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COVER PHOTO: Ophidiaster kermadecensis Benham, 1911 (Ophidiasteridae) from the Chanter Islands,
near Raoul Island, Kermadec Ridge. Photo: Dr Roger V. Grace.
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Frontispiece: 1. Pentagonaster pulchellus Gray, 1840 (Goniasteridae) (right) and yellow and green specimens of Patiriella regularis (Verrill, 1867) (Asterinidae)
(left), from Breaker Bay, Wellington. Photo: Dr Malcolm P. Francis. 2. Asterodiscides truncatus (Coleman, 1911) (Asterodiscididae), Poor Knights Islands. Photo:
Dr Malcolm P. Francis. 3. Diplodontias dilatatus (Perrier, 1875) (Odontasteridae), Breaker Bay, Wellington. Photo: Dr Malcolm P. Francis. 4. Knightaster bakeri
H.ES. Clark, 1972 (Ganeriidae), 36 m, Castle Rock, off Mercury Bay. Photo: Dr Roger V. Grace.
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ABSTRACT

Sea-stars in the order Valvatida have been described for the New Zealand biogeographic region (24° to 57° S, 157° E to 167° W),
including the Exclusive Economic Zone (EEZ), Lord Howe Island, and Norfolk, Kermadec, and Macquarie Ridges. Five
superfamilies, 12 families, 54 genera, and 96 species-rank taxa are represented throughout theregion (thisincludes 5 unidentified
species): Goniasteroidea (Goniasteridae, 35 species and subspecies; Asterodiscididae, 2 species), Odontasteroidea
(Odontasteridae, 9 species; Chaetasteridae, 1 species), Ganerioidea (Ganeriidae, 4 species; Asterinidae, 16 species; Poraniidae,
2 species), Ophidiasteroidea (Ophidiasteridae, 21 species; Mithrodiidae, 1 species), and Oreasteroidea (Oreasteridae, 1 species;
Asteropseidae, 2 species; Acanthasteridae, 2 species). Two new goniasterid genera (Eknomiaster, Kermitaster) are described.
Nine new species and one new subspecies are described in the genera Calliaster, Ceramaster, Eknomiaster, Kermitaster, Mediaster,
Sphaeriodiscus (Goniasteridae), Odontaster (Odontasteridae), Nepanthia (Asterinidae), and Tamaria (Ophidiasteridae). Of the 95
species recorded in the wider region, 64 species are found within the boundaries of the EEZ, of which 30 are endemic. Five
genera are endemicto the EEZ: Eknomiaster, Enigmaster, Kermitaster (Goniasteridae), Knightaster (Ganeriidae), and Acheronaster
(Oreasteridae). Four other genera are newly recorded for the EEZ: Dissogenes (Ophidiasteridae), Philonaster, Plinthaster
(Goniasteridae), and Tremaster (Asterinidae).

The family Goniasteridae dominates the Valvatida in the region, both in terms of the numbers of species (c. 38%) and of
specimens (c. 2580 specimens out of c. 3630 for all species, i.e,, 71%); in a 1970 survey of New Zealand echinoderms, only 8 taxa
of Goniasteridae were recorded compared to the present 36. All 12 families of Valvatida recorded here are present on the
continental shelf and six appear confined to depths of 200 m or less, viz. Acanthasteridae, Asperopseidae, Chaetasteridae,
Mithrodiidae, Oreasteridae, and Poraniidae. Only four species extend to depths exceeding 1000 m. The deepest record is that
of Plinthaster dentatus from 2910 m. Of the 95 species, some 72 have a known latitudinal range of six degrees or less within the
region. Dissections were made of many of the goniasterid species. No internal parasites were encountered.

Keywords: Goniasteridae, Asterodiscididae, Odontasteridae, Chaetasteridae, Ganeriidae, Asterinidae, Ophidiasteridae,
Poraniidae, Mithrodiidae, Oreasteridae, Asteropseidae, Acanthasteridae, New Zealand, sea-stars, taxonomy, distribution, new
species
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Fig. 1. Map of the New Zealand region which covers the study area.




INTRODUCTION

Probably the first sea-star to be reported from New
Zealand waters was Astrogonium pulchellum (now
Pentagonaster pulchellus) which was described briefly
by Miiller and Troschel (1842: 55); it issimply recorded
as from “Necu-Seeland”. Ayres, later in 1851, also
described Pentagonaster pulchellus but called it
Stephanaster elegans. Since then the recorded asteroid
fauna of New Zealand has grown very considerably,
and in 1970 six genera and seven species of goniasterid
sea-stars (H.E.S. Clark 1970: 3) were known. By 2001,
21 genera and 32 species of goniasterid sea-stars are
recorded from New Zealand waters.

The Goniasteridae is a large and very diverse family
witha worldwide distribution; the family is especially
well represented in the Indo-West Pacific. The family
includes both shallow- and deep-water species.

In a series of papers and monographs (1911-1930)
W K. Fisher described and illustrated many sea-stars
from the North Pacific, of which the goniasterid species
are of special importance and interest to the present
work.

Halpern (1970a, b) also contributed much to our
knowledge of the family Goniasteridae; his papers dealt
with Atlantic goniasterids, especially those from the
Straits of Florida and surrounding waters.

A M. Clark and Rowe (1971) included a number of
goniasterids in their monograph of shallow-water Indo-
West Pacific echinoderms, and A.M. Clark and
Downey (1992: 226) recorded 24 genera and 35 species
from the Atlantic. They remarked (p. 228) on how little
was known, biologically, about members of the family.

A M. Clark (1993: 240) recorded 59 genera in the
family Goniasteridae and 262 species; thisis on a world-
wide scale. The family Goniasteridae is one of the
largest, most diverse, and most interesting of all the
asteroid families.

Finally, Rowe and Gates (1995) recorded 19 genera
and 32 species of goniasterid sea-stars from Australian
waters; 11 of these genera and seven species are known
also from New Zealand.

Relatively few fossil Asteroidea are recorded from
New Zealand deposits. Two fossil goniasterid genera
from Upper Cretaceous deposits in North Canterbury
were recorded and described by Fell (1952, 1956 ); these
are, respectively, Ophryaster novaezelandiae and Hip-
pasteria antiqua. Spencer and Wright (1966: U58)
recorded Hippasteria, Pseudarchaster, Paragonaster, Calli-
aster, Nymphaster, and Mediaster. Fell also remarked on,

butdid not describe, a fossil New Zealand Pseudarchaster.
Eagle (1999: 552) discussed Fell’s identification and
described Pseudarchaster motutaraensis from Miocene
rocks at Motutara, West Auckland. Interestingly, in
“The Great New Zealand Fossil Book” (Brazier et al.
1990: 10, fig. 3) there is a photograph of a fossil sea-star
from early Cretaceous rocks in inland Gisborne which
may well belong in the family Goniasteridae.

The classification adopted herein follows that of
Blake (1987).

This memoir is the second of a series of three
describing the entire New Zealand asteroid fauna.

AREA OF STUDY

Asteroid specimens in the present monograph are from
collections made by the then New Zealand Oceano-
graphic Institute (now incorporated into NIWA) and
the National Muscum of New Zealand Te Papa
Tongarewa. The area covered is from 24° to 57°30'S
and 157°E to 167°W (CANZ 1997; Fig. 1). This is
essentially the area covered by most New Zealand
scientific charts. It extends from the Lord Howe Rise,
South Fiji Basin, and northern edge of the Louisville
Seamount Chain in the north to the Hjort Trench,
Southwest Pacific Basin, and Subantarctic Slope in the
south. Depths range from 0 to nearly 5000 m (4868 m,
Eltanin Stn 1837). The area includes Norfolk, Lord
Howe, and KermadecIslands in the north and Snares,
Auckland, Campbell, Antipodes, and Bounty Islands
to the south of New Zealand.

ABBREVIATIONS OF INSTITUTIONS

NMNZ: Museum of New Zealand Te Papa Tongarcwa
(formerly National Museum of New Zealand)

NIWA: National Institute of Water and Atmospheric
Research, Greta Point, Wellingto

NZOI:  New Zealand Oceanographic Institute, Welling-

ton (now part of NIWA)
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CHECKLIST OF SPECIES

(* New species and records described in this memoir)

Superfamily GONIASTEROIDEA

Family GONIASTERIDAE Forbes, 1841

Anthenoides cristatus (Sladen)
Anthenoides epixanthus (Fisher)
Anthenoides granulosus Fisher

*Calliaster thompsonae n.sp.

Ceramaster glasbyi McKnight
*Ceramaster patagonicus australis n.ssp.
Ceramaster patagonicus patagonicus (Sladen)
*Eknomiaster macauleyensis n. gen., n. sp.
Enigmaster scalaris McKnight & H.E.S. Clark
Gilbertaster anacanthus Fisher
Glyphodiscus mcknighti Rowe
Hippasteria phrygiana (Parelius)
*Kermitaster pacificus n. gen., n. sp.
Lithosoma novaezelandiae McKnight
Mediaster arcuatus (Sladen)

*Mediaster gartrelli n.sp.

Mediaster sladeni Benham

Milteliphaster wanganellensis H.E.S. Clark
Paragonaster ridgwayi McKnight
Paragonaster stenostichus Fisher
Paragonaster sp.

Pentagonaster pulchellus Gray
Philonaster sp.

Pillsburiaster aoteanus McKnight
Pillsburiaster maini McKnight
Pillsburiaster sp.

Plinthaster dentatus (Perrier)
Pseudarchaster garricki Fell
Pseudarchaster macdougalli McKnight
Pseudarchaster sp.

Pseudoceramaster hunti McKnight
Rosaster endilius McKnight

Rosaster mimicus Fisher

*Sphaeriodiscus irritatus n.sp.
Sphaeriodiscus maui McKnight

Family ASTERODISCIDIDAE

Asterodiscides grayi Rowe
Asterodiscides truncatus (Coleman)

10

Superfamily ODONTASTEROIDEA
Family ODONTASTERIDAE

Diplodontias dilatatus (Perrier)
Diplodontias miliaris (Gray)
Diplodontias robustus Fell
Eurygonias hyalacanthus Farquhar
Hoplaster kupe McKnight
Odontaster aucklandensis McKnight
Odontaster benhami (Mortensen)
Odontaster penicillatus (Philippi)
*Odontaster rosagemmae n.sp.

Family CHAETASTERIDAE

Chaetaster moorei Bell

Superfamily GANERIOIDEA
Family GANERIIDAE

Cycethra frigida (Koehler)

*Hyalinothrix millespina Fisher
Knightaster bakeri H.E.S. Clark
Tarachaster australis McKnight

Family ASTERINIDAE

Anseropoda aotearoa McKnight
Asterina alba H.L. Clark

Asterina anomala H.L. Clark

Asterina heteractis H.L. Clark
Asterina inopinata Livingstone
Nepanthia belcheri (Perrier)
*Nepanthia grangei n.sp.

*Nepanthia reingan.sp.

Paranepanthia aucklandensis (Koehler)
Patiriella exigua (Lamarck)

Patiriella gunni (Gray)

Patiriella oliveri Benham

Patiriella pseudoexigua Dartnall
Patiriella reqularis Verrill

Stegnaster inflatus (Hutton)
*Tremaster mirabilis novaecaledoniae Jangoux



Family PORANIIDAE

Marginaster sp.
Porania antarctica antarctica Smith

Superfamily OPHIDIASTEROIDEA
Family OPHIDIASTERIDAE

Dactylosaster cylindricus (Lamarck)
Dissogenes petersi Jangoux

Fromia milleporella (Lamarck)
Fromia monilis Perrier

Fromia polypora H.L. Clark
Gomophia watsoni (Livingstone)
Heteronardoa carinata (Koehler)
Leiaster leachii (Gray)

Leiaster speciosus von Martens
Linckia guildingi Gray

Linckia laevigata (Linnaeus)

Linckia multifora (Linnaeus)
*Nardoa cf. tumulosa Fisher
Neoferdina cumingi (Gray)

Oneria tasmanensis Rowe
Ophidiaster confertus H.L. Clark
Ophidiaster hemprichi Miiller & Troschel
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Ophidiaster kermadecensis Benham
Ophidiaster macknighti H.E.S. Clark
Tamaria tenellus (Fisher)

*Tamaria giffordensis n.sp.

Family MITHRODIIDAE
Mithrodia clavigera (Lamarck)

Superfamily OREASTEROIDEA
Family OREASTERIDAE

Acheronaster tumidus H.E.S. Clark

Family ASTEROPSEIDAE

Asteropsis carinifera (Lamarck)
Pectricia vernicina (Lamarck)

Family ACANTHASTERIDAE

Acanthaster brevispinus Fisher
Acanthaster planci (Linnaeus)



SUPERFAMILY GONIASTERACEA
Family GONIASTERIDAE

byv

Helen E.S. Clark

Superfamily GONIASTERACEA
Family GONIASTERIDAE Forbes, 1841

Goniasteriae Forbes, 1841: 77.

Goniasteridae Perrier 1875: 185; 1876: 1; Verrill 1899: 145;
Fisher 1911a: 158; H.L. Clark 1916: 33; Fisher 1919: 220;
H.L. Clark 1923b: 252; Mortensen 1927: 78, Macan 1938:
355; Fisher 1940: 117; HL. Clark 1946: 81; D’yakonov
1950: 35; Fell 1958: 8; 1959: 135; 1960: 61; A.M. Clark 1962:
22; Bernasconi 1963: 1; 1964: 252; Tortonese 1965: 155;
Spencer & Wright 1966. U56; HE.S. Clark 1970: 3, 19;
Halpern 1970a: 193; Tommasi 1970: 11; Downey 1973:
46; McKnight 1973a: 171; Carrera-Rodriguez & Tommasi
1977: 91; Blake 1987: 519; Imaoka et al. 1990: 46; 1991: 52;
AM. Clark & Downey 1992: 226; AM. Clark 1993: 240;
Rowe & Gates 1995: 63.

Pentagonasteridae Perrier 1884 231; Sladen 1889: 260; Perrier
1894: 332.

Antheneidae Perrier 1884: 231.

Pentopliidae H.E.S. Clark 1971: 545.

Disc generally large, pentagonal, arms 5, occasionally
4; interbrachial arcs well-rounded. Arms usually short,
blunt; exceptionally arms long, slender, even pointed.
Marginal plates forminganeven and conspicuous edge
to disc and arms, particularly interradially where edge
of disc is high. Marginal plates often with a granular
covering; sometimes plates naked, ringed with
granules. Abactinal plates also sometimes naked or
ringed with granules, or there may be a cover of
granules and even short, sturdy spines. Abactinal plates
often tesselate (plates form a close mosaic) or there may
be secondary plates or slender connecting ossicles; the
last 2 most obvious from the coelomic side. Pedicellariae
often present, generally conspicuous, valvate. Papulae
generally single, sometimes restricted to well-defined
radial areas; papularia on abactinal surface. Tubefeet
with distinct sucking discs.

H.L. Clark (1946: 81) stated of the family Goni-
asteridae, they “show extraordinary diversity in form

TaBULAR CHECKLIST FOR GENERA (partly after A.M. Clark & Downey 1992).

Genus 1 2 3 4 5 6

Anthenoides 1 f c s a w
*Calliaster p/l c/f f als a w
Ceramaster p/l p/t ¢ s a w
Eknomiaster p f n S a w
Enigmaster p c/f ¢ s a c

Gilbertaster | f (€ S a w
+Glyphodiscus 1 f f a a w
Hippasteria p f f s a w
Kermitaster | f C s a w
Lithosoma | f 1 a a w
Mediaster ] t ( S a w
*Milteliphaster ! c/f n s a w
Paragonaster 1 t (c S a w
Pentagonaster p c/f f/In s a w
Philonaster P c s p 0w
Pillsburiaster p/l t c s a w
Plinthaster P c/tf ¢ s a w
Pseudarchaster | p/t ¢ ] a w
*Pseudoceramaster | f G s a w
Rosaster | t c a a w
Sphaerodiscus p f/t ¢ s a w

This tabular checklist is based on New Zealand specimens.

7

oV <IN VI VI VI R VI VIR VI VI VI VI DR VI R R s o BN I

12

8§ 9 10 11 12 13 14 15 16 17
n s +4 a a alp a P i a
n s +4 a

n s +4 a a a a a i a
n s +4 a a a 7a. 7a A a
n S -4/+4 p a a a a i a
n S -4 a a a a a i a
n S +4 a +

n s -4 a a ?p a P i a
n a/s +4 a a a a a r a
n s +4 a a a a a r p
n s +4 a a P p a r a
n s +4 a a

n a/s +4 a p a a a a/i a
y s -4 a a a a a i a
n s -4 a a a a a i a
n s +4 a a a a P i a
n s +4 a a a a a i a
n a +4 a p a p a i a
n s +4 a a

n s +4 a a p a a i a
n ] +4 a a a a a a a



Form:

p - pentagonal

I - arms well developed, distinct from disc, long, often
slender

2 Abactinal plates:
¢ - convex (tumid)

f- flat
p - paxilliform
t - tabulate

3 Abactinal plates:
¢ - covered by (generally) granules
f- fringed by granules or short spines; more or less
naked centrally
n - naked; occasional small glassy bosses present

# Abactinal plates on arms:

a - notobvious, because marginal plates meet in midline
1- larger than disc plates

s - similar to, or smaller than, disc plates

¥

Unpaired distinct, naked, abactinal plates present near
arm tips:

a- absent

P - present

& Marginal plates form:
¢ - confused, disordered edge to disc and arms
w - well-ordered, distinct edge to disc and arms

Interradially, an odd pair of marginal plates is:
a - absent
p - present

£ Inferomarginal plates continue beyond terminal supero-
marginal plate:
n-no
X yes

# Adambulacral plates with furrow margin:
a - angular, with apophyses distally
s - straight or gently curved, no apophyses

and size, but most of them are relatively large and
conspicuous. The most brilliantly coloured and
wkautiful sea-stars of Australia are with a few
exceptions goniasterids.” Thisis also true for the New
Zaaland goniasterids.

Anthenoides Perrier, 1881

Disc broad, arms 5, narrow; body covered, both abac-
tmallv and actinally, by a skin of varying thickness.
Gerradial arcs wide, well rounded. Marginal plates
well developed, inferomarginals projecting beyond
superomarginals.

Tvre Species: Anthenoides peircei Perrier, 1881

13

10 Adambulacral furrow spines:
-4
+4
11 Distinct rungs (bars) present at bottom of ambulacral
grooves:
a - absent
p - present
12 Unpaired oral furrow spine:
a- absent
p - present
13 Connecting bars (ossicles) present between abactinal
plates (generally most obvious from coelomic side):
a - absent
p - present
14 Superambulacral plates (visible after dissection):
a - absent
p - present
15 Partial interradial septa, obvious only after dissection:
a - absent
p - present
16 Gonads
a- not seen
i- interradial, a single tuft on either side of the inter-
radial septum
r - rows of individual gonads present interradiallv, at
angle to septum
17 Calcareous plates, small, in interradial septa:
a - absent
p - present

* - generally a single specimen, no dissection
+ - specimen not seen

Tyre LocaLity: Windward Islands, West Indies.

Remarks: Hyman (1955: 287) remarked that, in some
genera of the Goniasteridae, Anthenoides included, “the
gonads are numerous, occurring in arow along the side
of each arm, each with a separate gonopore.” However,
in specimens of Anthenoides cristatus (Sladen) and A.
granulosus Fisher, dissected in the course of the present
work, the gonads are inter-radial, not serial, and present
as a distinct cluster on either side of the interradial
septum.

