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On the genus Podosphaeraster A. M. Clark & Wright
(Echinodermata, Asteroidea),
with description of a new species from the North Atlantic

by F. W. E. Rowg

Abstract. — Podosphaeraster gustavei nov. sp. is described. A comparative discussion is given
of the anatomy of the species of the genus. The genus Podosphaeraster, considered ancient, arose
between the late Cretaceous and the early Tertiary period and was probably, formerly
pan-Tethyan. Its present day, apparent disjunct, distribution has been due to vicarient events, This
interpretation permits the occurrence of the genus in the Indian Ocean to be predicted. Podosphae-
raster crassus Cherbonnier is synonymised with Nymphaster arenatus and is placed in the Goniasteri-
dae.

Résumé. — Podosphaeraster gustavei nov. sp. est décrite. L’anatomie des diverses espéces du
genre est discutée de facon comparative. Le genre Podosphaeraster, considéré comme ancien, est sans
doute apparu entre la fin du Crétacé et le début du Tertiaire, et appartenait probablement a 1’ancienne
Téthys. Sa distribution actuelle, apparemment disjointe, résulterait d’un processus vicariant. Cette
interprétation permet de supposer la présence de ce genre dans I’océan Indien. Podosphaeraster crassus
Cherbonnier est synonyme de Nymphaster arenatus et est placée parmi les Goniasteridae.
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INTRODUCTION

The genus Podosphaeraster Clark and Wright, 1962, was described for an unusual,
spherical sea-star P. polyplax Clark and Wright, collected from the South China Sea in the
latter part of the 19th century. Since polyplax was described, three new species have been
recognised : P. thalassae Cherbonnier, 1970, from the North-east Atlantic, P. crassus Cher-
bonnier, 1974, also from the North-east Atlantic ; P. pulvinatus Rowe and Nichols, 1980,
from the West Pacific. CHERBONNIER (1974) also recorded five further specimens of P.
thalassae from the North-east Atlantic. Rowg and NicHoLrs (1980) recorded P. polyplax
from the Arafura Sea and the south-west Pacific and summarised records of known speci-
mens. Rowe er al. (1982) gave a detailed account of the anatomy of the genus and its
affinities with the Jurassic-Cretaceous genus Sphaeraster Quenstedt. Their study was based
on material of P. polyplax and pulvinatus which they had examined, and relevant informa-
tion drawn from CHERBONNIER’s (1970, 1974) works. None of CHERBONNIER’S material
was examined.
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During an overseas study visit to the Muséum national d’Histoire naturelle of Paris, in
1981 the present author examined the existing material of Podosphaeraster housed in that
Institution. This comprised six specimens identified by Dr. CHERBONNIER as P. thalassae
and the fragment (holotype) representing P. crassus. The present author was convinced
that only the original material of thalassae, that is the holotype and paratype, represented
that species, the four other specimens (five were actually recorded by CHERBONNIER, 1974)
representing a new species. He also considered that the fragment of P. crassus did not
possess characteristic structures necessary for its inclusion in the genus
Podosphaeraster. All this material was therefore, returned to the Australian Museum for
formal re-examination and redescription.

This paper, records the results of the re-examination of that material, together with a
reassessment of Podosphaeraster and a discussion of the distribution and probable ancient
history of the genus.

SYSTEMATIC ACCOUNT

A. — Podosphaeraster gustavei nov. sp.
(PL. I, A-F ; text-fig. 1)

MATERIAL : 44°11'8” N, 8°40'6” W (‘‘ Thalassa’’ stn. Y428), 500 m, 4.ix.1972; 1 specimen
(holotype : MNHN n° EcAs 4653). 44°11'8” N, 8°40'4” W (*‘ Thalassa”, stn. 434), 500-540 m,
13.x.1970 ; 1 specimen (paratype : MNHN n°® EcAs 4654). 44°07'1" N, 4°43’8” W (*‘ Thalassa ”’,
stn. X349), 615 m, 12.ix.1971 ; 1 specimen (paratype : MNHN n° EcAs 4652). 39°22'S”-31°54'4” N
(‘* Jean-Charcot '’-Biacores, stn. 117), 500-520 m, 21.x.1971 ; 1 specimen (paratype : MNHN n° EcAs
4650).

Diacnosis : A species of Podosphaeraster of maximum known size hd = 14 mm ; cushion-shaped
to spherical, hd/vd = 1.5-1.1 ; apical system regular, simple ; carinal row of abutting flat plates,
extending between the radial plate of apical system and the terminal plate of the ambulacrum ; termi-
nal plate losing perforation with growth ; recorded from the North-east Atlantic Ocean, 500-615 m.

