideration of the plank%on of 
~e]~urdo Sound (J. L. L r r ~ o ~ ,  personal com- 
munication), Mawson (Bv-~T, 1960), and Heard Island 
(E~r,~r and Cm'~-rr~BO~OUO~, t956) supports this 
hypothesis. The most abundant meroplank~rs in 
these areas are young polychaetes which are all well 
segmented and may have a wide salinity tolerance as 
is found in comparable stages of Nereis dlver~icolor 
(Sm-r~, t964). Also indicative of the importance of 
occasional low surface salinities, adult specimens of 
Odontazter validus have some coelomie water volume 
control that  may be an adaption to freshwater runoff 
( P ~ s E ,  t967). 

Regardless of which factors are important in 
restricting echinoderm and s~milar larvae from polar 
pelagic waters, Odonta~ter validus is very probably 
responsive to these factors. The response, though, is 
not by the development of direct development and 
brooding, but by the demersal behavior of feeding 
larvae. This behavioral response weakens T~oI~so~'s 
(1950) proposal that  poor food conditions are involved 
in limiting the occurrence of pelagic polar larvae. 
O. va//dus larvae indeed must feed, but this should be 
no more of a problem than it is for other small animals 
inhabiting the bottom. 

Odontaster validus is a widespread antarctic 
asteroid, being cireumcontincntal and occurring near 
islands as far north as South Georgia and the Bouvet 
islands ( ~ ,  J963). The development of a predom- 
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inately demersM larva with brief pelagic phases, 
may be considered an adaptive "compromise," 
serving for effective dispersion, yet preventing ex- 
cessive larvM wastage in the apparently hazardous 
antarctic surface waters. The common arctic ophiuroid, 
OphiocZen 8ericeum, also has partly demersal, partly 
pelagic, embryos and larvae ( P ~ s E ,  1965), and this 
behavior may account for its wide distribution. 
Although many polar echinoderms have direct develop- 
ment [according to T~o~soN (i950) perhaps 95% of 
the polar species have direct development], there is 

a paucity of known pelagic larvae to account for 
the remaining species. This paucity is especially 
evident when it is considered that  common, wide- 
spreah polar species (such as Odxmtazter validu~ and 
Sterechinu.s neumayeri of the Antarctic and Ophiocten 
sericeum and Strongylocentrotus drSbachiensis of the 
Arctic) have indirect development, with feeding 
larvae (T~o~so~r, 1950). I t  is likely that  other common 
polar echinoderms have undergone larval adaptations 
leading to demersM behavior. Yut~nre investigators 
should be especially cognizant of possible differences 
in distributional ranges between brooding species and 
species which may  have predominately demersal, 
f e t i n g  larvae such as O. va//dus. 

Summary 
1. The development of the antarctic a~eroid 

Odonta~r vcdidus is indirect, and includes a feeding 
bipinnam stage. 

2. The rate of development of O. validus at am- 
bient sea temperatures (-1.5~ is extremely slow; 
blastulae form nearly 2 days after fer~ization, 
gastrulation begins after 7 days and the bipin~aria 
develops in about 40 to 55 days. The rate of develop- 
ment after cleavage is not increased at + 5  ~ The 
rate of development to gastrulation is similar to that  
of most tropical and temperate asteroids ff compensa- 
tion is made for temperaVure differences, and there is 
no evidence of temperature adaptation. Post-gastrula 
developmental rate is even much slower than would be 
expected from studies on asteroids of other areas. 

3. The embryos and larvae are largely demersal in 
habit. They spend most of the time on the bottom of 
culture dishes and are absent in plankton. This 
behavior protects the larvae from exposure to apparent 
harsh conditions of the antarctic surface water, and is 
analogous in effect to brooding in many other antarctic 
forms. I t  is suggested that  demersal feeding larvae may 
be important for the dispersal of both polar and deep- 
sea echinoderms. 

Acknowledgments. This work w~s begun while doing 
predoctorM research with Stanford University. It was support- 
ed in part by grants to Dr. D. E. Wo~LSe~G from the Office 
of AntaxcVio Programs, U.S. National Science Foundation, 
and in part through a contract with the Smithsonian Institu- 
tion using funds from the Office of Antarctic Programs. I 
thank Dr. D. E. E ~ ,  Dr. J. J. Go~o~, Dr. J. W. H~DGp~, 
Dr. J. L. Lrr~rAGE, and B. K. ~IcC~w for criticizing the 
manuscript, and K. T. l~A~-q~ for prepaxing the illastxatious. 