DistriBuTioN: A.M. Clark and Downey (1992: 228)
recorded only onespecies of Anthenoides, A. peircei from
the Atlantic (A. brasiliensis Bernasconi is included as a




synonym). In the Pacific the genus is recorded from
southern South America, Australia (Rowe & Gates
(1995) recorded two species from Australian waters),
and New Zealand. Yulin and A.M. Clark (1989)
described two new species of Anthenoides, A. lnevigatuss
and A. tenuis from Hainan Island in the South China
Sea, in 107-270 m. Anthenoides tenuis is similar to A.
cristatus and A. laevigatus seems close to A. lithosorus
Fisher (1913, 1919) which is recorded from near Hong
Kong in 380 m.

KeYTONEW ZEALAND SPECIES OF ANTHENOIDES

1 (2) Distinct, short inferomarginal spines present, at least
interradially cristatus

2 (1) No distinct short inferomarginal spines present;
although inferomarginal granules may be larger inter-
radially

3 (4) Straight pedicellariae present, conspicuous, numerous,
especially on abactinal and adambulacral plates
granulosus

4 (3) Pedicellariae rare; if present, restricted to adambulacral
plates epixanthus

Anthenoides cristatus (Sladen, 1889) (PL 1, Fig. 4)

Leptogonaster cristatus Sladen, 1889:327, pl. 54(1-7).

Anthenoides cristatus: Fisher 1919: 329, pls 78(1, 2), 88(1), 89(1);
Macan 1938: 403, pls 3(5), 5(1); McKnight 1973a: 192;
Yulin & A .M. Clark 1989:; 41; AM. Clark 1993: 241.

MATERIAL EXAMINED:

NZOI Stns: F915(2), I5(1), 16(1), 1345(1), 1346(6), Z2364(1),
78263(1), Z8568(1), Z28985(1), Z8993(1), Z9009(3), 29019(1),
Z9604(1).

NMNZ: Bay of Plenty: Ech. 7390(1).

SizE: R varies between 115 and 24 mm, r varies between
43 and 9 mm. Average R/r (12 specimens) 63/26 mm,
R/r=2/4.

Distriution: Philippine Islands, Gulf of Aden, and this
report, northern New Zealand (North Cape to Bay of
Plenty).

DerTH: 117-510 m.

DEscripTION: Description is of specimen from NZO15tn
I5,R/r=66/27 mm.

Disc large, more or less flat, disc centre irregularly
inflated; interbrachial arcs large, well rounded. A thin
membrane, abactinally and actinally, tending to obscure
plate outlines. Arms 5, rather short, broad basally,
tapering evenly and quickly to pointed tips.

Terminal arm plates pentagonal, plates studded by
many tiny glassy bosses arranged almost regularly;
bosses, most obvious near free tip of plate, enveloped
in a very fine wrinkled membrane; probably 2 terminal
arm spines.

Abactinal plates forming close, regular cover on disc
and arms; most obvious radially where there is a con-
spicuous carinal series; continuing almost to arm tips,
last 2 or 3 pairs of superomarginals from opposite sides

Plate 1. Anthenoides cristatus (Sladen). NZOI Stn I5. R/r = 66/ 27 mm. Abactinal and actinal surfaces.



enlarged inferomarginal spines
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Feg 4 Anthenoides cristatus (Sladen). A. Abactinal view of arm and terminal plate. B. Inferomarginal plates and adjacent
acrnals. C. Oral plates and adjacent adambulacral and actinal plates. Note the small, straight pedicellaria on first adambulacral
rizte D. Adambulacral plates with enlarged subambulacral spine, near arm tip.

of arm in contact medially. A very shortill-defined row more regularly arranged. Distally, small plates, on
of 4 or 5 small, irregularly shaped ?secondary plates either side of carinalseries, few, less regularly arranged.
border anteriormost carinal plates. On disc and along Plates bear well-spaced, round, similar-sized finely
arms, platesbroadly rectangular, almost oval, extend- thorny granules; centrally on plate occasionally 1 or 2
mg in fairly regular rows on either side of carinal series; granules enlarged; interradially, plates smaller, rather
mear superomarginals plates almost square, smaller, irregular in shape, forming a very close cover. No en-
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larged spines or pedicellariae on abactinal plates.

Papulae most conspicuous radially with generally 6
or 7 around each plate, long, slender, tapering, dark
brown, emerging from a distinct round pore guarded
by membranous fold or collar. No interradial papulae.

Madreporite small, irregularly round (about 3 mm),
interradial, near disc centre; itis finely and deeply dis-
sected with ridges converging centrally.

Anus, interradial very near disc centre, small,
inconspicuous, slightly sunken and guarded by 8 or 9
enlarged, thickened, rather tongue-like granules.

Superomarginal plates 17 or 18, present from inter-
radialangle toarmtip; platesrectangular, narrow edge
to abactinal surface. Plates tumid centrally, with well-
defined edge bordering abactinal surface; plates with
spaced round granules similar to, butoftenlarger than,
those of abactinal plates. Surface of plates irregular,
distinct, circular depressions remain if granules re-
moved. On marginof plate, nearinferomarginals, inter
radially generally 1, sometimes 2, enlarged rounded
granules or very short spines, distally only 1 small
inconspicuous granule .

Inferomarginal plates corresponding almost exactly
to superomarginals, projecting slightly beyond them
and visible from above. Inferomarginals with small,
spaced, rounded granules similar to those of supero-
marginals; bearing, at least interradially, 1 or 2,
sometimes 3, even 4, conspicuous, almost “tusk-like”
spines, forming a well-defined fringe. Inferomarginal
plates extending well onto actinal surface; border
clear-cut between actinal and marginal plates. Infero-
marginal platestumid; in 1 interradius, on third infero-
marginal plate from radial midline, a distinct small
bivalved pedicellaria; it is very near actinal plates.

Actinal areas triangular, well developed; plates ir-
regular in outline and size except for well-ordered row
of rectangular plates bordering adambulacrals. These
rectangular plates with scattered, well-spaced, small,
round granules similar to those of marginal and abac-
tinal plates; generally 1, sometimes 2, enlarged, well-
rounded raised granules (short spines); 1 or 2 of these
enlarged granules, especially on more proximal plates
adjacent to oral plates, may be modified as a 2-valved
rather indistinct pedicellaria. Actinal plates extending
along arms to level of 5th inferomarginal plate (from
interradial angle), 12th or 13th adambulacral plate.
Other actinal plates also with spaced round granules;
1-5 granules may be enlarged, conspicuous.

Adambulacral plates forming regular edge along
furrow, with straightor gently rounded furrow margin.
Adambulacral furrow spines 6, sometimes 5, slender,
tapering, roundtipped, spaced; spines, webbed basally,
forming even edge to furrow. On some plates posterior
furrow spine distinctly shorter. Subambulacral spines
short, conspicuous, round headed, in a row parallel to,
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and wellspaced from, furrow spines, occuringon first
2 or 3 proximalmost adambulacral plates; posterior
granule or spine becoming greatly lengthened and
conspicuous, as long as or longer than adambulacral
furrow spines, to arm tip. Anteriorly, most adambu-
lacral plates with a single, straight, slender bivalved
pedicellaria, usually lying near or against furrow
spines; pedicellariae becoming progressively smaller
and generally absent altogether from last half of arms.
Adambulacral plates separated, at least proximally,
by distinct membranous areas, often with small
granules.

Oral plates tumid, large, 2 oral plates in an angle
well separated medianly by broad membranous area;
membranous areas often with small, distinct, separate,
rounded granules. Furrow spines 8 (on one plate 9),
slender, tapering, well spaced, united basally by
distinct membrane; anteriormost 2 spines large, thick,
sturdy. Behind furrow spines, on raised area of plate,
2 or 3 large, sturdy, suboral spines and sometimes a
single bivalved pedicellaria. Small, spaced, rounded
granules, similar to those of actinal plates also present;
armature of oral plates not crowded.

Ambulacral grooves deep, narrow; tubefeet biserial
with well-developed sucking discs.

CoLour: No colour notes of living material; dried (ex
ethanol) both surfaces are light brownish-gold, or
almost white.

REMARKs: In the present material small specimens lack
abactinal pedicellariae, larger specimens (Stns F915, 16,
R more than 70 mm) have occasional small, upright, 2-
valved abactinal pedicellariae. Macan (1938: 405)
recorded that in many of his specimens of A. cristatus,
irrespective of size, there were no abactinal pedicel-
lariae. Fisher (1919: 329) used the absence of abactinal
pedicellariae to separate Anthenoides sarissa Alcock
from Anthenoides cristatus Sladen. Macan (1938: 405)
also noted that the number of subambulacral spines or
granules was nota reliable character. Certainly, in this
material the subambulacral armature is very variable,
with generally two or three conspicuous granules or
short spines; towards arm tips there is only one subam-
bulacral spine; this is very large, often almost flat, broad
tipped and very considerably larger than the furrow
spines. The presence or absence of actinal pedicellariae
is also very variable; they are found in only two of the
present specimens.

However, in the present material the number of
adambulacral furrow spines, five, six, occasionally
seven, and the number of oral furrow spines, eight,
nine, very occasionally 10, is fairly constant. In only
one of the present specimens, the specimen described
(NZO Stn I5), are there obvious interradial enlarged



superomarginal granules. There is also variation in
the abactinal granulation which may be very sparse or
form a close covering as in large specimens (NZOI Stns
F915, 16); in larger specimens, abactinal granules very
finely thorny.

Two specimens (NZOI Stn 1346 : R/r = 63/24; 54/
23 mm) were dissected. In both the stomach was full
of fine sandy mud with many foraminiferans. There
areno obvious superambulacral plates; thereis, however,
distinct thickening and convexity of actinal plates near
ambulacral plates. The specimens may be described
as follows—

Ambulacral plates very steep, separated medianly by
well-developed upper transverse ambulacral muscles.
Also a well-developed median membranous interradial
septum; these septa double, almost tent-like near disc
centre, this particularly obviousin the interradius with
the stone canal. On eitherside of themedianinterradial
septum are 5 or 6 small partial septa extending from
between the 2 series of marginal plates to the actinal
plates; the first 1 or 2 of these partial septa correspond
to the junctions between two marginal plates, thereafter
septa are intermittent and closer together. Two series
of holes or pores, the most conspicuous between the
supero- and inferomarginal plates at plate corners;
pores more or less round, distinct, and probably narrow
very rapidly between the plates; no obvious external
opening between plates (when specimens are examined
externally). Other pores, less conspicuous and fewer,
present near inferomarginals between actinal plates;
these few, smaller, less regular. Possibly these are
gonopores although again there is no obvious opening
to the exterior.

Gonads interradial, lying in dark clusters on either
side of the interradial septum, most obvious in larger
specimens.

Abactinal plates, viewed from coelomic side, similar
ingeneral outline to platesseen from the outside; plates
are distinctly lobed, meeting with similar lobes from
neighbouring plates, no connecting ossicles between
platesalongarms; however, near disc centre, occasional
oval, oblong, or triangular plates overlap and connect
disc plates. Interradial plates forming a close network
in a narrow strip; no obvious papulae.

The smallest specimen in the present collection is
described: NZOI Stn 1346, R/r=25/10 mm.

Disc well defined, more or less flat, slightly raised
centrally; arms 5, tapering rapidly to sharp tips. Inter
brachial arcs evenly rounded, wide.

Arm tips protected by pentagonal plates studded
with very fine glassy bosses; 2 terminal arm spines, 1
on either side, between them are 2 (in 1 arm 3) short,
thorny spines.

Abactinal plates very regular, conspicuous; carinal
series of 6-sided plates extending from near disc centre
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almost to arm tips; last 2 or 3 superomarginal plates
in partial contact. On either side of carinal series are 2
or 3 rows of smaller but well-defined plates. Inter
radially, plates regularly arranged, almost brick-
shaped and forming a close pavement. A conspicuous
mid-interradial suture (shallow gutter, perhaps),
running from marginal plates to edge of disc, where it
forks becoming broadly Y-shaped; in 1 interradius
branches of the Y encompass the madreporite, in the
other 4 interradii, sutures terminate in a conspicuous
primary plate. All abactinal plates with dusting of fine,
well-spaced, rounded granules.

Papulae conspicuous radially, 1 at each corner of
carinal plates and present between plates bordering
carinals; papulae absent from disc centre and inter-
radially.

Only 1 pedicellaria on an inferomarginal plate inter
radially; small, straight, bivalved, and near actinal
surface.

Madreporite, slightly nearer disccentre,small, round,
deeply and evenly dissected. It lies at “head” of mid-
interradial suture or gutter, as described above.

Anus, almost central on disc, between 4 gently tumid
plates, surrounded by enlarged granules or small
plates.

Superomar ginal plates conspicuous, forming well-
defined edge to disc and arms; tumid with scattered
round granules and no enlarged spines.

Inferomarginals not projecting beyond supero-
marginals, with scattered granules and generally at
least 1, often 2, enlarged granules on free edge of plate,
atleast 1 enlarged granule on distal free edge of infero-
marginals, almost to arm tips.

Actinal areas well defined, plates rather irregular in
shape but forming almost transverse rows, largest
adjacent to adambulacrals. Plates with 1-4 enlarged
central granules, otherwise naked apart from very
occasional tiny infrequent granules.

Adambulacral plates distinct, forming well-ordered
edge tofurrow, rectangular, long edge to furrow. Plates
separated laterally by distinct membranous areas; 5,
sometimes 6, furrow spines, anteriormost and posterior
spines often very small; spines united in membrane
for about one-quarter their length. Generally 2, some-
times 3, round-headed granules (very short spines) on
outer actinal edge of plate. Towards arm tip, 1 con-
spicuous subambulacral spine, as long as or longer than
furrow spines.

Oral plates tumid, very regular with 7 or 8 con-
spicuous well-separated furrow spines, anteriormost
2 spines overhanging mouth, largest; all spines united
basally by membrane; 2 or 3 enlarged granules acti-
nally, small granules also, generally parallel to furrow.

Adambulacral grooves deep, narrow; tubefeet obscured
by adambulacral furrow spines.



Anthenoides epixanthus (Fisher, 1906) (Pl 2, Fig. 5)

Antheniaster epixanthus Fisher, 1906: 1067, pls 20(3), 26(1, 1a-
),29(1, 2),49(1).

Anthenoides epixanthus: Fisher 1919: 328; Hayashi 1952: 152,
pl 8(10, 11); Yulin & A.M. Clark 1989: 39; A M. Clark
1993: 242.

MATERIAL EXAMINED: NZOI Stn Z2369 (1).
Size: R/r=56/24 mm.

DistriBuTioN: In New Zealand known only from the
Bay of Plenty, North Island; elsewhere from Hawaii,
Japan, and recently New South Wales, Australia.

DertH: 100-488 m.

Descrirtion:  The only specimen recorded from New
Zealand waters (Stn Z22369) is described, R/r = 56/
24 mm.

Disc more or less flat, gently raised along midline
of arms; arms upturned, flattened dorsoventrally, only
1 arm tip intact; interbrachial arcs widely and evenly
rounded; single remaining arm tip protected by more
or less pentagonal apical (terminal) plate studded by
minute glassy bosses, with possibly 2 apical spines.

Abactinal plates distinct, despite enveloping mem-
brane, until near arm tips; last 3 or 4 superomarginal
plates more or less in contact although with occasional
small abactinal plates sandwiched between them.
Carinal plates large, regular, rectangular to hexagonal,
particularly obvious and maximum size at beginning
of arms. On disc, plates irregular in shape and distri-
bution, often almost round or oval, separated by simi-
larly shaped, smaller plates. Interradially, plates close-
fitting, often rectangular, distinctive; near supero-
marginals plates smaller, rather brick-like; no papulae.
All abactinal plates with dusting of small, well-spaced
round granules, few towards arm tips, indistinct,
possibly duetowear and handling of specimen. Radial
midrow of plates, carinals, conspicuous; plates flanked
by rows of smaller round or oval secondary plates;
generally 2 small plates correspond to 1 radial plate,
these secondary plates obvious from near disc centre
to where arm narrows. Outside small secondary plates,
3 or 4 rows of rectangular or hexagonal plates; near
superomarginals, plates narrow, rectangular, crowded.
No abactinal paxillae.

Papulae especially obvious along midline of arms,
few, scattered, tiny, at disc centre; outer disc plates with
very small papulae, generally 2 to a plate. Further along
arms, papulae distinct, at beginning of carinal series 6,
even 7, at plate corners, towards arm tips, only 4.

Plate 2. Anthenoides expianthus (Fisher). *.ZOI Stn Z2369. R/t - 56/24 mm. Abactinal and actinal surfaces.
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Fig.5. Anthenoides epixanthus (Fisher). A. Abactinal plates near entrance to arm, both carinal and superomarginal plates are
stippled. B. Arm tip. Note small glassy bosses on terminal plate. C. Oral plates and adjacent adambulacral and actinal plates.

Note the absence of pedicellariae.

Papulae distinct for about half arm length; absent from
triangular interradial area.

Pedicellariae not seen.

Madreporite interradial near disc centre, raised,
tumid, almost circular, well defined, with narrow, very
regular striations meeting centrally. Madreporite
bordered by 6 or 7 crescent-shaped plates. Granules
on plates immediately adjacent to madreporite slightly
larger, more conspicuous, forming a distinct edge to
madreporite.

Anus distinct, almost central on disc, guarded by 8
or 9 short, round-tipped, sturdy, conspicuous, flattened
spines.

Superomarginal plates, 20 from midinterradial angle
to arm tip; superomarginals distinct, regular, rect-
angular, narrow edgeto disc; plates well defined; edge
adjacent to abactinal plates rounded, distinct. Plates
with well-spaced tiny round granules similar to those
of abactinal plates; absent or very few on last 5 or 6
superomarginal plates; near inferomarginals however
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granules more obvious, distinctly larger, rounded.
Distinct, shallow circular depressions remain when
granules removed. No spines.

Inferomarginals larger, corresponding with supero-
marginals, forming a veryregularraised edge to actinal
surface; plates distinctly wedge-shaped with broad
edge to actinal plates. Plates with fine dusting of tiny
well-spaced granules; on outer edge near supero-
marginals, granules larger, round-headed (almost short
spines), closer together; these enlarged granules most
obvious on first 5, sometimes 6, inferomarginal plates
on either side of midinterradius.

Actinal areas triangular, distinct, extending to 5th
or 6th inferomarginal plate on either side of midline,
forming a close, rather irregular cover; plates adjacent
to adambulacrals conspicuous, likewise 2 plates im-
mediately adjacent to oral plates large, almost fan-
shaped; other plates rectangular to almost square,
becoming smaller, almost oval at level of 5th infero-
marginal (10th adambulacral) plate. Plates with small,




rounded granules, well spaced, occasionally 1 or
several central granules larger. Plates bordering
adambulacrals with as many as 5 enlarged central
granules. No pedicellariae.

Adambulacral plates well defined, regularly rect-
angular; well separated laterally from one another by
a conspicuous membranous area or path. Each plate
has a weakly convex furrow margin with 8, or distally
9, conspicuous furrow spines, united basally (for less
than half their length) by a membrane; anteriormost
and posterior spines distinctly shorter. Subambulacral
armature well separated from furrow spines, sparse,
generally a single row of 2-4 small, raised, rounded
granules, very small, irregular, and just visible, or
further out along arms distinctly spine-like with only 1
or 2 spines or granules; remainder of platenaked. Small
granules often on membranous areas between plates.