EtymoLoGy : The species is named for Dr. Gustave CHERBONNIER.

DESCRIPTION OF THE HOLOTYPE

The holotype has a horizontal diameter (hd) of 9.5 mm and is pentagonal in horizontal
cross-section. The vertical diameter (vd) is 6.2 mm, so that the ratio hd/vd is 1.5, giving
the animal a cushion-like shape (pl. I, A). The test comprises abutting, usually hexagonal
plates. The plates are textured with low, glassy bumps.

The apical system is pentagono-stellate, 3.6 mm diameter. It is simple, comprising a
central-dorsal plate surrounded by five interradials, which themselves abut laterally. In
each distal angle, between adjacent interradials is a wedge-shaped radial plate, which is
more or less equal in size to an uncleft interradial. The interradial plate in interradius BC
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is radially cleft and is the largest of the five plates. The anus lies in the suture between
the central-dorsal plate and cleft interradial (pl. I, B).

A carinal row of four plates extends along each dorsal radius, abutting proximally with
the radial plate of the apical system and distally with the terminal plate. In the interradial
triangle, between adjacent carinal rows and the ambitus, are three horizontal rows of
plates. At the apex of the triangle is the proximal row of three plates, below which are
two rows, a middle and distal row, each of four plates. The central two plates of the
middle row are elongate-oval, rather than hexagonal, and very slightly obliquely aligned.
The madreporite is prominent and occurs on the middle plate of the proximal row in inter-
radius CD. The centre of the plate is raised with the madreporic pore being surrounded by
four subequal nodules.

In ‘the actinal interradial triangle, between adjacent ambulacra and below the ambitus,
are five horizontal rows of plates. The distalmost row of six plates extends between the
terminal plate of each ambulacrum. The two central plates of this row are the smallest
and are slightly obliguely aligned. Together they approximate in size to the adjacent plate
on each side in the row. The outer plate at each end of this row, and adjacent to the ter-
minal plate, is relatively large. Proximal to this row of plates are four rows of plates, of
four, three, two and, in the proximal position adjacent to the oral plates, one plate.

The terminal plates are more or less hemispherical in outline. Three of these plates
(radii B, C, D) possess a slight to deep actinal channel in the order of B-D respectively.
The terminal plate in radius E possesses a large perforation. However, the actinal surface
of the plate, under the perforation, seems to be breaking down in a way that appears to be
leading to the opening (or loss) of the perforation (see p. 315). The terminal plate in
radius A possesses a small perforation (text-fig. 1).

B8 C D E A
FiG. 1. — Podosphaeraster gustavei nov. sp., holotype, EcAs 4653 : terminal plates (T) in ambulacra A-E.

Marginal plates have not been formally distinguished (see p. 315-316).

The ambulacral furrows bear two rows of tube-feet. The tube feet do not possess spi-
cules. The adambulacral grooves are lined by fourteen adambulacral plates on each
side. [Each plate bears two or three furrow spines on the adradial edge. On the flat sur-
face of the plate two subambulacral spines (up to 700 um long) stand more or less at right
angles to the furrow.

Each oral plate bears three furrow spines and two or three subambulacral spines.

Four to eight bullet-shaped granules occur spaced on the abactinal and actinal plates.
The abactinal granules are shorter (270-380 pm) than the actinal granules (360-450 pm).

~ Papulae occur singly at the angles between the abactinal and actinal plates, except the
proximalmost two rows of one and two actinal plates.



NOTE ON THE PARATYPES

The smalle$ paratype (EcAs 4650 (pl. I, E) measurs hd = 56 mm, vd = 45 mm,
hd/vd = 1.28 In the proximd row of plates of the abactinal interradid triangle the first
and third plates are much smalleg than the middle plate in that row. Ead of the termind
plates of the ambulacrum possesse a centrd perforation The ambulacrum comprise ten
pairs of adambulacrh plates Papula do not occu betwea the plates of the apicd systan
or betwea plates of the three proximd rows of the actind triangle

Paratye EcAs 4654 measurs hd = 71 mm, vd = 60 mm, hd/vd = 1.18 (pl. I, C).
Three of the termind plates (radi A, B, D) are perforae whilst two (radi C, E) are
not. The ambulacrmm comprise fifteen pairs of adambulacrh plates Papula occu acti
nally from betwee the third and fourth rows of plates

The larges paratype (EcAs 4652 measurs hd = 14 mm, vd = 127 mm, hd/vd = 11
and is the mog spherich of the four specimes (pl. I, F). The apicd systan has a diame
ter of 6.2 mm, with plates in interradi AB and EA ead having a transvers cleft. Other
wise the plates of the apicd systan are unmodified In the proximd row of abactinal
interradid plates the three plates are more or less similar in size The ted plates are tex-
tured with glasy bumps betwee which run slight furrows. There are twenty pairs of
adambulacrh plates ead bearirg three furrow spines and two subambulacria spines
None of the termind plates is perforate