116 J .S .  P~*~-~: Development of embryos and larvae of O ~ r  Mar. Biol. 

IAte~mm cited 

By , r ,  J. S. : lntz~duetery stmdies: hydrology and plankton, 
June, 1956 - -  February, 1957. A. N. A~ R. E. Rep. (Set. B) 
8, i--135 N960). 

O . ~  H. E. S.: The fauna of the Ross Sea. Pt 3. Asteroidea. 
Bull. N. Z. I)ep. scient, ind_ Res. 1~1, I--84 (1963). 

Cos~xrz~o, D. P., M. E. D~v~so~, A. E~xms, M. H. Fox and 
C. H~m-~ :  Methods for obtaining and handling marine 
eggs and embryos, 247 pp. Woods Hole, Ma~s. : Marine 
Biological Lab. t957. 

D n ~ o ~ ,  J. H.: The fauna of the Ross Sea. Pt 5. Stanford 
University invertebrate studies in the Ross Sea 1958--6t : 
~meneraJ account and station list. Bull. N.Z. Dep. scient. 

d. Res. 176, 3t--47 (t967). 
E~tmY, E. H. M. and R. G. C-,'r~',.~mOROVOH: Plankton, 

hydrology and marine fouling at Heard Island. Interim 
Rep. Aust. natm Antarct. Res. Expe(L 15, t--81 (1956). 

F~D~,  H. and A. ]~L Cm~Tm~sm~: Aspects of asteroid 
biology. In:  Physiology of Echinodermata, pp 87--127. 
Ed. by R. A. BOOLOOTIX~. New York: Interscience Publ. 
1966. 

~ ,  O. W. : The larvae of Aster/a~ vu/gar/s. Q. J1 microsc. 
SCi. 84, 105--128 (t892). 

Gmx~.r~ J. F.: The development and certain points in the 
adult stametuxe of the starfish Asteria, ruben, L. Phi]. Trans. 
R. Soc. (B) 205, 213--294 (19t4). 

- -  The larva of the starfish Porania pulvi~us (0. F.M.), Q. 
J] microse. Sci. 61, 27--50 (19t5). 

G R ~ ,  D. L.: Studies on the embryology of PycnvTodia 
heHantho/d~ (B~t_WDT) Stimpeon. Pacff. Sei. 14, 280--285 
( 1 9 6 2 ) .  

H ~ ) Y ,  A.: Remarks. In:  A discussion on the biology of the 
southern cold temperate zone. Prec. R. See. (Ser. B) 152, 
641--642 (t960).. 

H6]~ST~S,  S.: Uber die Entwieklung yon AstroTecten 
aranc/acus L. Pubbl. Staz. zool. Napoli 17, 222--312 (1939). 

JUST, E. E. : Basic methods for experiment~ on eggs of marine 
anlm~.]g, 89 pp. Phfl~le]phi~: P. BI~k~aten s Son & Co. 
t939. 

I_~RSm% E. J. : The laboratory eulturo of the larvae of Aster/az 
]orSes'i. In: CulLm'o methods for invertebrate ~nimats, 
~ 560---553, Ed. by P. S. G~L~so~, F. E. Lwrz, P. S. 

and J. G. N ~ D - - ~ .  Ithaca, New York: Comstock 
Publ. CO., Inc. t937. 

L~,rr~xo~,  J. L.: Oceanographic investigations in Mc~urdo 
Sound, Antaretica. In:  Biology of the Antarctic Seas. 2. 
Antarctic Res. SCr. 5, t - -38 (t965). 

M c W ~ ,  M~ A~ : Temperature responses and tissue respira- 
tion in antoa'ctio ~ with partioular reference to the 
kn]l Euphausia superba. In:  Biology of the Antarctic Seas. 
t. Antaretie Res. Set. 1, 63---72 (1964). 

M~nsm% F. J.: On the zoogeography and origin of the abyssal 
fauna in view of the knowledge of the Porcel]mmsteridae. 
Galathea Rep. 4, 177--218 (1961). 

Me,Truism% T. : On the development of some British echino- 
derms. J. mar. biol. Ass. U. K. 10, t--18 (19t3a). 