Oral plates well defined, tumid, bordered by 12 or
13 furrow spines, webbed basally, compressed later-
ally and standing narrow edge to plate and furrow;
anteriormost 2 spines large, flat, leaf-like, well spaced;
2 plates in an angle separated medianly and anteriorly
by a distinct membranous area; suboral granules
sparse, well separated, of varying sizes; on 1 oral plate
3 distinct, short, round-headed spines bordering mem-
branous area between 2 plates. Where plates are
rounded, 2 plates in an angle well separated actinally.
Smallest furrow spine, near first adambulacral plates
often inset from margin.

Ambulacral grooves deep, narrow, tubefeet biserial
with distinct sucking discs.

CoLour: No colour notes of living material, dried (ex
ethanol) colour is light to darker brown; midradially,
actinal plates and some marginals white. Actinal
surface white or pale brown.

Remarks: The present single specimen agrees reason-
ably well with Fisher’s (1906) type description of a
specimen from Hawaiian waters. Fisher (1906: 1068)
recorded more numerous (six to eight) subambulacral
granules; there are seldom more than three or four in
the present specimen but they are, obviously, easily lost.
In the present specimen distally (last quarter or less) of
arm subambulacral granules become enlarged to form
distinct and obvious spines; Fisher recorded this also.
The present specimen has no subambulacral pedicel-
lariae; Fisher illustrated pedicellariae but remarked
(1906: 1069) that it is a very variable character; he also
recorded six to eight adambulacral furrow spines; in
the present specimen there are eight or nine. Fisher
noted 11 oral furrow spines in his material; in the
present and smaller specimen there are 12 and 13.
Hayashi (1952) described two small sea-stars from near
Seto, Japan; he considered these to be voung slender-
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rayed forms of A. epixanthus. Yulin and A.M. Clark
(1989: 39) compared A. epixanthus with their new
species A. laevigatus; they described the carinal series
in A. epixanthus as not being “clearly distinguishable”
(1989: 39). Carinal plates are certainly very obvious in
the present specimen; Yulin and A.M. Clark also
questioned (1989: 41) whether Hayashi’s specimens of
A. epixanthus are correctly identified, suggesting that
they may belong to their second new species, Anthe-
noides tenuis.

Anthenoides granulosus and A. epixanthus are very
similar, especially in the number of adambulacral and
oral furrow spines; whether the presence or absence of
abactinal pedicellariae (and this is a very variable
character anyway) and differences in the armature of
the abactinal plates is sufficient to warrant two species,
is debatable. Unfortunately, there is only a single speci-
men of A. epixanthus in the present collections; it was
not dissected. Examination of more material suggests
that there is a strong possibility that both A. epixanthus
and A. granulosus may eventually be recognised as
synonyms of A. cristatus.

Anthenoides granulosus Fisher, 1913 (Pl 3, Fig. 6)

Anthenoides granulosus Fisher, 1913: 647; 1919: 333, pls 88(2,
3),94(4, 4a, b); Fell 1958: 12, pl. 1(B); 1959: 135; Baker &
H.E.S. Clark 1970: 4, AM. Clark 1993: 242.

Anthienoides rugulosus Fisher, 1913: 648; 1919: 338, pls 85(4),
88(4), 90(1), 94(5, 5a,b); Rowe 1989: 289; Rowe & Gates
1995: 63; AM. Clark 1993: 242 [new synonymy].

MATERIAL EXAMINED:

NZOIStns F914(1), 124(1), I351(3),K804(5), P40(3), 21926
(1), Z2363(1), Z22366(1), Z8994(1), Z9001(1), Z9003(9), Z9005
(1), Z9011(1), Z9020(1), Z9022(1), KAH9401 /2(1).

NMNZ:Bay of Islands: Ech.851(2), 1680(1); Bay of Plenty:
Ech. 727(1), 738(3), 1598(2), 1603(2), 5318(3), 6492(1), 7381
(3), 7391(1), 7392(1), 7393(3); near Great Barrier Island: Ech.
1014(1); Mernoo Bank, Chatham Rise: Ech. 7422(1).

Size: R varies between 150 and 16 mm; r from 65 to
5mm; average R/r for 16 specimens, 83/39 mm
(measurements are often very difficult as specimens
are dried with upturned arms, or, as in the case of the
largest specimens, with a contorted disc).

DistriBUTION: Philippine Islands, Moluccas, New South
Wales, Australia, Norfolk Island, near Raoul Island,
Kermadecs, and northern New Zealand.

Derru: 143-731 m.

DescrirTioN: Description is of specimen from NZOI Stn
F914, R/r =95/44 mm.



Plate 3. Anthenoides granulosus Fisher. NZOI Stn F914. R/r =95/ 44 mm. Abactinal and actinal surfaces.

Disclarge, very distinct, more or less flat except for
gently inflated carinal areas. Arms short in relation to
broad disc; interbrachial arcs wide, well rounded. Arm
tips protected by small, almost pentagonal plates, with
generally 2 (in one case 3) small, short, blunt-tipped
spines; 3 arm tips broken.

Abactinal surface covered by membrane; plate
outlines rather indistinct, arrangement of plates best
seen with naked eye. Carinal series of rectangular
plates conspicuous from near centre of disc to last
quarter of arms; last 5-7 superomarginal plates, from
opposite sides of arm, in contact; series flanked by
small, rather inconspicuous square, oval, round, secon-
dary plates, present for about two-thirds R. Plates on
either side of secondary series extend in regular rows
to superomarginals, and more or less hexagonal. Plates
with an even covering of spaced, finely thorny, short
spines or granules, with short, scattered, upright,
straight, white pedicellariae, most conspicuous near disc
margins and on papular areas; towards arm tips pedi-
cellariae few,seldommorethan1toaplate. Interradial
areas conspicuous, almost mitre-shaped with narrow
strip bordering superomarginal plates for almost half
arm length; these plates square to rectangular, very
compact, with an occasional pedicellaria; no papulae.
Plates very regularly arranged in longitudinal rows
with granules similar to those already described.
Distinct conspicuous channels (shallow, naked, mem-
branous gutters), run from edge of each superomarginal
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plate towards disc; most conspicuous near marginal
plates.

Papulae conspicuous; papular areas form hastate
area on arms and disc, with sharp point obvious near
arm tips. Carinaland other radial plates with generally
6 (occasionally 7 or 8) conspicuous lateral papulae;
small secondary plates with seldom more than 2 or 3
papulae; papulae present on disc, but absent from
circular area surrounding anus at disc centre, and
absent interradially.

Pedicellariae, already described, mostobviousalong
arm edges; conspicuously white against dark brown
or gold-brown plates. At the base of each pedicellaria
often a shallow membranous rectangular pit or trough.

Madreporite interradial and near disc centre, more
or less oval, pit or trough present, not particularly
raised, slightly angular, well defined, finely dissected,
with ridges meeting centrally. A distinct hole at 1 edge,
opening to a short channel at a steep angle under
madreporite; plates immediately surrounding
madrep-orite not particularly conspicuous.

Anus central on disc, conspicuous, surrounded by
a number of blunt-tipped spines; the 7 or 8 surrounding
plates round, gently raised.

Superomar ginal plates forming a well-defined and
veryregularedge to disc and arms; 50 superomarginal
plates in an interbrachial arc; plates rectangular, narrow
edge to abactinal plates. Plates with small, regularly
spaced granules, finely thorny, largest centrally, and
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Fig. 6. Anthenoides granulosus Fisher. A. Ambulacrals and associated plates towards arm tip. B. Madreporite near disc
centre. Note the curious “hole” in madreporite, and absence of papulae interradially. C. Oral angle with adambulacral and
actinal plates. Note the straight pedicellariae. D. Abactinal plates and anus near disc centre. Note the spines surrounding the
anus.

enveloped in membrane; no enlarged spines, no pedi- and forming a conspicuously wide border actinally.
cellariae. Inferomarginals with spaced granules similar to those

Inferomar ginal plates corresponding with supero- of superomarginal plates; however, on free edge of
marginals, projecting beyond them to form a definite plate (ventrolaterally) granules or short spines are
edge to disc and arms, longer than superomarginals conspicuously enlarged forming almost straight rows.
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On actinal surface of plates granules abruptly smaller,
well spaced, more or less irregular in distribution and
similar to granules of actinal plates. Distinct narrow
channels or gutters separate plates actinally.

Actinal areas triangular, a well-defined row of more
or less pentagonal or rectangular plates bordering
adambulacral plates; elsewhere plates irregular in
shape and size, forming a close mosaic, covered by a
thin membrane; actinal plates present for about half
arm length. Plates slightly tumid, with a number of
small, well-spaced granules surrounding 2-10 spaced
larger granules. Marginally on plates a narrow area
free of granules, enhancing plate outline. No pedi-
cellariae or enlarged spines on these central plates;
occasional small, upright, bivalved straight pedi-
cellariae on actinal plates near oral plates.

Adambulacral plates forming very regular edge to
furrow, rectangular, edge bordering furrow gently
convex; plates well separated laterally from one
another by distinct muscular areas. Furrow spines 6,
7,8, occasionally 9; a large (as long as a furrow spine)
conspicuous straight pedicellaria proximally on plate,
sometimes in a small indentation on lateral edge of
plate; occasionally pedicellariae seem to occupy mem-
branous space between plates. A distinct channel or
space between furrow and subambulacral spines;
subambulacral spines 3, 4, sometimes 5, broken here
but probably distinctly longer than furrow spines;
several small granules on actinal surface of plate.
Furrow spines webbed for first quarter of length;
towards armtips at least 1 conspicuous enlarged sub-
ambulacral spine.

Oral plates large, tumid, well separated by mem-
branous areas from adjacent adambulacral and actinal
plates; 2 plates in an angle also well separated by mem-
branous area. Furrow spines 12 or 13, webbed for first
quarter of length, almost petal-like with narrow edge
to furrow, and well spaced. Suboral armature of short
granules or spines, and, also, well separated from fur-
row spines, 2 or 3 tall, straight conspicuous pedicel-
lariae. Membranous areas between plates with scat-
tered small granules.

Ambulacral grooves narrow proximally, broadening
centrally, narrow distally; tubefeet biserial with small
sucking discs.

CoLour: Dried specimens (ex ethanol) generally golden
or lightbrown with papulae dark and conspicuous. In
some specimens, papulae were not conspicuously
darker.

Remarks: Fisher (1919: 338) noted the differences
between Anthenoides granulosus and Anthenoides rugu-
losus. In the present material the ray length differs
considerably; in smaller specimens the rays appear

2

longer and more slender; likewise, although in most
of the present specimens the abactinal granulation is
fairly uniform, there are, nevertheless, enlarged
granules, generally central, here and there. The form
of the straight pedicellariae also varies as does the
frequency; it seems likely therefore that A. rugulosus is
asynonym of A. granulosus. The armature of the adam-
bulacral and oral plates is very similar in both species;
also the presence of secondary abactinal plates, which
occur on either side of the carinal series for some
distance along the arms. The presence of conspicuous
straight bivalved pedicellariae on oral plates behind
furrow spines is variable, pedicellariae are present in
some specimens and not in others from the same
station.

The specimen described (NZOI Stn F914) was dis-
sected: superambulacral plates absent, and ampullae
of tubefeet double; interradial septamembranous, tough,
partial septa are similar to those already described for
A. cristatus; these partial septa, in A. granulosus, are long
and reach to the row of plates bordering ambulacrals.
Oral plates, seen from the coelomicside, are interesting;
they are strong and long (in A. cristatus the oral plates
seen from the coelomic side are small and not par-
ticularly conspicuous). Gonads interradial, as long
clumps of fine, bluntly branching material on either
side of interradial septum, extending from near disc
centre almost to superomarginal plates; no sign of
gonads along arms. Pyloric caecae are present for half
arm length; papulae very obvious in clusters around
plates, distinctly fewer near arm tips. Abactinal plates
covered by thick, heavy membrane making outlines
difficult to see, but there is certainly a single,
conspicuous carinal series of plates, less obvious near
armtip; carinal plates flanked by a row of small round,
oval, irregularly shaped secondary plates for about half
arm length. Abactinal plates, round to oval, close-fitting,
and papulae distinct between them. Actinally, from the
coelomicside, plates irregular in shape and size except
for a conspicuous row of rectangular brick-like plates
bordering the ambulacral plates.

Two small specimens (NZOI Stn P40)R/r =24/9,
22/8 mm are described briefly —

Arms flat, disc inflated centrally; interbrachial arcs
wide, regularly rounded; marginal plates forming
conspicuous edge to disc and arms, inferomarginals
not obviously projecting interradially beyond supero-
marginals; 22-24 superomarginal plates between arm
tip and arm tip in an interbrachial angle. Arm tips
protected by pentagonal plates, at least 2 enlarged
terminal spines, although mostly broken in these
specimens; last5 or 6 marginal plates in contact mid-
radially.



Abactinal plates regularly arranged, enveloping
membrane thin, inconspicuous, with distinct plate
outlines. Carinal series of hexagonal plates obvious
from near disc centre along arms to meet supero-
marginals from opposite sides of arm. ™o obvious
secondary plates on either side of carinals; generally a
row of 2 or 3 large plates, as large as, or slightly larger
than, carinal plates, on either side of series. Plates
immediately adjacent to superomarginals generally
small, rectangular, regular.

Abactinal plates with small, fine, widely spaced
granules, none obviously enlarged. Inboth specimens,
in most interradii, a distinct line (gutter) running from
midinterradius to disc centre.

Papulae very distinct, especially near carinal plates
and for short distance into arm. No papulae on disc
centre. Interradial areas without papulae, plates very
regularly and closely arranged.

No obvious pedicellariae.

Madreporite small, oval, interradial, rather coarsely
dissected.

Anus more or less central on disc and protected by
short spines or enlarged granules, surrounding 5 plates,
distinct.

Superomar ginal plates smooth, with occasional tiny
granules, no enlarged spines.

Inferomarginal plates corresponding with supero-
marginals forming a distinctly bevelled edge to actinal
surface; plates with tiny granules, especially obvious
near margins.

Actinal areas triangular, a conspicuous row of rect-
angular plates bordering adambulacrals; fine scattered
granules on plates and occasionally, centrally, 1
enlarged granule.

Adambulacral plates forming regular edge to furrow;
conspicuously convex at base of furrow spines; 5 or 6
furrow spines, webbed for half or less than half their
length, anteriormost spine often distinctly shorter.
Often 1 or 2 enlarged subambulacral granules, not
conspicuous, on actinal edge of plate.

Oral plateslarge, conspicuous, tumid; widely sepa-
rated near actinal plates and from centre of plates to
anterior furrow spines; 7 (on one plate, 8) oral furrow
spines, anteriormost 2 spines longer, spines webbed
basally. Occasional suboral enlarged granules,
generally at apex of plate on either side.

Tubefeet biserial, with suckers; narrow grooves.

Both these young specimens are white with
distinctly darker papular pores.

Calliaster Gray, 1840

Arms 5, tapering evenly to blunt tips. Disc large,
interradii well rounded, sweeping. Abactinal surface
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slightly raised, actinal surface flat. Abactinal plates
round, rectangular, oval, with fringe of small, generally
rectangular, flat-topped granules; a distinct carinal
series of plates present, these often tumid, with large
spines. Secondary small abactinal plates most obvious
at disc centre, generally lacking spines. Marginal plates
large, massive, smooth, often with spines or tubercles
and fringed by small, generally rectangular granules.
Actinal plates, often slightly raised, rectangular or
irregular in shape, often with a large central spine or a
small straight upright pedicellaria, the latter having a
distinct pit scar. Adambulacral plates with regular
fringe of furrow spines; subambulacral spines 1, 2,
occasionally 3, in row at right angles to furrow spines.
Oral plates elongate-triangular, almost diamond-
shaped, with 4-7 furrow spines, suboral spines
generally 1 or 2. Papulae restricted to abactinal sur-
face, absent near arm tips and interradially; no mar-
ginal or actinal papulae. Pedicellariae often on abac-
tinal and actinal plates and occasionally marginal
plates.

Tyre Species: Calliaster childreni Gray, 1840.
Tyee LocaLiTy: Japan.

ReMARKS: Aziz and Jangoux (1985: 585) cited Calliaster
as a “well defined genus, whose validity was never
questioned by subsequent authors”. They remarked on
the close affinity of Calliaster to Hippasteria and
discussed the differences, remarking also on similar-
ities with Milteliphaster Alcock, Astrothauma Fisher, and
Mabahissaster Macan. A.M. Clark (1993: 246) listed 11
species of Calliaster, four from the Indian Ocean and
the others from the Pacific, between 23 and 494 m.

Rowe and Gates (1995: 64) recorded Calliaster
childreni Gray from Western Australia and the tropical
western Pacific (China and Japan) in 121-292 m, and
Calliaster erucaradiatus Livingstone from the type
locality, the southeast coast of New South Wales, in
90 m. Two further specimens of C. erucaradiatus, also
from the coast of New South Wales, are described here.
They were identified by Dr F.W.E. Rowe in 1986.
Although they come just outside the geographical
range of the present paper they are included for
comparison. A new species, C. thompsonae from the Bay
of Plenty area, is also described; it is the first record of
Calliaster from New Zealand waters. Rowe and Gates
(1995) included Mabahissaster Macan (1938) as a
synonym of Calliaster and both C. spinosus H.L. Clark
and C. regenerator Doderlein were referred to Milteli-
phaster (Alcock (1893). The genus is also known from
South Africa, with C. acanthodes H.L. Clark and C.
baccatus Sladen.



KEeY TO AUSTRALASIAN SPECIES OF CALLIASTER

1(2) Arms long, slender; superomarginal plates from
opposite sides of arms separate for at least half arm
length
thompsonae n.sp.

2(1) Arms short, stout; superomarginal plates from opposite
sides of arms meeting near arm base erucaradiatus

Calliaster thompsonae n.sp. (Pl 4, Fig. 7)

MATERIAL EXAMINED:

NZOI Stn Z10578(1). Label: “Bay of Plenty per Dave,
Seamount Explorer”. There are no coordinates as to where
the specimen came from; however, it is from New Zealand
waters.

Size: All arm tips broken. R/r = approx. 82, 83/24,
25 mm.

DisTrIBUTION: Bay of Plenty, New Zealand.
DerTH: No depth recorded.

DESCRIPTION:

Disc large, distinct, more or less flat; arms 5, sturdy,
rapidly and evenly tapering, all arm tips broken, no
terminal plates or spines. Interbrachial arcs wide,
sweeping, gently and evenly rounded. Disc well
covered with long, slender, tapering, conspicuous,
whitespines;tumid superomar ginal plates forming very
definite edge to disc and arms.

Abactinal plates comprising large, tumid primary
plates and small, distinctly more flattened secondary
plates as a close cover on disc and proximally on arms.
Abactinal plates round, oval, sometimes rectangular
(especially along arms), naked and fringed by at least
1 row of small, generally rectangular granules. Large
primary plates very tumid, each withsingle, generally
central, large, sturdy, white, gradually tapering, round-
tipped spine, each very finely thorny. Enlarged spines
with slight constriction at distinctly rounded base,
usually breaking at this point; these spines forming
avery conspicuous cover centrally ondisc, not present
on arms and absent interradially from plates near
superomarginals. Interradially, abactinal plates very
muchsmaller, flatter, oval, rounded, often rectangular,
with a ring of granules similar to those of larger plates,
forming a very close cover, and are more or less of
similar size. Most interradial plates with shorter, more
slender, white, tapering spine; on some interradial
plates, however, especially near superomarginals a
single, white, well-rounded granule present; very
occasionally 2 such granules well separated, on 1 plate.
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superomarginal plates (from midpoint, interradially)
meet in midline. A quite well defined row of carinal
plates along arms, distinctly tumid, oval, rectangular,
bearing enlarged central spine, becoming smaller,
shorter, distinctly rounded and granule-like along
arms; enlarged granulesand spines may be absent from
distalmost carinal plates in series; plates flanking
carinal series distinctly flatter, enlarged spines very
reduced or absent. A distinct, raised, circular scar
remaining when spines removed from plates. Thelast
1 or 2 plates before superomarginals meeting in mid-
line, slender, tapering, almost pointed; only 1 plate
between superomarginals.