INTERNAL ANATOMY

Two paratypes (EcAs 4654 and EcAs 4652 were partly dissectd in order to examire
the internd anatony for comparism with P. polyplax (ROWE et al, 1982) The generd
anatony is similar to that describel by ROWE et al. (1982 for P. polyplax and does not
require descriptimm (pi. I, C, D, F). However the rectun is quite different in gustavei
being produceal into five pouch-like structures one lying in ead interradits between adja
cent pairs of radid pyloric caeca (pi. I, C). Ead rectd poud is plicate internally. Sub
sequen examinatim of the smalles specima& of P. polyplax (AM Jl 1721) has shown
poorly developel rectd caeca& which are absem in large specimes (see p. 318). Both spe
cimers of gustavei examina were female with developig oocytes in the paired lobate
gonad (pi. I, D). In the smalle specim& (EcAs 4654 the oocytes measurd up to abou
135 /ira diameter whilst in the larges specim@& examina (EcAs 4652 the oocytes were lar-
ger, up to 230 ixm diameter Ead pair of gonad contairs an estimatel 200-4®M oocytes
This indicates a probabk perennie] low productiw effort with the developmen of modera
tely large eges and non-planktotrophd (FAUCHALD, 1983 possiby demersh (PEARSE, 1969
larvae Although histologicd evidene@ shows the gonodud¢ to be dorsally directed the
position of the gonopoe has not been determined This is due to conservatie dissectim
in order not to significanty damag@ the specimen Retrievd of additiond specimes will
allow further investigatim by dissection



— 313 —

REMARK S

Re-examinatia of, and comparism between the holotype and paratyge of P. thalassae
and the specimes of P. gustavei describe&l hereh shows that the new specias differs from
the sympatrt thalassae in itslarge size and more particulary in the arrangemeh and shape
of the plates in the carind row. In the holotype of thalassae, which measurs hd =
8.5 mm, the carind plate adjacen to theradid plate of theapicd systen hasbecome smal
and convex (nodula) and is separatd from the next plate in the carind row by the conti-
guity of plates of the proximd rows of adjacen interradii at leag in radi A, D and E.
In the smalle paratype of thalassae, hd = 6.0mm, the separatio of thee smal nodula
plates from others in the carind row has not occurred However the shag and size of
thee plates affords a distinctive difference Theloss of the perforaticm in the termind
plates of thalassae (ead termind plate of the paratype is perforat but none is perforae in
the holotypg occus before the animd reache hd = 8.5 mm, wherea some of thee plates
reman perforae in gustavei even at hd = 9.5mm. Finally, althoudh the larges known
specima& of gustavei is more or less spherich (hd/vd = 1.1) (pi. I, F), smalle animak
appea to grow through a more cushion-shapa& form (hd/vd = 1.18-1.5 (pi.l, A). Insuf
ficient materid of thalassae does not permit a dired comparism of this feature to be made
However, the smal paratype of thalassae is somewha flatter (hd/vd = 1.2)than the large
holotype (hd/vd = 1.15), which might sugges a similar growth pattern

P. gustavei is easiy distinguishe from the Pacific specis P. polyplax by the com
plexity of the apicd systan in polyplax. Differences of the rectd region occu but may
not be importart taxonomicaly (JANGOUX, 1982) Re-examinatia of the Australien
Museun materid of P. polyplax has confirmed that the termind plates reman perforae
even in the larges specim@ known (hd = 15 mm).

P. gustavei is distinguishe from P. pulvinatus by its smal size its shap and fewer
granules on theted plates Theinternd anatony of pulvinatus is not known but the ter
minal plates of the large holotype (hd = 21.5 mm) are reportel perforae by ROWE and
NICHOL'S (1980).

P. crassus is removed herein from the genws Podosphaeraster and placel in the
synonyny of the goniasterd specis Nymphaster  arenatus.

B. — THE STATUS OF Podosphaeraster crassus Cherbonniey 1974

Nymphaste arenatus (Perrie)
(PL. 1, G-I)
Pentagonaster arenatus Perrier, 1884 : 236, pi. vii, figs. 3-4.