- -  Die Eehinodermenlarven der I)eutschen Sud-polar Expedi- 
Vion 1901--1903. I)t. Sfidpol.-Exped. 14 (Zool. 6), 69 - - t l l  
(t9i3b). 

- -  Studios of the development and lsxval forms of echino- 
derms, 261 pp. Copenhagen: G. E. D. Gad i921. 

- -  Contributions to the study of the development and ]axval 
forms of echinoderms I and II. K. danske VidenslL Seisk. 
Skr. CNaturv. - -  math. Afd.) Raekke 9.4 (1), 1--39 (t931). 

- -  ContTibutions to the study of the development and larval 
forms of onhinoderms III.  K. danske Vidensk. Selsk. Skr. 
(Naturv. - -  math. Afd.) Raekke 9. 7 (1), 1--~5 (t937). 

- -  Contributions to the study of the development and larval 
forms of echinoderms IV. K. danske Vidensk. Selsl~ Skr. 
(Naturv. - -  math. Afd.) Raekke 9. 7 (3), t---59 (1938). 

N ~ ,  H. H. : An experimental analysis of asymmeta-y in 
the starfish Patiria minia$a. Biol. Bull. mar. biol. Lab., 
Woods Hole 49, t l t - -138  (1925). 

N ~ ,  H. G. : The early development of Aaropezten irre- 
gu/ar/s with remarks on duplicity in echinoderm larvae. 
Q. J] mieroec. SCi. 6 9 ,  520--654 (t925). 

0STmmg~, H. : l[~er die BruVpflege der Eehiuodermen in den 
siidpolaren Kfmtengebieten. Z. wiss. Zool. 101, 325--341 
(1912). 

I ~ A ~ ,  J. S.: E~rly development of the a~t~xot~ic asteroid 
Odontaster validus Ko~m~m~. Am. Zool. 2, 436 (t962). 

- -  Reproducffive periodicities in several contrastdng popula- 
tions of 0dontxtster vaHdus KOm~E~, a common antarctic 
asteroid. Biology of the Antar&dc Seas. 2. Antarctic Res. 
Ser. 5, 39--85 (t965). 

- -  Antaretio asteroid Odontaster vaHdus: constancy of repro- 
duct-ire periodicities. Science, N.Y. 152, t763---1764 
( 1 9 6 6 ) .  

- -  Coelomio water volume control in the antarctic sea-star 
O ~  vaJ/d~. Nature, I~nd. 216, t118---1t19 (1967). 

- -  and A. C. G~s~: Food, reproduction and organic oonstitu- 
tion of the common ant~re~o eahinoid Sterechinus neu- 
mayer/(M~rr~m). Biol. Bull. mar. biol. Lab., Woods Hole 
1 8 0 ,  387---401 (1966). 

S ~ m i s ,  H. L.: The Cephaloearida. Functional morphology, 
larval development, comparative ex~rnal anatomy. Mere. 
Colrm Acad. Arts Sei. 15, 1--80 (1963). 

Sc~om~m, A~: Evidence for reproductive periodicity in the 
deep sea. Ecology 49, 8t--87 (1968). 

S~'~'~, R. I.: On the early development of Nereis diversicolor 
in different salinitios. J. ~iorplx 114, 437--463 (1964). 

THO~SOI% C. W. : Notice of some peculiarities in the mode of 
propagation of certain echinoderms of the Southern Sea. 
J. Linn. Soo. (Zool.) 18, 55---79 (1876). 

TMoRso~, G.: Reproductive and larval ecology of marine 
bottom invertebrates. Biol. Rev. 26, 1--45 (1950). 

Wom~scm~(~, D. E.: The biological laboratory and field 
research facilities at the United States '~cMurdo" Station, 
Antarctica. Polar Rec. 11, 713---718 (1963). 

- -  l~p i ra to ry  metabolia~ and ocologic~l characteristics of 
some fishe~ in McMm<lo Sound, Antarctica. Biology of the 
Antare~ic Seas. t .  An~,rctie Res. Set. 1, 33--62 (1964). 

Author's address: Dr. 3. S. P~xRS~ 
Kerokhoff Marine Laboratory 
California Institute of Technology 
101 Dahlia Street 
Corona del Mar 
California 92625, USA 

Date of final manuscript acceptance: MRroh 26, 1969. Commllnicated by G. L. Voss, Miami 