Papulae obvious, membranous, oftenextruded, 4--6
or 7 around each abactinal plate; perhaps less con-
spicuous interradially where plates tending to form
closer cover, but may be absent from row of plates,
immediately adjacent to superomarginals; often 4 of
them found along arms, to point where superomarginal
plates from opposite sides meet.

Pedicellariae small, straight, white, spatulate, especi-
ally abactinally on some interradial plates, generally
shallow depression left when pedicellariae removed;
no obvious holes abactinally. Pedicellariae with short
broad-based trunk expanding into rounded, shell-like
valve or blade, the valves very thin. Actinal pedicel-
lariae more numerous, especially on proximal plates
bordering adambulacrals and on proximal adambu-
lacral plates. Actinal pedicellariae leaving very distinct,
generally rectangular or sometimes square pit when
lost. No pedicellariae seen on marginal plates.

Madreporite interradial, very near disc centre; small,
almost triangular, well raised with worn edges, deeply,
finely, and irregularly dissected; bordered by 4 well-
defined round oroval, tumid abactinal plates, 3 bearing
remains of long spines, 4th plate with single, shorter,
more slender spine and, near madreporite, a small,
straight, spatulate pedicellaria. Plate with pedicellaria
slightly separated from madreporite, a distinct con-
tinuous fringe of rectangular granules at base. Other 3
plates with longer spines and no pedicellariae, a rigid
and steep boundary with madreporite, no fringing
granules.

Anus not obvious.

Superomarginal plates conspicuous, large, tumid,
forming a very definite edge to disc and arms; plates
rectangular with narrow edge to disc centre and
inferomarginals, fringed by single row of very even
rectangular, flat-topped granules. Each plate with 2,
proximally on first 2 or 3 plates, interradially 3, enlarged
spines similar to, but thicker and longer than, enlarged
spines of adjoining abactinal plates; enlarged spines
well separated on plate, 1 spine near abactinal plates,
other near inferomarginals. Where 2 spines present
interradially, a third spine, smaller, less robust, dis-



Plate 4. Calliaster thompsonae n.sp. Holotype. NZOI Stn Z10578. R/ r = approx. 82, 83/24, 25 mm. Abactinal and actinal
surfaces.

tinctly shorter, just above lower of 2 big spines. Small,
round granules very short; thick spinelets (1 or 2) on
plates near base of lower enlarged spines, most obvious
interradially. Distally along arms, occasional supero-
marginal plates with 1 spine only near inferomarginals.
Upper edge of superomarginal plates adjacent to abac-
tinal plates fringed by granules, evenly rounded; like-
wise along arms, with slight irregularities.
Inferomarginal plates corresponding with supero-
marginals, not very obvious from abactinal surface,
slightly less tumid than superomarginals; plates bor
dered by regular rectangular granules similar to those
of superomarginals, and gently rounded on actinal
edge. About half of each plate on actinal surface, other
half on arm edge. Interradially, inferomarginal plates
with 5 (sometimes 6) enlarged spinesalong plate centre
in longitudinal row; many spines lacking, conspicu-
ous scars remaining. Inferomarginal spines very similar
to superomarginals, perhaps slightly longer, forming
somewhat zig-zag vertical row on plates; a distinct clear
area between enlarged spines and actinal surface.
Spines adjacent to superomarginal plates probably
largest, with very tumid base, resulting in curiously
scalloped edge to lower surface of arms. Most enlarged
inferomarginal spines missing from this specimen;
further out along arm, spines fewer, seldom more than
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2 or 3 per plate. Plates naked except for enlarged spines
and fringing granules. Most spine scars on plates of
similarsize, occasionally 1 may be considerably smaller.
No pedicellariae on either supero- or inferomarginal
plates; a distinct clear area between enlarged spines
on inferomarginal plates and actinal plates.

Actinal areas conspicuous, triangular, actinal plates
extending to 4th or 5th inferomarginal plates (from
interradial angle); from there, inferomarginal plates
and adambulacrals in contact. Actinal plates regularly
arranged, gently tumid, with 1, occasionally 2, enlarged
spines near lower (inferomarginal) edge of plate; in
most cases spines lost, araised, round, irregular stump
remaining. In only 1 interradius, 2 enlarged spines
attached to plates, sturdy, round, tapering, very similar
to abactinal and superomarginal enlarged spines.
Sometimes, especially near oral plates, a single small,
very short spine or rounded granule, generally only 1,
occasionally 2 or 3, even 4 in cluster at spine base. A
conspicuous, single, almost heart-shaped actinal plate
atbase of oral plates, with singlelarge spine and several
small granules; on at least 1 plate, a small, distinct,
rectangular pit, suggesting presence of pedicellaria.
Similar pits on some actinal plates bordering adam-
bulacrals. Near inferomarginals, actinal plates small,
less regular in shape, most plates with 1 large spine
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Fig. 7. Calliaster thompsonae nsp. Holotype. A. Actinal, adambulacral, and oral plates with unpaired actinal plates. B.
Abactinal view of arm. C. Madreporite and surrounding abactinal plates, spines, and pedicellariae.
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spine at one time, obvious scars remaining. On some
actinal plates several rows or partial rows of fringing
granules. Triangular shape of actinal areas very
distinct, well bordered by conspicuous adambulacral
and inferomarginal plates.

Adambulacral plates distinct, well ordered, rect-
angular, with narrow edge to furrow and actinal plates,
forming distinctly raised edge to furrow. Adambulacral
plates fringed by small granules similar to those fring-
ing actinal plates; on some plates, adjacent to actinals
2, even 3, often well-spaced rows of small granules.
Each adambulacral plate with furrow series of generally
6 or 7 (occasionally 8) slender, round-tipped spines,
these somewhat compressed, with narrow edge border-
ing ambulacral grooves and adambulacral plates;
distalmost and proximal furrow spines often very
small. Most furrow spines withbroad base, lining well-
rounded free edge of adambulacral plates. Plates often
meeting with neighbouring plates from across furrow,
obscuring ambulacral grooves. On several proximal
adambulacral plates, a distinct, rectangular, deep pedi-
cellarian pit near furrow spines, no actual pedicellariae
seen. Most subambulacral spines broken, but 1 or 2
spines still entire, surprisingly long, stretching across
about 2 adjacent actinal plates. Distally along arms,
scars of 2 enlarged subambulacral spines still present,
on most plates forming a slanting row, the upper spine
very close to furrow spines. Very occasionally, 3
subambulacral spine scars per plate. Actinal plates
between adambulacral and inferomarginal plates to
level of 4th or 5th inferomarginal plate from mid-
interradial angle. Distally along arms, only 5 or 6 adam-
bulacral furrow spines, small, free edge of adam-
bulacral plates quite conspicuously rounded. Towards
arm tips, adambulacral plates meeting with neigh-
bouring plates from across furrow.

Oral plates damaged, almost obscured by protruding
stomach; attempts to free oral plates not successful.
Oral plates near actinaland adambulacral plates, rather
small, almost triangular, 2 plates in an angle well sepa-
rated by regular, rather narrow, sunken membranous
area. Oral furrow spines short, untapering, almost flat-
tipped, similar to adambulacral furrow spines, distinct
granules along plate edges and on plates where oral
plates bordering adambulacral and actinal plates.
Overhanging mouth oral plates appearing expanded
and distinctly rounded, oral furrow spines longer,
sturdier. Granules (or short spines) anteriorly, where
plate more rounded and overhanging mouth. Each oral
plate with at least 1 large, sturdy, tapering spine; all
spines broken here but were obviously large and
conspicuous; possibly 2 enlarged spines per plate.In 1
angle only, at tip of plates overhanging mouth, a very
large, apparently single spine almost emerging betwween
2 plates in an angle — possiblv represents an unpaired
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oral spine.

Ambulacral grooves tightly closed in 2 arms, in other
arms grooves more or less open for short distance
behind oral plates; owing to damage, tubefeet difficult
to see; some emerging near tips of several arms between
adambulacral plates, long, slender, probably in 2 rows,
with distinct, narrow-edged conspicuous sucker.

Corour: No colour notes are recorded for living
specimens. In preservative and dried, the specimen is
light brown, with darker scars; all enlarged spines are
white.

EtvmoLoGy: This new species is named for Rose-Marie
Thompson of NIWA. Without her help and encourage-
ment much would be left undone.

Tyre LocaLiTy: No coordinates can be given to identify
the station positon; the specimen was taken in the Bay
of Plenty area.

Tyres: Holotype H-752 in the NIWA collection at
Wellington.

Remarks: Calliaster thompsonae is very similar to C.
acanthodes H.L. Clark from southern Africa in 130-
411 m. Probably the most obvious and striking dif-
ference between the two species is in the junction of
the superomarginal plates; in C. acanthodes abactinal
plates are present between superomarginals for most
of the arm length; in C. thompsonae the eighth supero-
marginal plates (from interradial angle) meet in the
midline. In C. acanthodes, inferomarginal plates have
two to five spines and pedicellariae; in C. thompsonae
there are sometimes six enlarged inferomarginal spines
but no inferomarginal pedicellariae were seen. Calliaster
acanthodes also has superomarginal pedicellariae, not
seen in C. thompsonae. The armature of adambulacral
plates in both species is similar; in C. acanthodes big
pedicellariae are present on adambulacral plates,
whereasin C. thompsonae no pedicellariae were actually
seen, but distinct pits similar to those left by pedicel-
lariae were present on anterior adambulacral plates.
There are also differences in the oral plates and their
armature, although it is difficult to be sure because of
damage to the oral plates in C. thompsonae.

The holotype of C. acanthodes from Cape St Francis,
South Africain 137 m, is large, R/r=79/27 mm; in the
present specimen of C. thompsonae (arm tips broken),
R/ris approximately 82, 83/25, 25 mm. This is the first
record of the genus from New Zealand waters, al-
though C. erucaradiatus occurs just outside the geo-
graphical range of the present paper. It is described
here for comparison, based on specimens in the NIWA
(NZOI)collection. Essential differences are given in the



key. Rowe and Gates (1995) included in the genus
Calliaster childreni Gray from Western Australia; &
spinosus from southeastern Australia and the Philippine
Islands is moved to Milteliphaster Alcock.

Calliaster erucaradiatus Livingstone, 1936
(P1. 5, Fig. 8)

Calliastererucaradiatus Livingstone, 1936:383, pl. 27, 1-5; H.L.
Clark1946:87; AM.Clark 1993:246; Rowe & Gates 1995;
64.

M ATERIAL EXAMINED:
NZOI Stns: P845(1), Q45(1) (both specimens identified
by Dr F.W E. Rowe in 1986).

Size: Q45:R/r =235/9 mm; P845: R/r =42/16 mm.

DistriBUTION: Rowe and Gates (1995: 64) recorded this
species in 90 m off Crowdy Head, New South Wales,
the type locality. The two present specimens are also
from near the coast of New South Wales from the
Taupo Seamount.

DEPTH: 90-153 m.

DescriptioN: The larger of the two specimens (NZOI
P845) from the summit of Taupo Seamount, 140 m, is
described.

Disc sharply pentagonal, bordered by well-defined,
large, tumid, very regular superomarginal plates.
Interbrachial arcs well and regularly rounded sweep-

ingly. Arms 5, bordered by conspicuous, very regular
superomarginal plates; third superomarginal plates
from interradial midline meeting laterally with no
obvious abactinal plates between for remainder of arm
length. Initially, several small granules in small areas
where plates meet with one another. Arms tapering
evenly to large, distinct terminal plates.

Terminal plates large, sturdy, rectangular to almost
square, each with a short, very sturdy, round, flat-
tipped spine. On 1 terminal plate, 1 enlarged spine,
slightly to one side, and scar; rough area beside it
suggests 2 spines.

Abactinal disc plates oval, almost round or, at base
of large spines, often rectangular; plates either more
or less flat without enlarged central spine, or very dis-
tinctly tumid with enlarged spine; fringed by small,
very regularly rectangular flat-topped granules; plates
otherwise naked. Occasionally 1, sometimes 2 or 3,
small central, round granules per plate, no enlarged
spine; granules generally central, spaced or very close
together. Central, carinal row of plates slightly larger,
more conspicuous along each arm; each distinct, oval,
the proximalmost conspicuous near disc centre,
extraordinarily tumid, withtall sturdy spine. The next
and following plates with short, round spine; the
following 4th plate, before entry to arms, with round,
rather small, flat-topped granule centrally. Generally
3 or 4 small, slender, rather oval plates in single row
before superomarginals from opposites sides meet in
midline. Irregularly rectangular plate central on disc
with 1 upright spine and marginal fringe of small,
rectangular granules; plate surrounded by 8 slightly
irregular rectangular plates, 2 conspicuously smaller,

Plate 5. Calliaster erucaradiatus Livingstone. NZOI Stn P845. R/r = 42/16 mm. Abactinal and actinal surfaces.




triangular, no central spine; 6 larger plates with con-
spicuous, sturdy, round, flat-tipped spine centrally.
Interradially no obviously large spineson plates, some
plates with very short, round spine protruding just
above plate surface, flat-tipped, sturdy. Other plates
interradially with 1-3 flat, round, granules, either well
spaced or touching each other. In 4 interradii a single,
small, upright, straight pedicellaria, generally on a
larger plate, often one with a spine. Pedicellariae small,
straight, upright, with short trunk, the 2 blades round-
tipped, very thin. Abactinal plates paved (under high
magnification) by very regular rows of tiny hyaline
granules, giving plates very regular, slightly brown or
gold, finely shiny appearance.

Papulae present abactinally as small pores at plate
corners, generally 4-6 or 7 around each plate. No
obvious papulae between actinal plates or marginally.

Madreporite small, distinct, well raised, irregularly
round, nearer centre than edge of disc; finely and
deeply striated.

Anus not obvious.

Superomarginal plates large, tumid, smooth, very
obvious, edged by single row of small, rectangular,
very regular flat-topped granules; these sometimes
corre-sponding with those from neighbouring plates;
8 superomarginal plates from interradial angle to arm
tip; distalmost 8th plate very small, almost crescentic;
adjacent to terminal plate. First 2 superomarginal plates
inanangle withsingle conspicuous upright spine rising
very close to abactinal plates; adjacent plates generally
naked (no spines) although 1 plate with very short
spine; small round scar on another plate suggests spine
was present. Third superomarginal plate from inter-
radial angle with conspicuous spine on outer edge,
projecting horizontally outwards, large, round, rapidly
and evenly tapering to rounded tip; 4th supero-
marginal plate without enlarged spine; 5th plate with
conspicuous, long slender spine projecting horizontally
on outer edge; distal superomarginal plates to terminal
plate without enlarged spines.

Inferomarginal plates corresponding with supero-
marginals but smaller and not easily seen from above;
fringed by regular row of small, rectangular granules
similar to those of superomarginals. Most of infero-
marginal plate on actinal surface, slightly smaller than
superomarginal plates. First 2 inferomarginal plates
interradially without spines, tumid, very regular,
precise in outline, distal inferomarginal plates likewise.
Second inferomarginal plate in series with 1 or 2 spines
onouter free edge of plate, following plates often with
only 1 spine. Spines slender, tapering, shorter than
those of superomarginal plates. On last 2 or 3 plates
only 1 enlarged spine; a shallow, round depression
remaining when spine removed. Inferomarginal plates
and spines smaller than superomarginals.
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Actinal areas obvious, with regular plate arrange-
ment. A distinct row of regular rectangular plates bor-
dering adambulacral plates; initially, adjacent to oral
plates and first 1 or 2adambulacral plates, an unpaired
roundly triangular plate; next plates, bordering adam-
bulacrals, rectangular and large. Each plate with single,
tall, slender spine, tapering slightly to flat, often
grooved and worn tip. Actinal plates tumid, smooth
with single enlarged spine and sometimes small,
straight pedicellaria similar to abactinal plate
pedicellariae. Distinct pit or groove left when
pedicellaria removed. All actinal plates edged by rows
of small, rectangular, regular granules similar to those
of other plates. Actinal plates gently raised and regular,
forming distinct V-shaped area actinally.

Adambulacral plates forming close regular edge along
grooves, plates rectangular with tidy fringe of small,
regular, rectangular granules. Furrow spines7-9, small,
slender, tapering, round-tipped; first and last spines
on plate smaller and shorter. Proximally on plate, 2
sturdy, upright, large subambulacral spines; 1 near
furrow spines and second near actinal plates. In last
half or quarter of arms, only 1 enlarged subambulacral
spine, lying immediately behind furrow spines; small,
round, oftenisolated granule sometimes beneath large
spine. Near arm tips fringing granules of adambulacral
plates very small and in distal corner of plate forming
several rows; resulting buildup almost triangular and
obvious. Near arm tip small, single enlarged subam-
bulacral spine on distalmost and uppermost edge of
plate; occasional small bivalved pedicellaria, similar
to those described, near anteriormost furrow spine.

Oral platesdifficultto see as plates meeting centrally
and outlines obscured. Plates gently raised, sharply
diamond-shaped, a narrow, regular membranous area
separating 2 plates in angle. Plates trimmed centrally
on edge bordering adambulacrals by irregular row of
large and small granules similar to those trimming
adambulacral plates, but often conspicuously larger.
Oral furrow spines 5-7, small, round-tipped, rather
flattened, with narrow edge to plate and furrow, 2 or 3
larger spines overhanging mouth. Suboral spines 2,
conspicuous, large, of similar length and size to neigh-
bouring adambulacral and actinal spines, standing one
behind the other and very obvious; proximalmost oral
furrow spines deep inmouth, appearing larger, longer,
sturdier than other oral furrow spines.

Ambulacral grooves tightly closed, notobvious owing
to adambulacral furrow spines meeting with neigh-
bouring spines from opposite side; impossible to see
tubefeet which are are totally obscured.

CoLour: Station register notes, presumably referring
to this specimen (NZOI Stn P845; only one asteroid
recorded) note “one spiny asteroid, grey-purple”. The
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Fig. 8. Calliaster erucaradiatus Livingstone. A. Oral, adambulacral, and actinal plates. Note the unpaired actinal plates. B.
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specimen, now dried, is largely white or cream, with material; the present two specimens have added con-
just a hint of brown on small central disc plates. siderably to our knowledge of the species.

The variation between the two specimens is tabu-
Remarks: Thetype specimen is from off Crowdy Head, lated on the next page. In both specimens the armature
New South Wales, Australia in 90 m and it seems that of oral plates and their outline is difficult to determine,
no other specimens havebeen collected there. The new and ambulacral grooves are hidden by close-meeting
NZOI specimens are from Taupo Seamount in 140— adambulacral plates.