Nymphaster arenatus : MORTENSEN, 1927 : 84, fig. 8 ; DOWNEY, 1973 : 58, pi. 22, figs. C, D.
Podosphaeraster crassusCherbonnier, 1974 : 1731

MATERIAL : 47°39'8 N, 8°05'3" W (" Jean-Charca ", stn. 16), 1 120-9® m, 5.xii.|968 ; 1 spect
men (holotype of Podosphaerastercrassus: MNHN n° EcAs 4651)
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REMARK S

CHERBONNIER (1974 gawe a detailed descriptiov of a triangular actind fragmen
(124 mm long) of a sea-star believing it to represeh a portion of a new, relatively large
specis (50-70 mm hd) of Podosphaeraster. Two features of particula intered describe
by CHERBONNIER (1974 were the presene of perforated denticulae bars in the tube feet
and his interpretatim of a perforatel actind plate as possiby representigp an unusualy
actinally placed madreporite ROWE and NICHOLS (1980) while describig P. pulvinatus,
commentel on thes features in distinguishig P. crassus. They suggestd that crassus
might be separatd from the othe specis in Podosphaeraster at a generi¢ if not familial
level. However not having examinel CHERBONNIER'S material they declined to commen
further.

An examinatimm of the fragmentay type materid (pi. I, G-1) has now convinceal the
presemn autha that CHERBONNIER was incorred in assignimg the species crassus, to the
genws Podosphaeraster. It represents insteal a proximd ord fragmen of a

goniasterid The evidene for the assertim lies in the presene of bars in the tube-fe¢ (a
goniasterd feature ; see ROWE, 1977 ; the complexity and arrangemeh of the adambulacrh
armatue ; the imbricating rathe than abutting actind plates ; the absene of actind
papule between the plates Most significantly, the absene of the internd midrinterradia
calcite ridge, presen in all othe specis of Podosphaeraster, preclude the inclusion of cras-
sus in that genws (pi. I, G). Finally, CHERBONNIER was mistaken in describig a perfora
tion in one of the actind plates He correcty represerg the arrangemen of granules on
the plate (CHERBONNIER, 1974 fig. 2c¢) but the plate is not perforated It appeas that
minor damag has occurred suc as the loss of one or two granules and that a circlet of
new, smal granules is in the proces of developig to replae this loss (pi. I, H-1).

The arrangemen of the plates granulatiom and adambulacrb armatue suggestd to the
presem autha that the fragmen represemg part of a specima of Nymphaster. The specis
N. arenatus (Perrie) is known from the sane area and deph as that from which Podos-
phaeraster crassus was collected In fact, N. arenatus is wide-spred in the North Atlantic
(MORTENSEN, 1927 ; DOWNEY, 1973) Following a reque$ by the author Miss A. M.
CLARK, (British Museun (Naturd History), London) comparel a photograp of P. crassus
with specimes of Nymphaster arenatus (Perrie) ; Ceremaster granulatus (O. F. Miller) ;
Plinthaster dentatus (Perrie) ; Pseudarchaster pareli (Diben & Koren) and  Sphaerodiscus
placenta (Mduller & Trosche) and though the autha corred in his assessmén (A. M.
CLARK, pers comm.) After directy comparirg P. crassus with a similar sectim of N. are-
natus sert to the autha by Miss CLARK, he is now convinceal that, despite the fewer furrow
spines presem (5 in crassus as oppose@ to 6-9 in N. arenatus), the bed cours to follow is
to conside Podosphaeraster crassus a synonyn of Nymphaster arenatus and formally com
mit it herein It is considerd that it would be impossibEe to recogni® any whole animd
collectad as that representatig of the likely complee form of P. crassus, a specis foundal
on such an inadequa¢ and broken fragment



STRUCTURE AFFINITIES AND DISTRIBUTION
OF THE GENUS PODOSPHAERASTER

Despie therecen discovey and descriptim of the genws from therelatively few (12)
known specimes representig thefour nomind specis of Podosphaeraster, agood ded of
interes has been shown in this sea-sta (CLARK and WRIGHT, 1962 ; CHERBONNIER, 1970,
1974 ; ROWE and NICHOLS, 1980; ROWE et al.,, 1981; JANGOUX, 1982). The presen study
of this enigmatt asterod has further high-lighted perplexirg features both from the point
of view of explainirg evolutionay developmeh of, and relationship between the known
species

Firstly, there appeas to be a progressie loss of the perforation of thetermind plate
of theambulacrum with growth of theanimal in both of the Atlantic species Theappa
rent progressie openirg of the actind (ventra) surfae of the five termind plates inthe
holotype of P. gustavei, which isintermediaé in size in the series of specimes describel
(see p. 311), shows this phenomeno mog clearly (text-fig. 1). Even in the only two
known specimes of thalassae pores arepresen in thesmalleg specime& but absen from the
larger. In both of the Pacific specis the termind plates reman perforae in the known
material with the holotype of pulvinatus at leag 50% large than the known Atlantic spe
cimens The significane of possessig a pore in thetermind plate which is presumaby
occupied by the sensory termind tentack of the wate vascula system is unknown but
such a pore is known to occu in a few, widely related extart species (Caymanostella spp,
Tosia queenslandensis, Pentagonaster crassimanus, P. duebeni, Stichaster striatus, S. austra-
lis).