153 m. H.L. Clark (1946: 87) referred only to the type
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NZOI Stn Q45

R/r=25/9 mm

Enlarged abactinal spines

Small straight pedicellariae yes
Spines on interradial superomarginals 2
Spines on terminal arm plate 2
Spines on outer edge of inferomarginals 1, large
Enlarged actinal spines no
Actinal pedicellariae no

Madreporite

It is interesting that Livingstone (1936: 383) recorded
actinal papulae — there are none in the present
specimens. In a recent diagnosis of the genus Calliaster,
Aziz and Jangoux (1985: 585) stated “no marginal or
actinal papulae”. There are similarities between C.
erucaradiatus and C. elegans Doderlein from Flores,
Indonesia, and theMarshallIslands . Livingstone (1936:
384) noted C. elegans as having pedicellariae and low,
wide inferomarginals and there are differences in the
armature of supero- and inferomarginal plates. In the
presentspecimens pedicellariae are present and there
are differences, probably most obvious, in infero-
marginal plates. Possibly, C. erucaradiatus isa synonym
of C. elegans, especially as C. elegans isnow known from
the Marshall Islands (A.H. Clark 1952: 284). Unfortu-
nately, there are no specimens of C. elegans available
to the author for comparison.

Ceramaster Verrill, 1899

Disclarge, arms generally short. Abactinal plates either
tabulate, especially radially, where plates are covered
withgranules(peripheral granules distinct from central
ones) or plates are paxillate. Marginal plates, granulose,
form distinct edge to disc and arms; smallest plates at
arm tip; superomarginal plates generally separate (i.e.,
superomarginal plates, from opposite sides of ray, do
not meet in midline) throughout all or most of ray.
Marginal plates often with a central naked area.
Generally, no secondary abactinal plates; if present,
confined to disc. No superambulacral or internal
radiating ossicles. Actinal interradial areas well
developed, plates with granules. Pedicellariae, 2- or
sometimes 3-valved, on abactinal, marginal, and actinal
plates.

Type SPeCIES: Asterias granularis Retzius, 1783.

Tyre Locaury: “St Croix” (? New Brunswick, Canada)
(see AM. Clark & Downey 1992: 234).

present, small

tumid, nearer disc edge

32

P985
R/r=42/16 mm

most obvious, regular
yes, most obvious

I

1

23

yes

yes
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RemaRrks: A.M. Clark (1993) recorded 17 species of
Ceramaster .

DistriBuTiON: The genus is well represented in the North
Pacific and North Atlantic Oceans. Koehler (1909: 74,
pl. 4[5, 6], pL 9[7], 960 “brasses”) described Pentago-
naster (Philonaster) mortenseni from deep water in the
Bay of Bengal and he remarked on its similarity to Cera-
master. A M. Clark and Downey (1992:231), A.M. Clark
(1993: 247), and Rowe and Gates (1995: 64) included
Philonaster as a synonym of Ceramaster. The present
author, however, believes that the presence of thelarge,
distinctive, unpaired, abactinal plate near the arm tip
(this is possibly unique among asteroids) is grounds
for re-establishing Koehler’s subgenus Philonaster but
at generic level (see p. 97). Ceramaster is not known
from Antarctic waters but is well represented in New
Zealand (3 species) and Rowe and Gates (1995: 65)
recorded Ceramaster patagonicus (Sladen) from Port
Macdonnell, South Australia. AM. Clark and Downey
(1992: 236) regarded Ceramaster patagonicus as a
subspecies of C. grenadensis, C. grenadensis patagonicus.
O’Hara (1998: 179), however, recorded and described
C. patagonicus (Sladen) from Macquarie Island and
included both C. grenadensis patagonicus and C.
lennoxkingi as synonyms of C. patagonicus. I agree with
this and add a new subspecies C. patagonicus australis.

Key T0 NEW ZEALAND SPECIES OF CERAMASTER
1 (4) Outline pentagonal, arms very short.

2 (3) From 1 to 3, occasionally 4, small spatulate, straight
pedicellariae present on superomarginal plates; oral
furrow spines 5--8 (occasionally as many as 9, even 10)
......................... patagonicus patagonicus

3 (2) No pedicellariae on superomarginal plates; oral furrow
spines10or11 ...... patagonicus australis subsp. n.

4 (1) Outline not pentagonal, arms long, slender, distinct
from disc glasbyi



Ceramaster patagonicus patagonicus (Sladen, 1889)
(PL. 6, Fig. 9)

Pentagonaster patagonicus Sladen, 1889: 269, pl. 46, figs 3, 4,
pl. 49, figs 3, 4.

Astrogonium granulare Miiller & Troschel, 1842: 57; ?White-
aves 1886: 117; Fisher 1911a: 214.

Pentagonaster austro-granularis Perrier, 1891: K127, pl. 12, 3a,
3b.

Mediaster patagonicus: Verrill 1899: 184.

Pseudarchaster patagonicus: Verrill 1899: 195.

Ceramaster patagonicus: Fisher 1911: 214, pl. 37, fig. 4, pl. 38,
figs 1, 2, pl. 60, fig. 3; Verrill 1914: 291; Koehler 1923: 94;
Fisher 1940: 118; D’yakonov 1949: 19; 1950: 40, fig. 27
(English translation 1968); Baranova 1957: 161;
Bernasconi 1963a: 8, pl. 1, figs 1, 2, pl. 2, fig. 3; Baranova
& Belyaev 1968: pl. 17, fig. 2; Tommasi 1970: 12, fig. 36;
Lambert 1978: 62; Anderson ef al. 1993: 502; Branch et al.
1993: 44 (illustr.); A.M. Clark 1993: 249; Rowe & Gates
1995: 65; O'Hara 1998: 179, pl. 1d.

Ceramaster lennoxkingi McKnight, 1973a: 178, fig. 4; 1984: 142;
AM. Clark 1993: 249.

Ceramaster grenadensis patagonicus: AM. Clark & Downey
1992: 236, figs 3%, f, pl. 56 E, F.

MATERIAL EXAMINED:

NZOIStns; D85(33), D134(1), D136(1), D137(3)*, D138(4),
D207(1), D211(14), D870(1)*, E401(1), E404(1), E757(1), F90
(1), F95(1), F102(1)*, F104(8), F107(39), F109(3), F120(1), F122
(2), F124(6)*, F135(1), F151(12), G665(1), G666(1), G667(1)*,
G886(2), G887(1), G888(3), G893(1), G894(2), G900(5), G901
(7), G902 (1), G903(5)*, G904(5)*, G905(2), G907(1), G908(1)*,
G913(3)*, G914(1), G916(2), GI17(1)*, 1667(2), 1678(2), 1679(2)*,
1680(1)*, 1683(9), 1686(1)*, 1690(1), 1698(1), 1699(10), 1704(1),
J481(1), J483(1), J484(4), )550(14), S14(1), S16(2), S43(1), S61
(3), S65(1), S68(2), S70(?)*, S72(?)*, S140(1), S142(1), S147(1),
S161(1), S166(1), S215(1), T32(?)*, T52(3)*, T53(1), T65(1),
T71(2), T72 (4)*, T73(3), V375(1), Z8679(1), Z9188(1), Z9194(1),
79302(1), Z9380(1), Z9576(1), Z9611(1).

NMNZ: Auckland Islands: Ech. 1497(1), 2700(3); Bay of
Plenty: Ech. 6507(4); Bounty Plateau and Islands: Ech. 2418
(2), 3437(2), 6885(2); Campbell Island: Ech. 2026(1), 2699(4);
Cape Turnagain: Ech. 4197(1); north of ChathamIslands: Ech.
4634(1), 4635(6); Foveaux Strait: Ech.2386(1),3100(1), 5296(1);
Otago: Ech. 5294(1), 5295(1); Pukaki Rise: Ech. 3434(1), 6568
(2); Snares Islands area: Ech. 2030(1); Stewart Island: Ech.
6516(1).

Aktuba, 4/12/79: Ech. 4633(1).

Eltanin Stns; 1974(1), 2215(8).

Size: R varies between 98 mm and 8 mm, r varies
between 60 mm and 6 mm, R /r averages 52/39 mm.

DisTrIBUTION: Ceramaster p. patagonicus is widely distri-
buted. In the Pacific Ocean it ranges from the Bering
Sea and southern Alaska to British Columbia, the Gulf
of California south to southern Australia and New
Zealand and its outlying islands, including the Bounty
Islands and Macquarie Island. It is also known from
the South Atlantic, from near Cape Horn, the Straits of
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Magellan, Falklands Islands, Falkland Plateau, and
Burdwood Bank, the latter just south of the Falkland
Islands.

Other records are from subantarctic Marion and
Prince Edward Islands in the southern Indian Ocean.
Branch et al. (1993: 44) illustrated a specimen R/r =
68/43 mm from these islands with four large oral
furrow spines. O’Hara(1998: 180) remarked on this; in
allthe New Zealand material examined the oral plates
bear 5-7 or 8, exceptionally in large specimens 10, oral
furrow spines.

In New Zealand waters Ceramaster p. patagonicus is
commonest south of Christchurch; there is one record
from near the Chatham Islands and the most northerly
specimen is from the Bay of Plenty. There are also
records from Cape Turnagain and Cook Strait. One
large specimen (NZOI Stn Z8370) with R /r =98/70 mm
was collected from 45°34‘S, 156°40’ W in 870-900 m,
outside the range of this study.

Deptt: 18-1125 m. Lambert (1978: 62) recorded 18 m
for aspecimen from Barnard Harbour, British Colum-
bia.

DEscrIPTION: A specimen from NZOI Stn F107, R/r =
52/39 mm, is described.

Form pentagonal, thin dorsoventrally, arms very
short, tips gently upturned. Terminal plate conspicuous,
slightly tumid, smooth; plate round, oval or heart-
shaped.

Abactinal surface with spaced, regularly arranged
hexagonal paxillae;interradially shorter, less regularly
arranged, mostly square. Near marginal plates paxillae
rectangular or hexagonal, forming more or less regular
rows. Radial paxillae have a short, thick trunk with a
lobate base, expanding into a more or less round or
slightly angular, sometimes almost hexagonal, head.
Small, quadrate, flat, well-separated granules with
precise, clean-cut margins forming a definite edge to
paxilla; these surround 10-20 flat to gently rounded,
closely adpressed granules. Interradially, paxillae
smaller, shorter, less regularly arranged, peripheral
granules less obvious.

Papulae single, at plate angles, restricted to radial
areas.

Pedicellariae few, small, 2-jawed, spatulate, scat-
tered, both interradially and radially, commonest inter-
radially. Generally only 1 pedicellaria on a plate; pedi-
cellarian valves fit in shallow depressions on plates.

Madreporite 5-sided, gently raised, finely and deeply
dissected, lying near disc centre; adjacent plates
enlarged.

Anus small, interradial, slightly sunken, near disc
centre, surrounded by a number of enlarged granules;
surrounding paxillae also slightly enlarged.



Plate 6. Ceramaster patagonicus patagonicus (Sladen). NZOI Stn F107. R/ r = 52/39 mm. Abactinal and interior (actinal sur-
face) after removal of abactinal “skin”.

Superomarginal plates forming a definite bevelled
edge to disc and arms. Twenty-six superomarginal
plates from arm tip to arm tip, distalmost 1 or 2 plates
from opposite sides of arm meeting in midline. Plates
close-fitting, regular, rather flat; distinct bare rect-
angular area near abactinal plates; naked area bordered
by single row of small, regularly arranged granules;
lower part of plate, below bare area, with close cover-
ing of granules; peripheral granules larger. Pedicel-
lariae, 1-3 occasionally 4 on a plate, small, similar to
those already described, confined to edges of bare
patches and granules laterally between plates.

Inferomarginals lying directly opposite supero-
marginals, platesinboth series similarin size, forming
very distinct edge to actinal surface. Bare patches
considerably smaller than those of superomarginals,
rather irregular in shape, bordered by several rows of
granules. Pedicellariae 1 or 2, near bare areas, similar
to those of superomarginal plates. Naked areas, on both
series of marginal plates, rather flat.

Actinal areas large, triangular, with close paving of
plates, rectangular, distinctly larger adjacent to adam-
bulacrals; central plates smaller, more square. Small,
scattered pedicellariae, especially on plates bordering
adambulacrals; pedicellariae 2-jawed, similar to those
already described. Actinal plates covered with gran-
ules, less regularly arranged and peripheral granules
forming a less distinct margin than on abactinal plates.

Adambulacral plates rectangular to almost square,
with a straight or gently rounded free margin, well
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separated laterally from one another. Furrow spines 3,
4, proximally and distally sometimes 5; spines short,
sturdy, round-tipped, untapering, proximalmost spine
sometimes shorter, set back from plate margin; sub-
ambulacral granules well separated from furrow
spines, close-packed, forming 2 or 3 rows. In last part
of arms, at least 1 subambulacral spine or granule
becoming greatly enlarged and conspicuous. Outline
of plates near actinals, rather indistinct.

Oral plates triangular, distinctive; furrow spines 5-
8, spaced, anteriormost spine on either side, slightly
longer. Suboral spines regularly arranged, anterior-
most longest, separated by distinct gap from regular
row of 4 spines; edge of plate adjacent to adambulacral
plates with 2 or 3 short spines or granules.

Ambulacral grooves narrow near mouth, broad
medianly, narrow near arm tip.

Tubefeet biserial, regularly arranged with distinct
sucking discs.

CoLour IN LirFe: Abactinally bright red or reddish-
orange, actinal surface cream. Dried and in preserv-
ative specimens are light brown, pink, grey, or white.
In a large deep-frozen specimen from well east of
New Zealand (NZOI Stn Z8370, 45°34’ S, 156°40° W,
870-900 m) colour is recorded as “abactinal and supero-
marginal plates almost pink: actinal surface and infero-
marginals white or pale cream, or fawn perhaps.”

Remarks: In total, 330 speciments are listed; 34 of these
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Fig. 9. Ceramaster patagonicus patagonicus (Sladen). A. Abactinal plates and papulae interradially, from coelomic side. B.
Actinal plates seen from coelomic side. C. Adambulacral plates adjacent to actinals from near arm tip. Note the enlarged
subambulacral spine. D. Oral, adambulacral, and actinal plates. E. Abactinal radial paxillae from near disc. Note the enlarged

peripheral granules on the plates and pit left by pedicellaria.

from the NZOI collections are not present, thus 296
specimens were examined; the extent of variationsand
differences within the species was well appreciated.
Onespecimen R/r=40/33 mm (NZOI StnF151, 12
specimens, 48°32’S, 174°05' E, 814 m) had four arms
and four ambulacral grooves; in other respects the
specimen was normal. Other four-armed specimens
have been reported from near the Auckland Islands.
Variation occurs in the number of pedicellariae
present; these may be extremely numerous as in a speci-
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men from 200 m near Puysegur Point, western Foveaux
Strait (NMNZ Ech. 5296, R/ r =60/49 mm); in this speci-
men almost every abactinal plate carried at least one
pedicellaria, in other respects the specimen is normal,
although marginal bare patches are large and there are
nine oral furrow spines. In most specimens pedicel-
lariae are confined to margins of superomarginal plates,
especially near bare patches, and they are also present
between bordering granules. Actinally, pedicellariae
may be very few; they are generally obvious on larger




plates which border the adambulacrals.

Theextentofbare patches on marginal plates varies;
in general, naked areas are larger and more con-
spicuousin younger, smaller specimens; in very large
specimens they are often extremely small or absent
altogether (NMNZ Ech. 3437, R/r =92/65 mm). Bare
patches, especially on thesuperomarginals, may be flat
or slightly rounded, or they may rise steeply from the
plate and have an irregular eroded outline and surface.

Adambulacral furrow spines vary in number, but
seldom exceed 5; the most proximal furrow spine is
often displaced towards the subambulacral spines or
granules, thus the furrow spines form asslightly curved
series. In larger specimens furrow spines are often
sturdy and thick-set and subambulacral spines
crowded and very obvious.

Generally oral plates arenarrow and triangular with
7 or 8 furrow spines; sometimes, however, the plates
may be broad and compact, and exceptionally there
may be 10 furrow spines. In several specimens both
oral and adambulacral furrow spines are well worn
down and virtually only stumps remain, as seen in one
specimen (NZOI Stn F107), other specimens from this
station are normal.

Dissection of the specimen described showed no
secondary abactinal plates, no interconnecting ossicles,
no superambulacral plates, and ampullae of tubefeet
are double. Gonads occurring as small, grape-like
bunches, attached to abactinal plates on either side of
interradial septum; interradial septamembranous and
strong. Abactinal plates forming very regular rows,
more or less oval or square with short lobes. Radially
papulae distinct at plate corners; interradially very
small, indistinct, or absent altogether.

Anderson and Shimek (1993: 502) found that Cera-
master p. patagonicus did not thrive in captivity and the
captivespecimens showed no interest in the very varied
food which was given to them. The food supplied (p.
501) included chopped fish, squid, scallops, mussels,
clams, live hydroids, sea-anemones, cup corals, tuni-
cates, ascidians, and sponges. Anderson and Shimek
came to the conclusion that C. p. patagonicus (from
British Columbia) feeds on micro-organisms or the
general surface film on rocks etc. of the seafloor.

Specimens of C. p. patagonicus with stomachs
extended over the substratum were captured, killed,
and dissected; there were no stomach contents. In
dissected New Zealand specimens there were no gut
contents either.

In his paper on Macquarie Island echinoderms,
O’Hara (1998: 179) listed Ceramaster lennoxkingi
McKnight as a synonym of Ceramaster patagonicus
(Sladen), thus C. p. patagonicus is very widely distri-
buted, from the Arctic to subantarctic waters. O’'Hara
argued that differences are probably size related.
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Unfortunately, there are no Sladen specimens of C.
patagonicus for comparison; C. lennoxkingi is included
here in C. p. patagonicus.

Ceramaster patagonicus australis subsp. n.
(PL. 7, Fig. 10)

MATERIAL EXAMINED:
NZOI Stn E228(3) (holotype H-757, and paratypes (2) P-
1226 in NIWA collection, Wellington). Eltanin Stn 1411(1).

SizE: R varies between 91 and 42 mm, r varies between
67 and 29 mm.

DistriBuTiON: Known only from Macquarie Ridge area.
DEeprTH: 148-415 m.

Description: Description is of specimen from Eltanin
Stn 1411, R/r=42/29 mm.

Disc flat, thick, bordered by conspicuous supero-
marginal plates, last 4 or 5 superomarginals from oppo-
site sides of arm meeting in midline. Arms short,
tapering rapidly, interradial arcs shallow. Arm tips
protected by distinct, heart-shaped, naked plates.

Abactinal plates tabulate; radially on disc and at
beginning of arms plates distinctly pentagonal or hex-
agonal, well separated from one another and forming
very regular rows; further along arms, near junction of
superomarginals, plates irregular in arrangement, size
and shape (plates may be oval, rhomboid, almost tri-
angular). Near disc centre abactinal plates less angular,
often round, oval, forming a close cover. Plate trunk
short, thick, expanding into a flat, generally angular
head with 11-16 spaced angular, clearly defined
marginal granules; central granules smaller, spaced,
almost round, arranged in more or less concentric
circles. Plates distinct, well separated, gently tumid,
especially radially. Interradially plates irregular in size
and shape, outlines not clear cut; no distinction be-
tween central and peripheral granules on these plates.

Papulae radial in position, generally 6 surrounding
each plate; papular arrangement and number most
obvious from coelomic side.

Pedicellariae straight, few, but depressions and pits
(1 to a paxillae) suggest these were more frequent.
Pedicellariae with slender valves, little expanded at tips.

Madreporite small, distinct, hexagonal, interradial,
more or less midway between marginal plates and disc
centre, gently tumid, deeply and finely dissected with
grooves meeting centrally.

Anus not obvious.