The repot of theoccurrene of a perforatim in thetermind plate of thefossi Sphae-
raster 'punctatus’ (ROWE et al., 1982 wasmade in error.

The early, pos metamorphié skelethd developmenh of only a few extart asterod species
has been describel (see KOMATSU, 1975 ; OGURO et al.,, 1976 ; KOMATSU et al.,, 1979) How-
ever, one of the mog detailed accouns still remairs that of FEWKES (1888) It appeas
that thetermind plates which are the first to be laid down at metamorphosis are cap
shaped ead with an actind (ventra) channé which is occupie@ by the termind ten
tacle It would appea likely, therefore that thepore which perforates thetermind plates
of thos asterod specis listed above is develope by the actind closure of tha
channel If this isthecas® then what is occurring in Podosphaeraster, at least isthat the
Atlantic species are exhibiting what appeas to be a seconday openirg of theactind chan
nd of thetermind plate with growth. Thesignificane of this developmen is difficult to
determire on the presen evidence othe than to specula¢ aredundam evolutionay experk
ment

Secondly the adoptal practie of describirg the arrangemen of abactind and actind
plates in Podosphaeraster, with the exceptim of theradially aligned carind plates and the
apicd system has been in horizontd orde (CLARK and WRIGHT, 1962; ROWE and
NICHOLS, 1980; ROWE et al., 1982and hereif insteal of longitudind orde as in other
asteroids Theposition of margind plates therefoe hasnot been determinel (ROWE et al.,



1982). Theoccurrene of margind plates in asteroid isvaried and may compri®e a single
row, a doubl row, which may or may not have equd numbes of plates or marginak
which may be restrictel along the arms (SPENCER and WRIGHT, 1966) Within the family
Sphaerasteridgeas currently understood the fossi genws Sphaeraster has been reconstruct
ed as a dome-shap@ animd with a flattenel or slightly concawe actind surface at the rim
of which arow of superomarginia plates and a row of smalleg but of equd number infero-
marginak occu (SCHONDORF, 1906). Valettaster Lambet hasbeen compare in shap with
Sphaeraster, thoudh a reconstructio has not been publishel (SPENCER & WRIGHT,
1966). It seens to the presen autha that in Podosphaeraster, imposition of the spherica
shap on sud a rigid teg structue might well necessita major realignmen of plates
This would include the probabk separatio of the superomarginia and inferomargind plates
from ead other, at leag interradially and the necessar addition of intermargin& plates
Spherichd shap may not be the only reasm for such a realignmem of the margind region
since intermargin& plates are known to occu in a numbe of regulary stellate but high-
disced asteroids Thes however haw a more flexible skeleton the primary plates being
supportel by internd connectig rods ROWE (1977) hassuggestd ecologicd pressure for
the arrangemen of reducel numbe of marginals extensie intermargind plating and exten
sion of papula from the abactind surfae in the family Asterodiscididae

The site of developmenh of margind plates is from ead side of thetermind plate of
eadh arm (FEWKES, 1888) The margind plates exterd into the interbranchid arch where
the apex of the arch is formed by the contad of the first developel marginak from adja
cent arms In the cae of Podosphaeraster specis ther are two interradialy placed

FIG. 2. — Diagrammatic representatim of proposed plate arrangemert of Podosphaeraster : Cert = central-
dorsa plate ; R = radial plates ; IR = seconday interradial plates ; C = carinal plates ; dl = proposal
abactinal-lateral plates ; M = madreporic plate (primary interradial plate) ; S = proposel superomargind
plates ; Int = proposel intermarginal plates ; Im = proposel inferomarginal plates ; al = first row, propo-
sal actinolateral plates ; a2 = secom row, proposal actinolateral plates ; T = terminal plate at tip of ambu-
lacra.
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lozenge-shape plates in both the horizontd middle row of abactind plates and the outer
mog row of actind plates which lie immediatey belonv the ambitus (ROWE & NICHOLS,
1981 ; ROWE et al., 198 ; herein) If thee were considerd to be the first marginak then
an arrangemen of margind plates could be suggestd which incorporat two, additional
intermargina plates to " fill the gap" betwee the arching supere and inferomargind rows
(text-fig. 2). The remainirg plates in the ventrd interambulacrh region may then be
regardel as actinal-laterd plates forming two chevrors (text-fig. 2). Sud an arrangemen
of actind plates is recognisd in other asteroid including the goniasterd Tosia and oreaste
rid Culcita.