Superomar ginal plates forming distinct, conspicuous
edge to disc and arms, 18 or 19 plates present from arm
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Plate 7. Ceramaster patagonicus australis n.subsp. Eltanin Stn 1411. R/r =42/29 mm. Abactinal and actinal surfaces.

tip to arm tip. Plates rectangular, tumid, especially
centrally, with a conspicuous, raised area. Regular rows
of small, conspicuous rectangular or rounded, spaced
granules surrounding raised area; plates bordered by
distinct row of slightly larger and more conspicuous
granules; larger granules also along abactinal edge of
plate. Raised naked central area of plateirregular, with
distinct depressions, each with sometimes 1 to several
rounded granules; no pedicellariae. These plates may
have originally been covered with granules.

Inferomar ginals smaller, flatter, corresponding
exactly to superomarginals. Inferomarginals probably
covered with regular rows of small granules, as pitted
appearance suggests, although a small irregular oval
area on actinal surface may have been naked. No
enlarged spines on any marginal plates.

Actinal areas well developed, triangular, with distinct
rows of plates, rectangular near adambulacrals; inter-
radially adjacent to inferomarginals, plates smaller,
round, oval, irregular, with close covering of small,
spaced granules, bordering granules slightly larger,
triangular, rectangular (similar to abactinal paxillae);
central granules spaced, round, irregular in arrange-
ment. Plates bordering adambulacrals generally
carrying 1 distinct pedicellaria, immediately adjacent
to adambulacrals. Pedicellariae similar to those des-
cribed above; a distinct rectangular pit or hole between
2 pedicellaria blades is conspicuously rimmed.
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Adambulacral plates rectangular to almost square.
Proximal plates with4-6 (even 7), furrow spines; spines
sturdy, blunt tipped, of similar height, almost triangular
in cross-section, forming a very regular edge to furrow;
behind these, generally 3 (occasionally 4) similar-sized,
but less triangular, subambulacral spines; outer part of
plate adjacent to actinals with generally 2 rows of short,
squat, spaced angular granules; no adambulacral
pedicellariae. Occasional accessory subambulacral
granules may be on outer edge of plates; near arm tips
1 subambulacral spine may be greatly enlarged, sturdy,
conspicuous.

Oral plates broadly triangular, flat, 2 plates in an
angle separated by broad muscular area; 10 or 11 fur-
row spines; spines short, sturdy, more orless triangular
in cross-section; flat tipped, very similar to adambu-
lacral furrow spines. Spines of similar height through-
out series, separated from suboral spines by distinct
gap. Suboral spines thick-set, short, angular, slightly
shorter than furrow spines almost granule-like,
bordering suture between 2 plates; other small granules
may also be near actinal plates.

Ambulacral grooves narrow, deep, more or less
obscured by furrow spines.

Tubefeet biserial; sucking discs distinct.

Remarks: A.M. Clarkand Downey (1992: 236) discussed
and illustrated the subspecies of Ceramaster grenadensis;
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Fig. 10. Ceramaster patagonicus australis n.subsp. A. Actinal and adambulacral plates. Note the bivalved pedicellaria. B.
Actinal plates near margin and arm tip. C. Madreporite and surrounding plates. D. Abactinal surface near midline of arms. E.
Abactinal plates seen from coelomic side. F. Oral plates and adjacent ambulacrals and actinal plates. Note the pit left by

pedicellaria. G. Arm tip.
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they included Ceramaster grenadensis patagonicus.
O’Hara(1998) treated it as Ceramaster patagonicus, with
Ceramaster lennoxkingi McKnight as a synonym. The
three Macquarie Island specimens described by
McKnight (1984) and a specimen from the Eltanin
collections (Stn 1411) are included here as Ceramaster
patagonicus australis.

AM. Clark and Downey (1992: 235 included C.
euryplax H.L. Clark and C. patagonicus (Sladen) as sub-
species of C. grenadensis (Perrier). A.M. Clark (1993:
249) included both C. euryplax and C. patagonicus as
sub-species of C. patagonicus, and C. patagonicus fisheri
is also included.

The present subspecies has affinities with C. pata-
gonicus fisheri Bernasconi from the Gulf of California,
fromwhich it can be distinguished by fewer and larger
marginal plates; in C. patagonicus fisheri R/r = 48/
29 mm and there are 25 or 26 marginal plates in an
interradius; in the present specimen (R/r=42/29 mm)
there are only 17 or 18 plates from arm tip to arm tip).
The marginal plates of these recent specimens are very
prominent and tumid and bordered by very regular
rows of granules. Also, in the present specimens, the
edges of the abactinal paxillae are precise and definite,
not undulating and wavy as in C. patagonicus fisheri.

Ceramaster glasbyi McKnight, 1993 (Pl 8, Fig. 11)

Ceramaster glasbyi McKnight 1993a: 169, figs 1, 2.

MATERIAL EXAMINED:
NZOIStnU594 (1) (holotype H-614 in NIW A collection).

Size: R/r=41/19.5mm.

DisrriBuTION: Known only from TuiGuyot, Three Kings
Rise.

DeprTH: 486 m.

Descrirtion: Description is of the holotype, the only
known specimen, U594 (H-614).

Disc large, flat; arms slender, fast-tapering to oval
or heart-shaped naked terminal plates. Four or 5 pairs
of superomarginal plates meet in radial midline atarm
tip; 27 or 28 superomarginal plates from arm tip to
arm tip.

Abactinal plates rectangular to hexagonal, low-
tabulate, close-set, forming fairly regular rows along
midline of arms and disc edges; plates gently tumid
covered with granules; granules similar in size, but may
be oblong, rectangular to almost round or square, little
distinction between central and peripheral granules.
Near arm base, 15-18 peripheral granules form a clear-
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cut edge to plate, and surround from 10 to 19 small,
similar, often rounded, separated granules. Near disc
centre, plates less regular in outline, granules less
clearly defined; 5 interradial primary plates most
obvious, especially when specimen is wet.

Papulae most obvious from coelomic side where
generally 6 surround cach plate; absent (or very small)
near arm tips and interradially.

Pedicellariae not seen on abactinal surface of disc,
arms, or marginal plates.

Madreporite small, rectangular, interradial, near disc
centre, coarsely dissected; surrounding plates slightly
swollen.

Anus possibly a small, circular hole, lying near
madreporite and surrounded by slightly enlarged
granules.

Supero- and inferomarginal plates forming a well-
defined edge to disc and arms. Superomarginal plates
large, rectangular, corresponding almost exactly to
inferomarginals; plates covered with regular rows of
small, spaced, round, distinct granules; bordering
granules slightly larger, more obvious. Distalmost 4-6
marginal plates naked centrally.

Inferomarginals corresponding with superomarginal
plates, forming a conspicuous margin to disc and arms.

Actinal surface well defined; plates small, rect-
angular, close fitting, arranged in fairly regular rows.
Granules on these plates spaced, less rounded than
those of abactinal plates, slightly larger, marginal
granules more upright, angular. Plates adjacent to
adambulacrals larger, many carry atleast1, sometimes
2, distinct pedicellariae; pedicellariae scattered on
other actinal plates. Pedicellariae small, inconspicuous;
each with a slender stalk that supports a broad, fan-
shaped, flattened head with a slightly crenulate margin,
with blades on either side of small, oblong or oval, pit
or hole. Pedicellaria blades not occupying distinct
depression or pit on plate, when lying flat; they are
surrounded (?protected) by 4 enlarged granules or
stocky spines, which flank slender shafts of pedicel-
lariae.

Adambulacral plates rectangular, well separated
laterally from one another by distinct grooves or chan-
nels. Furrow spines 7 or 8, spines compressed, thin,
hastate, narrow edge facing margin; spines round-tip-
ped, of similar size, proximalmost spine, however,
shorter and inset slightly from furrow margin.
Subambulacral spines (or large granules) well sepa-
rated from margin by broad, naked channel; 3 subam-
bulacral spines in first row; these are rather angular
and round-tipped. Behind these, 3 (distally 4) rows of
subambulacral granules forming more or less regular
rows.

Oral plates triangular, distinct, with furrow series of
10-12 (in one angle, 13) round-tipped, flattened spines;



Plate 8. Ceramaster glasbyi McKnight. Holotype. NZOI Stn U594. R/r = 41/19/5 mun. Abactinal and actinal surfaces.

standing side on to one another and of similar size;
those overhanging mouth sturdier. Suboral granules
orshortspines, 6-8, forming a regular row along plate
suture;there may be other smaller granules also. Suture
between oral plates and between oral and actinal plates,
clear-cut, distinct.

Ambulacral grooves narrow, often obscured by fur-
row spines, these sometimes standing vertically in
groove.

Dissection showed no superambulacral or secon-
dary abactinal plates; tubefeet with double ampullae;
an interradial membranous septum and interradial
gonads open abactinally.

Remarks: Ceramaster glasbyi with its rather small, well-
defined disc and long, slender arms is distinct from C.
patagonicus patagonicus, has a large discand short, rather
indistinct arms, and is commonest in southern ™ew
Zealand waters, although there is one record from the
Bay of Plenty, North Island.
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Ceramaster glasbyi has affinities with C. bowersi
(Fisher, 1906) from near Kauai Island, Hawaii, 411-
592 m; both specieshavedistinct subambulacral spines
(as opposed to granules); spines are present also, at
least proximally, on the adambulacral plates; there are
also differences in these two species in the arrangement
and number of granules of the abactinal plates. Pedi-
cellariae, present in both C. bowersi and C. glasbyi, also
differ in form and abundance. In C. bowersi, pedicel-
lariae are widespread on both surfaces and have
narrow, spatulate blades; in C. glasbyi pedicellariae are
most obvious and abundant on actinal plates and have
an expanded and broad head with a crenulatemargin.

Eknomiaster n.gen.
Disclarge, pentagonal, well-defined by marginal plates;

arms short, squat, last pair of superomarginals meet
midradially. Odd pair of marginal plates interradially
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Fig. 11. Ceramaster glasbyi McKnight. A. Arrangement of abactinal plates, radially along centre of arm and disc. Plates
viewed from coelomic side. B. Actinal plates seen from coelomic side. C. Interradial abactinal area from coelomic side to show
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in both series. Marginal plates large, distinct, tumid,
no spines, bordered by small, regular rectangular
granules, larger at corners; occasional bivalved pedi-
cellariae may have been present—faint, indecisive scars
remain. Distal superomarginal plates largest; infero-
marginal plates more numerous, 2 distalmost infero-
marginal plates indistinct — proximal large, distal-
most very small; both extra inferomarginal plates at
arm tips visible from abactinal surface. Abactinal plates,
generally hexagonal, forming a close regular paving,
except near superomarginals where plates more or less
rectangular and form regular rows especially evident
near unpaired superomarginal. Occasional small,
bivalved, sugartong-like pedicellariae present abac-
tinally. Actinal surface well paved with plates, many
plates with distinct 2-valved, fan-like pedicellariae;
valves, when flat, fit closely to gently depressed area
on plates. Actinal plates variously shaped, bordered
by small, regular, angular, closely fitting granules
which enclose spaced, rounded granules. Adam-
bulacral plates with fringe of long, slender, rather
flattened, furrow spines edge-on to furrow; subam-
bulacral armature with up to 3 enlarged conspicuous
spines and pedicellariae. Near arm tip 1 subambulacral
spine conspicuously enlarged. Oral plates large,
narrow, with well-developed sturdy furrow spines.

EtrymMoLoGY: Eknomios, Greek unusual, marvellous:
Eknomiaster — unusual, marvellous star.

Tvyre SPECIES: Eknomiaster macauleyensis n.sp.

Tvre Locauny: Known only fromnear Macauley Island,
Kermadec group, 510 m.

RemaRrks: This new genus is distinct in having:

1, anunpaired marginal plate in both series;

2, inferomarginal plates continue beyond terminal
superomarginal plates;

3, unusual high, fanrlike, conspicuous actinal pedi-

cellariae; these are quite distinct from abactinal

pedicellariae, and

the armature of actinal plates, with close fringing

marginal granules and isolated round central

granules.

One other genus in the family Goniasteridae has an
unpaired marginal plate in both series, this is Perisso-
gonaster Fisher, 1913—P. insignis the type, from the
Philippine Islands and a new species from Australia
(to be described by the author)— both species have very
long slender arms and superomarginal plates are
separate to arm tips.

Pentagonaster (in the same familv) has infero-
marginal plates which continue beyond thelast supero-

42

marginal, butin Pentagonaster the actinal plates are bare
centrally and there is no conspicuous unpaired mar-
ginal plate in both series; it also lacks large fan-like
actinal pedicellariae.

No other genus in the family Gonasteridae has the
curious high fan-like actinal pedicellariae, neither are
thereactinal plates similar to those in the presentgenus.

Eknomiaster macaulelyensis n.sp. (PL 9, Fig. 12)

MATERIAL EXAMINED: NZOI Stn T235(1).
Size: R/r=28/19 mm.

DistriBuTION: Known only from near Macauley Island,
Kermadec group.

DEePT11: 448-510 m.

DescrirTion: The only specimen (T235) and holotype,
with one arm missing, is described.

Disc pentagonal, arms very short. Terminal plate
large, oval, tumid, fringed by small regular granules;
a spine may have been present at tip.

Abactinal plates generally hexagonal, sometimes
septangular; 6 or 7 plates bordering superomarginals
(interradially) rectangular, either withlong axes at right
angles to marginal plates or lying parallel to plates.
Occasional small oval or triangular plates, sandwiched
between superomarginal and rectangular plates. Abac-
tinal plates under high magnification appear naked;
however, there is suggestion of a fine dusting of tiny,
mostly isolated, flattened granules. Plates bordering
madreporite have definite glassy bosses (small
granules) generally near plate edge. Occasional small
bivalved, rather flattened sugartong-like pedicellariae
present, valves flat on plate, little or no depression;
between valves a small, conspicuous, rectangular pit.
Abactinal plates ringed by rectangular granules, meet-
ing with granules from neighbouring plates and form-
ing a very regular edge to plates. Marginal granules
larger, tumid, and most distinctive at plate corners
where, generally 3 (sometimes 4) granules meet.

Papulae at plate cormners, conspicuous radially, absent
interradially, forming a particularly close-knit network;
papulae probably also absent from between most
central plates on disc, and from first 3 or 4 radial plates.

Madreporite more or less pentagonal, interradial,
close to disc centre, somewhat damaged, narrowly and
deeply dissected. Madreporite ringed by granules,
some damaged.

Anus not obvious.

Superomarginal plates forming conspicuous edge to
disc and arms; plates 7, 3 on either side of unpaired
plate, smooth, tumid, large, bordered by regularly rect-



Plate 9. Eknomiaster macauleyensis n. gen., n.sp. NZOI Stn T235. R/r = 28/10 mm. Abactinal and actinal surfaces.

angular granules similar to those of abactinal plates,
slightly larger; 2 terminal superomarginal arm plates
meeting medianly.

Inferomar ginal plates 11, central 7 of similar size to
superomarginals and corresponding almost exactly.
Two most terminal plates interesting, distinctive;
second to last plate large, curving up and round last
superomarginal plate, not quite reaching abactinal
surface. Distalmost inferomarginal plate dramatically
smaller, almost oval, flanking terminal arm plate and
adambulacral groove.

Actinal surface with close pavement of irregularly
shaped plates — rectangular, almost square, round,
pentagonal, diamond-like. Plates with clear border of
angular, close-fitting granules; centrally either a large
conspicuous fan-like, uprightpedicellariaor, if no pedi-
cellaria, isolated rounded granules in almost regular
rows. Pedicellariae very distinctive, blades fan-like,
flattened, round tipped, fitting in distinct depressions
on plates. At base of pedicellariae, at either side of
blades, generally 2 round prominent granules; between
blades a rectangular, conspicuous well-defined pit. An
unpaired row of diamond-shaped actinal plates runs
from oral plate to unpaired inferomarginal, very obvi-
ousin1 interradius; in another interradius the sequence
is confused and hidden by a jumble of plates near
inferomarginals; possibly an enveloping membrane
was present actinally, still persisting in 1 interradius.

Adambulacral plates rectangular with gently curved
furrow margin. Furrow spines generally 7, occasionally
8; spines flattened, quite broad, more or less untapering,
truncated, spines generally edge-on to furrow; most
proximal and distal spines distinctly shorter. Behind
furrow spines a distinct clear space, then a row of 1,
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sometimes 2, conspicuous, large pedicellariae. If only
1 pedicellaria, generally 1 or 2 heavy, round-tipped
spines also forming a straight row. Near arm tips gene-
rally 1 very conspicuous heavy, almost oval, round-
tipped spine occupying most of plate; other spines
apart from furrow, few. On proximal adambulacral
plates, 2 or 3 rows of conspicuous, spaced, short,
angular granules; these difficult to distinguish near arm
tips. Actinal plates between adambulacral and infero-
marginals to last large inferomarginal plate of arms;
near arm tip adambulacral and inferomarginal plates
in contact.

Oral plates narrow, shortly acute; furrow spines 11
or 12, very similar to adambulacral furrow spines,
possibly somewhat more flattened but of similarlength,
narrow edge to plate centre. An occasional suboral
spine replaced by a large bivalved pedicellaria. Tip of
furrow spines very irregular in shape, some almost
triangular. Suboral spines 5-7, forming a definite, well
separated row adjacent to furrow spines. Boundary
between 2 platesin angle bordered by row of regularly
arranged more or less rectangular short, broad-headed
granules.

Ambulacral grooves narrow, deep, tubefeet biserial
with indistinct sucking discs.

Corour: No colour notes of living animal; dried,
brown-grey.

EtymoLoGY: The holotypeis from near Macauley Island,
in the Kermadec group.

Tyre: NZOI holotype H-747, in NIWA collection Well-
ington.
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Fig. 12. Eknomiaster macauleyensis n. gen,, n.sp. A. Superomarginal plates, adjacent abactinal plates, and pedicellaria. B.
Abactinal plate near disc margin showing abactinal pedicellaria. C. Abactinal view of arm tip. Note the two terminal
inferomarginal plates and the conspicuous radial row of abactinal plates. D. Actinal view of small area near arm tip. Note
large well-developed subambulacral spines. E. Madreporite and adjacent abactinal plates with glassy bosses. F. Abactinal
plates seen from coelomic side. G. Oral, adambulacral, and actinal plates. Note the large distinctive actinal pedicellariae. H.
Actinal area showing pedicellariae and plates.
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REMARKs: See remarks under genus. This complex
speci-men is interesting; possibly it has close affinities
with Pentagonaster which also shows an extension of
the inferomarginal series of plates.

The specimenwas notdissected but some anatomy
is visible where the 5th arm has been removed. The
abactinal plates form a very regular close-knit skeleton
of hexagonal plates, with sharply truncated lobes; this
is especially obvious interradially. Interradial septa (a
small part remains) membranous; papulae, wide-
spread, are conspicuous as well-defined pores. Inter-
radially, probably near interradial septum, but close
to disc centre there are two stalked broad-headed
organs attached to an irregular, rather rounded mass
on abactinal plates; perhaps these are gonads.

Enigmaster McKnight & H.E.S. Clark, 1996

Disc large, almost pentagonal; arms hastate with
marginals large and regular near arm tip; elsewhere,
interradially, marginal plates small, jumbled. Abactinal
plates with granules, peripheral series smaller. Actinal
areas extensive, plates covered by granules. Along
furrow, adambulacral plates with short, regular furrow
and subambulacral spines. Abactinally and inter-
radially some plates with definite pores continuing to
coelomic side; actinally, a few small pores between
actinal plates. Upper transverse ambulacral muscle
occupies distal part of ambulacral head only. Bars or
rungs in the ambulacral grooves, passing from 1 ambu-
lacral ossicle acrossfurrow to opposite ossicle external
(apparently) to epidermis. Tubefeet lacking obvious
sucking discs, possibly very small ones are present.

Tyre Species: Enigmaster scalaris McKnight & H.E.S.
Clark, 1996.

Type LocaLiTy: Auckland Islands.

Remarks: Enigmaster scalaris McKnight & H.E.S. Clark
is described from thesinglelarge specimen taken near
the Auckland Islands. It is unusual in having;:

1, muscular bars across the ambulacral furrows;

no suckers on tubefeet (if present, very small and
hard to see);

irregular and curious arrangement of interradial
marginal plates;

pores through some abactinal plates and pores
between some actinal plates.

DistriBUTION: Known only from the type locality at the
Auckland Islands.
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Enigmaster scalaris McKnight & H.E.S. Clark, 1996
(PL. 10, Figs 13, 14)

Enigmaster scalaris McKnight & H.E.S. Clark, 1996: 205214,
1 pl, 10 figs.

MATERIAL EXAMINED: Auckland Museum: AK 79700(1).
Size: R /r = (approx.) 67/42 mm.

DistriBuTION: From near Auckland Islands, south of
New Zealand.

DePTH: 520 m.

DescrirTion: The holotype, the only specimen, is
described.

Disc generally large, thin, although radially disc
steep, rising sharply. Marginal plates really only
obvious at arm tips; interradially plates small, incon-
spicuous, globose, distorted; unusual interradial mar-
ginal plates give curious body form with hastate arm
tips. Terminal arm plates oval, halfmoon-shaped, small,
inconspicuous, without spines.

Abactinally, plates solid, angular, forming very
regular rows radially and interradially; midradially, a
conspicuous carinal row of plates for at least half arm
length. Proximally, plates flat, sharply defined, near
arm tips plates irregularly arranged, often conspicu-
ously tumid. On most abactinal plates, granules miss-
ing; however, on some plates on either side of steep
radial ridge and near superomarginals, granules are
present. Near disc centre plates square, oblong, oval,
or irregular in shape with close mosaic of very finely
thorny granules; on plate margins granules thick,
rectangular, spaced, forming upright or angled fringe
along plate edge; central granules round, oval, or
hexagonal.

Papulae 6 or 7, surrounding each plate, most obvious
radially and present to arm tips; interradially, sparse
or absent, probably also absent from disc centre.

Pedicellariae straight, two types — one with slender,
tapering blades, the other with conspicuous, broad, fan-
like blades. When pedicellariae removed, distinct oval
or oblong pits remaining; these with small distinct lip,
numerous, widespread abactinally, 1-4 on a plate;
especially obvious near disc centre; interradially, pits
small, inconspicuous. Other plates with larger ovoid
or rounded pits, lacking lip; no traces of pedicellaria
blades with these “unlipped” pits. In some interradii
pits continuing through plate, becoming visible on
underside.

Madreporite near disc centre, large, irregular in
shape, coarsely dissected, surrounding plates slightly
raised.



Plate 10. Enigmaster scalaris McKnight & H.E.S. Clark. Auckland Museum Stn AK79700. R/r = 67 /42 mm. Abactinal and
actinal surfaces.

Anus not obvious.

Superomar ginal plates only really obvious at arm tips
where plates rectangular, regularly arranged and form-
ing distinct bevelled edge to disc. Plates now generally
naked but surface texture indicates original granu-
lation; granules still present on some edges, occasion
ally also on plates. Pedicellaria pits present, distinct,
generally near plate margins. Most distal 2 or 3 pairs
of superomarginals from opposite sides of arms meet-
ing in midline. Interradially, both supero- and infero-
marginal plates small, irregular in shape, oval, globose,
distorted, confused. Unusual interradial marginal
plates imparting curious body form, with hastate arm
tips.

Inferomar ginal plates distally similar to and corre-
sponding with superomarginals but no pedicellaria
pits.

Actinal areas extensive, well developed, triangular,
plates more or less regularly arranged, especially near
adambulacrals. Actinal plates square, rectangular,
irregular; plates bordering adambulacrals well defined,
rectangular, large. Plates with small granules, per-
ipheral series with slightly spaced, clear-cut outer
margins, surrounding angular or round granules. One
to 3 pedicellaria pits on plates, pits mainly marginal,
fewer centrally.

Adambulacral plates forming distinct edge to furrow;
rectangular, well separated laterally; furrow edge
straight or very gently rounded; no pedicellariae. Fur-
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row spines generally 4, although proximally only 3 and
occasionally, 5 distally; spines short, non-tapering,
round-tipped, sturdy, proximalmost adambulacral
furrow spine often distinctly shorter, sturdier and inset
on plate, away from margin. Subambulacral spines 2
or 3, short, thickset, generally forming a gently curved
series; subambulacral granules angular, well spaced,
forming 2 or 3 rows; near arm tips subambulacral
granules enlarged, flattened, typically forming a
rosette-like arrangement, with a central flattened
granule and other granules surrounding it.

Oral plates triangular, very obvious, with 7 or 8
furrow spines, short, thickset, non-tapering, round-
tipped, large; sturdiest at plate tip. Suboral spines 3-5,
short, with thick tips; suture between plates very
distinct, bordered by 5 or 6 small spines or granules.

Ambulacral grooves broad centrally, narrow proxi-
mally and distally; tubefeet regularly biserial, all re-
tracted. Tubefeet, when retracted, forming large, oval,
amorphous, sac-like mass; sucking discs apparently
absent. At bottom of furrow, between pairs of tubefeet,
distinct and regular bars spanning grooves, passing
from 1 ambulacral ossicle to opposite, rather like rungs
of a ladder; bars like these not reported in other goni-
asterids.

CoLour: No colour notes of fresh material; dried, ex-
preservative, white to light-brown or fawn.
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Fig. 13. Enigmaster scalaris McKnight & H.E.S. Clark. A. Superomarginal plates midway along arms. Note the uneven size
and arrangement. B. Abactinal plates showing pits left by pedicellariae, and also some granules. C. Group of abactinal plates
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near arm tip, showing curious rosette form of subambulacral granules.
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Fig. 14. Enigmaster scalaris McKnight & H.E.S. Clark. A. Ambulacral groove, showing bars and sac-like tubefeet. B. Oral,
proximal adambulacrals, and actinal plates. C. Three adambulacral plates and adjacent actinals. Note there is a tendency for

smaller granules to be aggregated near plate edges.

Remarks: There are five important points to be con-
sidered:

1. The strong rungs or bars (apparently fibrous, not
calcareous) that extend across the furrow between the
ambulacral ossicles are unique. They are not skin-
covered and are outside the general body coelom.

2. The curious appearance of the marginal plates is
puzzling. Possibly the unevenarrangement may allow
greater flexibility and perhaps there is a parallel here
with thecommon shallow-water New Zealand sea-star
Stegnaster inflatus (Hutton). It is known to catch prey
by arching part of the interradial region to make an
inviting dark cave or entrance, and when an unwary
fish or small crustacean enters the sea-star flattens
immediately, trapping the prey (Grace 1974). Another
suggestion (F.W.E. Rowe, pers. comm.) is that marginal
plate irregularities may allow a streamlining; perhaps
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an attribute for sinking or burrowing into a soft sub-
strate. Enigmaster scalaris resembles Stegnaster inflatus
in general body form.

3. Distinct small pores are present abactinally, passing
through some plates, but not between plates as papulae
do. Possibly they are pedicellarian pores, as in Hip-
pasteria trojana, in which they do pierce the plates, but
there is also a lip, not present in Enigmaster.

4. Pores between some actinal plates resemble those
seen in members of the Asteriidae, Echinasteridae,
Ophidiasteridae, and Zoroasteridae.

5. Absence of definite suckers on the tubefeet suggest
this species belongs in the order Paxillosida. The body
form is goniasterid, however. (A similar anomalous
combination of characters has been noted for Pseudar-
chaster boardmani Livingstone (1934) by Rowe and Gates
(1995: 68)).




One arm was dissected: ambulacral ossicles broad,
sturdy, from centre of arm to arm tip, no superambu-
lacral ossicles; near disc several actinal plates are very
thick, almost arched, with rounded ends nearly meeting
ambulacral plates — almost forming superambulacrals.
Actinal plates thick, close-fitting; plates near ambulacral
ossicles regularly arranged, others less so. Between
actinal plates sometimes distinct small pits or holes are
shrouded in membrane and run at an angle between
plates; they are not continuations of pedicellarian pores
or simply gaps due to imperfect fitting of plates.
Ampullae of tubefeet double; interradial septa mem-
branous; small grape-like clusters oneither side of septa
are probably gonads. Membrane lining abactinal plates
thick, heavy; arrangement of abactinal plates seen from
coelomic side similar to that in Ceramaster patagonicus.
In Enigmaster the arrangement of the ambulacral
muscles is of interest; it differs from that found in other
goniasterids such as Ceramaster and Pillsburiaster.

DistrIBUTION: Known from Hawaii and New Zealand,
near Gisborne and Mahia Peninsula, east coast, North
Island.

Gilbertaster Fisher, 1906

Disc large, arms distinct, narrow, tapering; interbrachial
arcs rounded. Straight pedicellariae conspicuous,
bivalved, present abactinally and actinally but not
marginally; no abactinal, marginal, or actinal spines.
Abactinal plates large, well defined, generally carinal
row of plates conspicuous; plates with close covering
of granules; marginal granules slightly smaller.
Marginal plates also with close covering of granules.
Adambulacral plates well defined with 2 or 3 short,
sturdy, truncate, rather flattened furrow spines and 2,
sometimes 3, ill-defined rows of subambulacral
granules; bivalved pedicellariae often present on
furrow edge of plate. Actinal areas well paved, con
spicuous large bivalved pedicellariae present near
adambulacrals. Madreporite with striae and central
pores, or with pores only.

Tyre SPecies: Gilbertaster anacanthus Fisher, 1906.
Tyre Locaury: West coast of Hawaii Island, 463-699 m.

Remarks: Fisher (1906) recorded one species from
Hawaii. McKnight (1973a: 192) described a new
species, G. brodiei from a single specimen taken from
near Gisborne, North Island (southeast of East Cape)
in740-913 m. A third specimen, NMNZ Ech. 6476, also
from near Gisborne, is described here. Examination of
many specimens of species included in the family Goni-
asteridae has shown how very variable species can be
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— we now recognise G. brodiei as being synonymous
with G. anacanthus Fisher. In G. brodiei (NZOI Stn E719)
there is acarinalseries of abactinal plates (not especially
conspicuous), there are small abactinal secondary
plates; there is variation in development and presence
of adambulacral furrow spines and the madreporite,
although striate, also has fine pores. In the NMNZ
specimen there is a conspicuous and well-developed
carinal series of plates (at least for three-quarters of
arm length), there are distinct, small, secondary plates
present, and the madreporite, besides being conspicu-
ously striate, also has small pores or holes centrally.
Both New Zealand specimens differ in having 3 more
or less equally developed adambulacral furrow spines,
the central spine is seldom shorter. Gilbertaster brodiei
(NZOI Stn E719) is the largest specimenrecorded, R/r
94/42 mm, and differences in the arrangement of
granules on abactinal plates and differences in the
adambulacral plates are regarded as variations only.
How important the appearance of the madreporite is
— whether there are striae, pores, or both, is not really
known; possibly Fisher’s specimen was damaged in
some way, or well worn.

Gilbertaster anacanthus Fisher, 1906 (Pl. 11, Fig. 15)

Gilbertaster anacanthus Fisher, 1906: 1063, pl. 27(2a—2c¢).
Gilbertaster brodiei McKnight, 1973a: 192, fig. 10; A.M. Clark
1993: 223.

MATERIAL EXAMINED:
NZOI Stn E719(1).
NMNZ: near Mahia Peninsula: Ech. 6476(1).

Size: R =95, approx. 67 mm, r =42, 25 mm.

DistriBUTION: Known from Hawaii and New Zealand,
near Gisborne and Mahia Peninsula, east coast, North
Island.

DEepTH: 463-913 m.

DescrirTiON: Specimen NMNZ Ech. 6476 is described,
R/r = approx. 67/25 mm (3 arm tips are damaged).
Disc large, unevenly inflated, arms of slightly
different lengths, narrow, upturned, tapering evenly
to sharp tips. Terminal plate large, rounded with (on 1
arm) an unpaired, almost square, central granule;
terminal plates scarred with numerous, spaced,
shallow pits, occupied by small, round, rather flattened
gran-ules, a few remain. [nterbrachial arcs rounded.
Abactinal surface with intricate paving of plates,
shaped fromoval to almost square, oblong, pentagonal,
hexagonal. Conspicuous carinal series of well-defined
plates for at least half arm length, flanked by rows of



Plate 11. Gilbertaster anacanthus Fisher. NMNZ 6476. R = 95, 67, r = 42, 25 mm. Abactinal and actinal surfaces.

similar but smaller and less well-defined plates. In first
halfof arms large radial (carinal) plates separated from
one another by either conspicuous, small, bivalved
straight pedicellariae, or by a row or rows of close-
fitting plates. Further out on arms, carinal plates often
touching. Abactinal plates large, slightly raised; plates
bordered by regular, close-fitting rectangular or pen-
tagonal granules, enclosing a pavement of angular
granules, 1, sometimes 2 or 3, may be central. Central
granules generally flat but some raised, with a tiny
central swelling or pimple. On disc centre plates often
confluent or separated by smaller plates, often with a
central, conspicuous, tumid pedicellaria, or plates may
be considerably smaller (secondary plates) with one
enlarged central, often angular, granule. Towards arm
tips platesirregular in size and shape, often paved with
rows of similar granules, these slightly more tumid than
those of disc. Interradially, plates smaller, irregularin
size and shape, often with a single central granule or
long, narrow bivalved pedicellaria.

Papulae generally at plate corners, most obviousfor
first half of arms; few or absent from disc centre and
absent interradially near marginal plates.

Pedicellariae long, bivalved, conspicuous, smooth,
occasional hint of teeth or irregularities along free
edges, blades appearing hollow and generally tightly
shut. Pedicellariae, generally central on plate, sur-
rounded by granules; largest on disc but few and small
near disc centre and last quarter or half of arms.

Madreporite interradial, hexagonal, nearer disc
centre surrounded by 6 larger, more conspicuous
plates; madreporite finely, conspicuously striate,
somewhat worn centrally, but with conspicuous pores.

Anus small, depressed, interradial, guarded by
jumble of small oblong and some larger granules and
plates.

Marginal plates large, gently tumid, forming well-
defined edge to discand arms, 18 or 19 marginal plates
from interradial angle to arm tips. Superomarginal
plates very regularly rectangular with curved (almost
rounded) and conspicuous abactinal margin. Regular
rectangular marginal granules surrounding close
mosaic of central granules, these often with small, con-
spicuous pimples. No pedicellariae or spines. Edges
of plates bordering inferomarginals straight; infero-
marginals corresponding almost exactly with supero-
marginals.

Inferomarginals similar to superomarginals with
well-rounded edge adjacent to actinal plates; central
granules often with slight pimples or swellings.

Actinal areas well defined, with close covering of
plates, adjacent to adambulacrals most conspicuous
with large, slender, straight pedicellariae lying at right
angles to furrow. Occasional shorter pedicellariae may
also be present; surrounding granules often with small
central pimple (swelling). Pedicellariae often isolated
on plates, with granules well spaced from them.

Adambulacral plates rectangular, distinct. First and/
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Fig. 15. Gilbertaster anacanthus Fisher. A. Radial abactinal plates near disc. B. Inferomarginals and adjacent actinal plates.
Note the granules on plates, often with a small central “pimple”. C. Abactinal plates showing madreporite, anus, and
pedicellariae. D. Oral plates, adjacent ambulacral plates, and actinal plates. Note the large bivalved pedicellariae. E.

Superomarginal plates and granules, abactinal plates, and pedicellariae.
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or second and sometimes third adambulacral plate,
adjacent to oral plates, often with conspicuous, large,
straight, bivalved smooth pedicellariae; 2 valves open
over furrow and generally lying parallel with it. Valves
generally fitting together smoothly, without teeth,
although sometimes slight marginal irregularities.
Where pedicellariae present along ambulacral groove,
these generally overhanging groove on free edge of
plate; below pedicellariae, actually in groove, some-
times 1-4 small slender spines or scales, generally
upturned, inconspicuous. If no pedicellariae, generally
3 (occasionally 2) conspicuous, sturdy, thick, non-
tapering, furrow spines; these often compressed and
tip may be angular or irregular in shape. Behind furrow
spines generally 1, sometimes 2, conspicuous, enlarged
flat-topped, central subambulacral granules, these
flanked by 1 or 2 angular granules. Between these and
actinal granules a row of 3 or 4 small rectangular
granules which border actinal plates. Near arm tips,
actinal and adambulacral granules difficult to dis-
tinguish.

Oral plates conspicuous, quite large, with furrow
series of 5 or 6 sturdy triangular spines, anteriormost
largest. Suboral armature of granules or, proximally,
short spines; adjacent to first adambulacral, 2 or 3 rows
of irregularly shaped granules or short spines. Oral
plates “dip” into mouth.

Ambulacral grooves narrow, deep; tubefeet suckered,
biserial.

CoLour: No colour notes of living animal; dried, white
to very pale brown.

ReMarks: The other larger specimen (NZOI Stn E719)
Gilbertaster brodiei (McKnight, 1973a), R/r=95/42 mm,
has five intact but worn arms, arm tips similar to those
already described. In this larger animal, the carinal
series of abactinal plates is present but less conspicuous;
the madreporite is obvious and striate and there are fine
pores present between the ridges centrally. Papulae are
most conspicuous radially; they are not present near
marginal plates and are inconspicuous, very small, or
absent from disc centre. Marginal plates are similar to
those already described, 22 or 23 present from inter-
radial angle to arm tip; plates generally opposite inter-
radially, slightly alternating distally, less well defined
compared with those of smaller specimen. Infero-
mar ginal plates similar to those described. Adambulacral
and inferomar ginal plates separate for at least half to
three-quarters length of each arm; intervening actinal
plates generally with a bivalved pedicellaria.

Inasmaller specimen (NMNZ 6476), actinal plates
also present for part of arm length but they seldom carry
pedicellariae. Very few marginal or other plates in this
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larger specimen have small pimples or swellings on
plate centre. First adambulacral plates, adjacent to orals,
with conspicuous large pedicellariae; elsewhere in
adambulacral series pedicellariae rare, occasionally
replacing furrow spines. At arm tips there are often
only two, sometimes one (obvious) furrow spines.
There may be one enlarged distal subambulacral spine
immediately behind the furrow spines but it is not as
conspicuous as in the smaller specimen. Actinal pedi-
cellariae adjacent to adambulacral plates conspicuous.
Tubefeet, with small suckers, in two regular rows.

The specimen described was dissected: a thick,
enveloping membrane is present, especially
abactinally, often obscuring plate outlines. Abactinal
plates are round or oval, there are no connecting
ossicles and no secondary plates, but there is a fairly
conspicuous row of carinal plates. Papulaeare obvious,
leaving long, slender, finger-like processes in the thick
abactinal membrane; 4-6 or 7 papulae are present
around each abactinal plate; towards the arm tips they
are fewer, smaller, and less conspicuous. Papulae are
also absent from a narrow strip interradially, on either
side of the septum. These interradial septa are
membranous but very strong and upright; there are
no partial septa present. Gonads are present as a single
organ, on either side of the interradial septa; they
presumably open very near the superomarginal plates.
Proximally, there are no superambulacral plates;
midway along the arms there are conspicuous folds or
ridges of tissue running from the actinal plates to the
ambulacral plates — these do not seem to hide or
include plates. Pyloric caecae are obvious along the
arms for at least half their length; dorsal to these is a
series of connecting, branching, round tipped slender
sacs, the ?intestinal caecae per-haps. The sacs are held
in place by distinct, narrow folds of tissue which attach
to the abactinal plates. The actinal plates are regularly
arranged, especially near the ambu-lacral ossicles; they
are rectangular and form regular rows.