To interpreg the remainirg abactind plates requires comparatie commen abou the
developmen of the disc region The first ten plates to develgp at metamorphos are five
radid (= terminal plates followed by the five primary interradials A central-dorsh plate
is then formed (FEWKES, 1888) The radid (= termina) plates move out along the arm as
the median dorsd (or carina) and othe plates devel@ just proximd to ead of the termi
nal plates That the primary interradid plates do not move very far from the centrat
dorsd plate is obvious in mary asteroids Despie the describel alternative developmerg
of the madreporite eithe incorporatel by a primary interradid plate or resultig from the
fusion of the separatetl develope madreport¢ plate with a primaty interradid plate (OGURO
et al., 1976 the location of the primaty interradiak can be detectel in ead interradis by
referene to the position of the madreporite Developmen of plates of the disc occuis
within this ring as the asterod expand with growth. In Podosphaeraster the madreporc
pore is simple and centraly placed in the madrepor¢ plate The othe four primary inter
radials can be distinguishe clearly in eadh of the othe interradii Within the circlet of
primary interradiak is a ring of five interradials arourd the centrd dorsd plate Thes
may be considerd as seconday interradiak having arisen later than the primary plates It
is difficult to determire whethe the radiais of the apicd system as defined by ROWE &
NICHOL S (1981) ; ROWE et al. (1982 ; herein hawe arisen from the disc region or represenh
the first dorsd carind plates which would havwe arisen proximd to the termind plate The
size of thes radid plates might sugges the latter.

CLARK and WRIGHT (1962 fig. 3b) hawe describel the occurrene of a few irregula
plates arourd the central-dorsh plate in the holotype of P. polyplax. It seens to the pre
sent autha that thes represeh the developmenh of extra radid and interradid
plates There is a partid ring of four seconday radid plates abutting with the centrat
dorsal . Thee occu in radi A, C, D and E. Alternating with these in eah of interradi
BC, CD and DE, at least is a smal interradid plate which may represeh eithe some divi-
sion of the adjacem seconday interradid plates or the partid developmen of tertiary inter
radid plates in the apicd region Sud developmeh does appea variablke in polyplax with
the extrene condition being exhibited in the holotype (see ROWE et al., 1982 fig. 2). The
developmen of seconday radial, apicd (or disg plates does not occu in any of the othe
species of Podosphaeraster with the exceptimmn of the transvers clefts occurring in three of
the seconday interradiak in one of the specimes of gustavei (see p. 312)

Following this line of reasoning it is possibke to find the equivalen of conventionha
asterod abactinal-laterl plates Thes are the remainirg interradid abactin& plates of the
proxima horizontd row, that are on eithe side of the madreporite and the outermos two
plates of the middle horizontd row (text-fig. 2). Although extra apicd plates do not



appea to occu in Sphaeraster, the abactind interradid plates might similarly be interpretel
in longitudinal abactinal-laterb fashion (see CLARK and WRIGHT, 1962 fig. 3).

SCHONDORF (1909 compare the form of the madreporie of Sphaeraster  ‘punctatus’
particularly with that of Tosia australis (as Astrogonium  astrologorum). Examination of
Tosia shows that the madrepor¢ siewe occuis prominenty on the abradid edge of the
madreporc plate (i.e. primary interradid plate and is pat of that plate Becaug of its
size the abactin& laterd plates immediatey distd to it accommodag in shag so that exter
nally, without dissociatig the individua plates the siew appeas to be a separa¢ entity
which is interplae in position SCHONDORF (1906 suggestd that the madreporie of
Sphaeraster may eithe be a modified interradid plate or be indépendah of the othe skele
tal plates and occurring between them ROWE et al. (1982 supporta the Ilatter
hypothesis It seens to the presem autha that despie his recen support given with other
authors for that view, it is more likely that the madreporie forms part of the interradid
plate and is not therefoe interplae in position or unusué in any way. SCHONDORF'S first
hypothess is therefoe supportel here The main differences between the madreporits of
Sphaeraster and Podosphaeraster lie in the position of the pore on the plate and the com
plexity of the siewe indicatel as occurrirg in Sphaeraster by SCHONDORF (1906)

Thirdly, judging from the measuremerst of the known species with the exception of
P. pulvinatus, which remairs markedy cushion-shapedead of the othe specis appeas to
grow through a somewha more flattenadl form before becomirg more or les spherical

Fourthly, the prominent developmen of rectd caeca& in the Atlantic species gustavei,
is difficult to explain Examination of two paratype of gustavei shows that simple pouch
like rectd caec& in the smalle specima& (hd = 7.1 mm) (pl. I, C) are more prominenty
developel than in the large specim@& (vd = 140 mm). This would tend to indicat a
diminution of the importan® of the organ as the animd matures and grows ROWE et al.
(1982), after the dissectim and examinatim of two specimes of P. polyplax (hd =
115 mm ; hd = 150 mm) assumed the absene of rectd caecae describirg a long rectd
canal Like rectd caeca in othea asteroids however the rectd cand of Podosphaeraster
possesse numerows internd epithelid lamellae Unlike other asteroids however no mus
cular layer is presen in the rectd wall. Histologicd examinatim has shown that the
musck layer is similarly absem from the rectd caec& of P. gustavei.

Following the partid dissectim of the third and smalles specima& of P. polyplax
(hd = 95 mm), which is held in the Australian Museun collectiors (AM Jl 1721) rectd
caecae albet poorly developed havwe been found Since the® pouch-like outpushing are
absem from the large specimes of P. polyplax (ROWE et al.,, 1982) it can only be inferred
that, unlike P. gustavei, the necessi for caecé& pouche totally diminishes with growth.
Without further information at lead relating the evolution of relative feeding habits the
significane of this developmeh cannd be determined It is unfortunat that the internd
anatony of neithe P. pulvinatus nor P. thalassae can be compare until new, suitably pre
served materid is recovered The known materid has eithe been dried or insufficiently
well preserve for dissection It is, however interestirg to note that in his survey of diges
tive systens JANGOUX (1982 consides the rectd caec& to be the mog inconsistenty deve
loped organ in asteroids even at intraspecifc level

Finally, the apparent disjuna distribution of Podosphaeraster, in the Weg Pacific and
North-eastem Atlantic Ocears (text-fig. 3) suggest that the genws mug hawe reache the
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FIG. 3. — Distribution of Sphaeraster(S>: Valetaster(V) ard Podosphaerasterspp P. gustavei (Q), P. thalassae
($), P. polyplax (+), P. pulvinatus (o).

north Atlantic prior to the final separatia of the Indo-weg Pacific segmen of the Tethyan
seawdy from the Atlantic Oceax (and the Mediterranea Seg in the mid-Tertialy
period Despie the absene of fossi representative of Podosphaeraster, this suggess the
genws to be relatively old and to havwe appeard at lead in the early Tertiary if not as early
as the late Cretaceos period |If Podosphaeraster is a dired descenden of  Sphaeraster,
and probaby also related to Valettaster, as suggestd by CLARK and WRIGHT (1962) then
the occurrene of thes Jurassic-Cretacesugenen in westen Europe and southen Englard
(SPENCER, 1913 (text-fig. 3) would, to some extent suppot that conclusion Certainf a
numbe of equaly wide-spred extart asterod genem are considered supporte by fossi
evidene and assumimg corred taxonomy to be just as ancien (SPENCER and WRIGHT,
1966) The presem distribution of the specis of Podosphaeraster is more likely to haw
been achievel from a pan-Tethya genus Evens subsequen to the Cretaceos period
including plate movements resultirg in altered seawag and ocea current systems and the
varied effecs of climatic and tectonc change in sea levels with their consequentila effea
on the emergene and submergene of continentd shelves would hawe contributel to the
isolation of representative of the genws in the Atlantic and Pacific Oceans It is mog
likely, however that Podosphaeraster will be found to occu at leag in the Indian Ocean if
not also in the Mediterranea Sea An argumen relating suc geologicd evens to the
present-dg distribution of stalked crinoids in the Atlantic, Indian and Weg Pacific Ocears
has been advancd by Roux (1979 1980a 19806 1980¢ 1981)

The pauciy of materid availabe at the presem time would indicat the rarity of



Podosphaeraster and almog certainy does not refled eithe the tota numbe of specis or
the entire distribution of the currenty recognisd nomind species Interestingy the pre
senty known deph ranges of the Atlantic specis (500-65 m) are greate than thos from
the Pacific specis (72-15 m, polyplax ; 244-32 m, pulvinatus), indicating that at leag
polyplax occurs on the continentd shef rathe than the continentd slope In this latter
case distribution may hawe been affectad sinee major parts of the China and Arafura Seas
from ead area of which polyplax has been recorded would hawe been emergeh during
Pleistocere glacid periods (WISE and SCHOPF, 1981 ; WOODWARD, 1983)

Histologicd sectiors of the gonad of both P. gustavei and P. polyplax, examine
herein shows interestirg features Firstly all specimes dissectd (2 of gustavei ; 3 of poly-
plax) are female Unles sex chang occuls then to date no male specimens at leag of
thes two species havwe bee collected In neithe specis are the gonad large or ramifying
(P. gustavei, pi. I, D ; P. polyplax, ROWE et al., 1982 fig. 4). An estimae of oocyt
numbea per animd basa on examinatim of sectiors indicates low fecundity with the five
pairs of gonad containirg probably no more than some 10002 000 oocytes in gustavei or
abou 3-4 000 in polyplax. The size of oocytes in gustavei ranges up to 235 /im but oocytes
of a comparabé developmenth stag range only to 100 ¢wn in polyplax. This in itseff
would indicate different reproductie strategis in the two species

It has been suggestd (p. 312 that gustavei may develp a demersh larva On the
other hand the distribution of polyplax, in depths which extend its range not more than
half way acros the continentd shelf would indicat a planktotropht (whethe feedirg or
non-feeding larvd development This would be necessar since the known geographé
distribution requires the traver® of a numbe of dee troughs and basirs (FAIRBRIDGE,
1966) Sud interspecift (even intraspecifig differences in types of larvad developmenh in
benthic marine invertebrate are not unusud (MILEIKOVSKY , 1971) Further MILELKOVSK Y
(1971 also notes that wherea the vas majority of specis inhabiting shallov shef areas
develp by mears of planktotroph¢ larva stages thos from highe latitudes and thos
occurring on the slope and deepe in low temperatue regimes tend to replae pelagc deve
lopment Sudc might also explain the differences in reproductie strategis betwee the
tropical, shallow-wate specis P. polyplax from the Ead Indies and Wed Pacificc and
deeper-wate specis P. gustavei from the North-ea$ Atlantic.

Wherea wate currert patterrs within the Eag Indian Archipelag (LAFOND, 1966
might well be cited as the mears of presem day distribution of P. polyplax betwea the
China and Arafura Seas presumim in this ca® a planktotropht larva, the distribution of
polyplax in the Loyalty Islands raises the perplexirg questiom of the geographich origin of
that species Prevailig wind and ocea currens move westwad towards the Eag Indian
Archipelagp and South-wes toward the Loyalty Islands This might suppot a westen
Pacific origin with westwad sprea to the Ead Indies (LADD, 1960) Conversely CHAPRO-
NIERE (1980) considerig foraminiferan distributiors in the Australasia region conclude
foraminiferars probably reachel New Zealard by way of the Louisacke Archipelagp and
Renne Ridge to New Caledona and thene via the Norfolk Ridge to New Zealand pro-
bably in Miocene times It is possibe sudh a route may hawe been taken by  Podosphaeras-
ter polyplax to read the Loyalty Islands

until further materid is availabk for study a detailel analyss of geographich origins
and distributiors of the species of Podosphaeraster is not justified.
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In conclusion the discussim presentd abow has s& out to try to understad and
redescrile the arrangemenof the teg plates and other features of Podosphaeraster. This
is achievel through deduction from the known, early, post-metamorphi developmen of
some othe asteroids This thess might, therefore be considerd speculatie in view of the
paucity of materid of Podosphaeraster available and therefoe open to discursiwe
question For this reason therefore the description of a new specis in this pape is basea
on the conventiond forma of CLARK and WRIGHT (1962).

The Zoogeographe discussio s& out abow hastaken the pragmatc approad that nefr
ther dispersh from a "centre of origin" (e.g BRIGGS, 1981) nor even present-dg long-
distan® dispersa (e.g DANA, 1975; SCHELTEMA, 1979 can accoun for the curret known
distribution of Podosphaeraster. Rathe the inclusion of information from a numbe of
disciplines including vicarient factors such as tectont and climatic evens ; consequenalte
ration of the coure of oceanc current leadirg to the present distributionally controlling
currert patterrs ; as well as reproductie strategies and larval behaviou isrequired in deter
mining the ultimate reasors for the varied distributiors of marine invertebraé specis
(MCCOY and HECK, 1983).
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PLATE |

A, B. — Podosphaeraster gustavei nov. sp, holotype EcAs 4653 hd = 95 mm : A, laterd view ; B, apicd
system

C, D. — P. gustavei nov. sp, paratype EcAs 4654 hd = 71 mm : C, partially dissectd to shav rectd caeca
(rc) ; D, internd view of actind radiss ard interradius gona (g), interradid ridge (ir), ambulacrm (a).

E. — P. gustavei nov. sp, paratype EcAs 4650 hd = 56 mm : abactin& view.

F. — P. gustavei nov. sp, paratype EcAs 4652 hd = 140 mm : laterd view (partially dissected)

G. H, I. — Podosphaeraster crassus Cherbonnie (= Nymphaster arenatus (Perrier)) holotype EcAs 4651
124 mm long : G, internd ; H, externd ; |, damagd plate (arrowed)
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