Glyphodiscus Fisher, 1917b

Disc large, flat; arms short, composed entirely of
superomarginal plates which meet in radial midline.
Abactinal plates flat, smooth, ringed by single series
of granules; no crystalline bodies (hyaline granules).
Marginal plates more or less opposite, equal in size.
Papular areas radial, restricted. Actinal areas extensive;
plates with single, peripheral series of granules.
Adambulacral plates with short row of furrow spines,
subambulacral armature granuliform, forming 3 rows.
Pedicellariae small, spatulate, sometimes present on
marginal, actinal and adambulacral plates.

TyrE SPECIES: Iconaster perierctus Fisher, 1913.



Plate 12. Glyphodiscus mcknighti Rowe. Holotype. AM J21702. R/r =23/11.5 mm. Abactinal and actinal surfaces.

Tvyre Locatity: Near Observation Island, Tawi Tawi
group, PhilippineIslands, 177 m.

Remarks: Rowe (1989:273, figs 8a, b, 9a, b) recorded a
new species, Glyphodiscus mcknighti from near Norfolk
[sland, 450-475 m.

Glyphodiscus mcknighti Rowe, 1989 (PL. 12)
Glyphodistus mcknighti Rowe, 1989: 273, tigs 8A, B, 9A, B;
AM. Clark 1993: 254; Rowe & Gates 1995: 65.

MaTteriaL EXAMINED: No material examined, description
from Rowe (1989); one specimen, holotype, AM ]21702.

Size: R/r-23/115 mm.

DistriBUTION: Known only from near Norfolk Island,
28°42.30" S, 167°56.70" E (NZOI Stn P46).

DepTH: 450-475 m.

DescrirtioN: Description of holotype, AM 21702, with
R/r =23/11.5 mm, 6 marginal plates between inter-
radial angle and arm tip.

Disc large, pentagonal; arms 5, short, tapering to
blunt tips, only 2 arms with terminal plates. Supero-
marginal plates, from opposite sides of arm, join in
midline, from third superomarginal plate. Abactinal
and actinal surfaces flat; superomarginals projecting
slightly above abactinal plates; margins vertical.
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Abactinal plates smooth, flat, no glassy bosses; plates
rounded-polygonal; radial plates slightly smaller than
those interradially. Narrow transversely rectangular
plates form rows adjacent to superomarginals. Plates
bordered by single row of peripheral granules.

Papular areas rounded, convex, abactinal, involving
about 10 plates; the areas are radial and restricted.

Pedicellariae small, spatulate; 1, or occasionally 2,
present at edge of some actinal plates; also sometimes
on actinal edge of inferomarginal plates. No pedicel-
lariae on superomarginal or abactinal plates.

Madreporite small, triangular, interradial; very near
disc centre.

Anus central on disc.

Supero- and inferomarginal plates similar in shape,
size, number; plates block-like, smooth, longer than
wide, upper and lower margins rounded, plates
opposite eachother. From interradial angle to arm tip,
in each series, 6 plates, last 4 plates joining along radial
midline. All marginals with single, peripheral row of
small granules.

Actinal plates flat, smooth, more or less diamond-
shaped, forming a regular pavement; platesedged with
single row of granules.

Adambulacral furrow spines 5, laterally compressed,
behind these a row of 3 enlarged subambulacral
granules, and 2 or 3 rows each with 3 or 4 smaller
wedge-shaped granules similar to those of neigh-
bouring actinal plates.

Oral plates with 7, 8 furrow spines; 4 or 5 enlarged
suboral granules and a further 8-10 wedge-shaped
granules on actinal surface of plate.



CoLrour: No colour notes of living or dead material.

Remarks: Glyphodiscus mcknighti differs from the only
other known species, G. perierctus which has rough
superomarginal plates, tumid peripheral abactinal disc
plates and widespread papulae. Glyphodiscus perierctus
is known only from the Philippine Islands, in 177 m.

Hippasteria Gray, 1840

Disc large, arms 5, short to moderate in length; inter-
brachial arcs rounded. Abactinal plates irregularly
arranged, round, of 2 sizes; larger plates usually bare,
sometimes convex, with peripheral granules and 1 or
more spines, tubercles or pedicellariae ; smaller plates
often with granules only. Marginal plates distinctive,
large, naked, except for peripheral granules; spines and
often pedicellariae. Actinal plates with granules,
pedicellariae and often short spines. Adambulacral
plates with 1-3 furrow spines; subambulacral spines,
pedicellariae or granules. Pedicellariae broad, bi- or
tri-valved, standing above plate surface.

TyreSreciEs: Hippasteria europaea Gray, 1840 [= Asterias
phrygiana Parelius, 1768].

Tyre LocaLity: “European Ocean” (Gray 1840: 279).

Remarks: Dons (1938) recognised two subgenera —
Euhippasteria, with large, subquadrate or rectangular
regularly arranged marginal plates; and Nehippasteria,
with smaller oblong, rhomboid or oval plates which
show no regular arrangement.

DistriBuTiON: Three species are recorded from the
Atlantic; in the Pacific the genus is known from the
Bering Sea south toJapan, Australia, and New Zealand
and southern islands; in the Indian Ocean it is reported
from southern South Africa.

Hippasteria phrygiana (Parelius, 1768)
(P1. 13, Fig. 16)

Note: The references and synonymy given here for
Hippasteria phrygiana are from A.M. Clark and Downey,
(1992: 247). References which have not been checked
are marked with an asterisk; some references have been
omitted as there was no mention of Hippasteria phry-
giana. This is by no means a complete list as Hippasteria
phrygiana and its synonyms are mentioned in many
publications, some of them extremely obscure and
difficult to find.

Pentaceros planus Linck, 1733: 21, pl. 12, no. 21, pl. 22, no. 53.*

Asterias phrygiana Parelius, 1768: 425 [1770: 349], pl. 14, figs
1; 2%

Asterias equestris Lamarck, 1816:555. [non A. equestris Retzius,
1805]

Asterias johnstoni Gray in Johnston, 1835: 146, fig. 21.

Hippasteria europaea Gray, 1840: 279; 1866: 9.

Hippasteria johnstoni: Gray 1840: 279; 1866: 9.

Hippasteria cornuta Gray, 1840: 279; 1866: 9.

Hippasteria plana Gray, 1840: 279; 1866: 9; Perrier 1876: 86;
Sladen 1883: 159; Danielssen & Koren 1884: 59; Sladen
1889: 341; Koehler 1909: 88, pl. 2, fig. 5; 1924: 179, pl. 5,
figs 6, 7, pl. 7, fig. 6.

Goniaster equestris: Forbes 1841: 125, figs on p. 125, 127, 129.

Astrogonium phrygianum: Miiller & Troschel 1842: 52.

Astrogonium aculeatum Barrett, 1857: 47, pl. 4, figs 4a, b.

Goniaster phrygianus: Norman 1865: 123.

Hippasteria phrygiana: Verrill 1885: 542, pl. 17, fig. 47; 1895:
137;1899: 148; Doderlein 1900: 218; Hartlaub 1900: 191;
Ludwig 1900: 457; Whiteaves 1901: 50; Grieg 1902: 21;
H.L. Clark1905: 1; Nordgaard 1905: 160, 235; Grieg 1907:
28, 32; Siissbach & Breckner 1911: 215; Grieg 1912: 6;
1913:115; 1917:5; H.L. Clark 1923b: 270; Mortensen 1927:
88, fig. 50; 1933: 245, pl. 11, figs 1, 2; A.-H. Clark 1949:
373; Djakonov 1950: 53; Blacker 1957: 18, 45, fig. 27c,
appendix 2 (tables 1, 2), appendix 3 (tables 8, 9, 10, 11,
12, 19, 20); Buchanan 1966: 25; Wolff 1968: 82; Walker
1978: 361, figs, pls; O’Connor & Tyndall 1986: 96; A.M.
Clark & Downey 1992: 247, fig. 41c, d, pl. 58, A, B; A M.
Clark 1993: 258; Hamel & Mercier 1994: 419.

Hippasteria phrygiania [sic]: Ganong 1893: 56.

Hippasterias phrygiana: Greig 1895: 6; Simpson 1903: 40;
Haubold 1933: 199, figs 1, 5-7.

?Hippasteria pacifica Ludwig, 1905: 138, pl. 12 (56, 57), pl. 23
(132).

Hippasteria (Euhippasteria) phrygiana: Dons, 1938: 17, figs 3,
7b.

Hippasteria (Nehippasteria) insignis Dons, 1938: 16, figs 1, 2, 4-
7a.

Hippasteria trojana Fell, 1958: 11, pl. 1, figs A, G; 1959: 136,
fig. 21;1960: 61, pls 2, 3; 1962: 33 (illust.); McKnight 1967:
300; H.E.S. Clark 1970: 3; A.M. Clark 1993: 259; Rowe &
Gates 1995: 65 [new synonymy].

MATERIAL EXAMINED:

NZOI Stns D85(1)*, D211(2), E121(1), E411(1), G697(1),
G887(1), G893(1), G904(1), G911(2)*, G912(3), G927(2), 1664
(1), 1680(1)*, J482(1), P927(1), S65(1), S167(2), T36(1), T37(1)*,
T50(1), T65(3), V387(2)*, Z9792(1), Z10138(1).

NMNZ: near Auckland Islands: Ech. 1262(1), 1263(1),
1264(1), 2419(3), 7382(9), 7394(3), 7395(1); Bay of Plenty: Ech.
7377 (1); BountyIslands and Plateau: Ech. 3460(1); Campbell
Island and Campbell Island Rise: Ech. 2698 (2); Canterbury
Bight and Banks Peninsula: Ech. 2384(2), 4166(1), 4167(1),
4168(1), 4653(2), 4655(2), 7344(1), 7355(1), 7356(3); off Castle-
point: Ech. 3901(1); Chatham Rise: Ech. 3904(1), 3911(2), 4169
(3),4170(1),5320(1), 6432(2), 6433(1); near Dunedin: Ech. 7375
(1); off Hawke Bay: Ech. 6593(1); Pegasus Bay: Ech. 1261(2);
Pukaki Rise: Ech. 3461(1), 5687(1), 6567(1), 6891(2), 7378(1);
Puysegur Trench: Ech. 7372(1); Stewart Island: Ech. 6514(1).



Plate 13. Hippasteria phrygiana (Parelius). NZOI Stn G697. R/r = 86/44 mm. Abactinal and actinal surfaces.

Size: R varies from 157 to 38 mm, r = 94-23 mm (average
R/ for 33 specimens = 95/54 mm).

DisTrRIBUTION: Hippasteria phrygiana is widely distributed
in the Northern Hemisphere; in the south it is known
from New South Wales and Victoria, Australia; from
New Zealand waters it is recorded from 37°S (one
record, Bay of Plenty, North Island) to 51°S, and east
toChatham Islands; it is commonest to the east of New
Zealand south of 40°S.

DEerTH: 20-1275 m (most records are from over 500 m).
Mortensen (1927:89) recorded the depth for Hippasteria
phrygiana as about 20-800 m.

DescripTION: Specimen described, NZOI Stn G697, R/ r
=86/44, 45 mm.

Disc large, tumid; arms short, rather flat, tapering
rapidly to sharp tips; terminal plate not particularly
conspicuous, rounded, almost heart-shaped with gene-
rally 2 sturdy spines, or on 1 arm tip a single central
spine flanked by 2 smaller spines.

Abactinally, platesround, tumid, conspicuous, with
a well-defined row of carinal plates reaching almost to
arm tips and similar conspicuous plates on disc centre.
Interradially, large plates and spines absent from broad
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band adjacent to superomarginals. Larger plates tumid,
naked centrally, with a single, sturdy, rounded, squat,
central spine; plates fringed by oval or rectangular well-
spaced granules, granules flat-topped, often with a
distinct depression centrally. Larger plates separated
from each other by smaller secondary plates; secondary
plates distinctly less tumid, considerably smaller, also
ringed by similar spaced granules, on some plates
granules almost meeting centrally; these plates often
bear a single large conspicuous bi- (sometimes tri-)
valved pedicellaria. Pedicellariae breadroll-like, 2
valves, sometimes meeting centrally, or sometimes arm
meeting on side of blade of pedicellariae; blades of
pedicellariae hollow. Interradially, and near arm tips
pedicellariae small, few, and abactinal plates almost
flat, naked apart from fringing granules. Occasional tri-
valved straight pedicellariae also, generally 1 valve is
considerably larger; most obvious on disc centre where
large primary plates are often almost surrounded by a
row of these very conspicuous pedicellariae.

Papulae not particularly obvious; however, at arm
base and for short distance along arms, distinct small
round pores presentbetween plates; very indistinct or
absent in last quarter of arms. Papulae best seen from
coelomic side —see later.

Pedicellariae generally bivalved, occasionally tri-
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Fig. 16. Hippasteria phrygiana (Parelius). A. Two inferomarginal plates near interradial angle. B. Margin of arm, showing
three rows of marginal plates. Note the even edging of granules around the plates. C. Area near anus showing abactinal
plates, spines, pedicellariae, and granules. D. Oral plates and adjacent adambulacral and actinal plates.

valved, numerous, conspicuous, small, few inter-
radially and inlast quarter of arms.

Madreporite small, interradial and distinctly nearer
disc centre; more or less square, well-defined, finely
and deeply dissected; surrounding plates and pedicel-
lariae not particularly conspicuous.

Anus almost central on disc, surrounded by short,
rather flattened granules or very short spines.

Superomarginal plates forming a very distinct edge
to disc and arms, corresponding with inferomarginal
plates, 26 or 27 from arm tip to arm tip. Supero- and
inferomarginal plates of similar size. Superomarginals
large, distinct, almost oval with well-rounded edge
abactinally; plates bordered by single row of small,
distinct, oblong granules, often with a central distinct

depression. Each platebears at least 1, sometimes inter-
radially as many as 3, rounded, very sturdy central
spines forming a vertical row; flanking these spines, 3,
4, even 5 small, bivalved pedicellariae, generally near
marginal granules. Towards arm tips enlarged spines
fewer, seldom more than 1, and pedicellariae, if
present, very small and often indistinct.
Inferomarginals of similar size to superomarginals
most obvious actinally, forming a conspicuous border.
Inferomarginals also fringed by very regular rows of
granules; more regularly rectangular, forming if any-
thing, a more definite edge to plates. Interradially 3, 4,
or even 5 spines along plate centre, these large, sturdy,
rounded spines similar to those of superomarginal
plates; towards arm tips only 1 short spine; pedicel-
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lariae similar to those of superomarginal plates and
occasional small, round, scattered granules.

Actinal areas large, triangular; plates oval, round,
almost square, forming a regular pavement; plates also
naked but distinctly less tumid than abactinal plates.
Actinal plates fringed by small, rather irregularly
shaped granules; centrally, 1-4, even5, short, round,
tapering, spines, or spines absent and a conspicuous
central bivalved straight pedicellaria (similar to those
of abactinal plates) may occur. Occasional pedicellariae
with distinctly serrated or toothed margins to valves;
teeth interlock with similar teeth from opposite valve.
Pedicellariae generally most obvious on plates
bordering adambulacrals.

Adambulacral plates regularly rectangular, forming
a well-defined regular edge to furrow. Furrow spines
2 or 3; distally, occasionally 4; furrow spines large,
sturdy, upright, round tipped, often proximalmost
spine smallest. Subambulacral spine generally 1,
conspicu-ous, almost triangular, round-tipped or may
be re-placed by a straight pedicellaria; plates fringed
by rather irregular, angular, spaced, thickset granules.

Oral plates tumid, with furrow spines similar to
adambulacral spines, 5, occasionally 6, furrow spines.
Suboral spines or central granules in 1 or 2 rows; plates
edged, adjacent to first adambulacrals, by 4 or 5 short,
thick, irregular granules. Membranous area, between
2 oral plates in an ill defined angle, indistinct.

Ambulacral grooves deep, narrow; tubefeet biserial
with well-developed suckers.

Corour: Colour notes of living material (NMNZ Ech.
6891, R/r =approx. 150/ 84 mm): “abactinally —orange;
marginal spines— light orange; actinally -fawn, yellow,
ivory; tubefeet white, sometimes yellow.” Blacker
(1957: 45) recorded “a beautiful scarlet colour” in life.
Colour (ex-alcohol): fairly uniform fawn to light brown.

Remarks: This is certainly a very variable species, the
one constant featurebeing the presence, in the majority
of specimens examined, of 5 arms and the lack of
crossed pedicellariae; an exception to this is nine
specimens (NMNZ: Ech. 7382) from near the Auckland
Islands in 490-510 m; three specimens had 4 arms.

Fell (1956) described a large (R/r = 116/49 mm)
fossilsea-star from Upper Cretaceous limestonein the
bed of the Motunau River, North Canterbury, South
Island, New Zealand. He named it Hippasteria antiqua
and remarked (1956: 12) that “perhaps [the genus]
awaits discovery off New Zealand”. Two years later
he described the first living Hippasteria from New Zea
land waters, H. trojana; he discussed the similarities
and differences of living and fossil forms.

In his description of H. trojana, Fell (1958: 11)
remarked onits close similarity to Atlantic H. phrygiana,
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especially in the armature of the marginal plates and
in the number, 2-3 of adambulacral furrow spines.
After examination of more than 80 specimens of “H.
trojana” it seems that the marginal plates often have
more than one spine, and two or even three are not
exceptional. The form of the adambulacral furrow
spines is highly variable and many specimens lack
marginal pedicellariae. I was fortunate to be able to
compare our animals with Atlantic specimens of H.
phrygiana sent to us by the Museum of Zoology, Lund
University, Sweden, the University of Bergen, Norway,
and with a specimen from the Smithsonian Institution,
Washington DC, USA. I agree with AM. Clark and
Downey (1992: 248) when they say of H. phrygiana “this
extremely variable species has caused considerable
confusion.”

Hippasteria pacifica described and figured by Ludwig
(1905: 138) certainly seems similar to H. phrygiana.
Fisher (1911a: 237) suggested that, as the secondary
abactinal plates are independent and do not join with
other plates, H. pacifica is more likely to be related to
Cryptopeltaster in which the abactinal plates are covered
with numerous flat, circular, quadrate granules and
very often a large, straight, pedicellaria replaces the
adambulacral furrow spines. Attention is drawn, in the
present work, to two large specimens from the Chat-
ham and Pukaki Rises in which the abactinal plates have
a covering of spaced granules; in these specimens, how-
ever, there is no enlarged adambulacral pedicellariae
replacing furrow spines.

Imaoka et al. (1990) described Hippasteria imperialis
Goto from Japanese waters; it is also similar to H.
phrygiana. A.M. Clark (1993 : 257) listed H. imperialis as
a valid species.

There is variation in the granulation of the abactinal
plates: in most specimens the plates are conspicuously
naked apart from a central spine or spines and the
tumid plates are fringed by small, regular, spaced
granules. However, in several large specimens (NMNZ,
Ech. 5320 from the Chatham Rise area, 220 m, R/r =
127 /70 mm; Ech. 6891 from north of Pukaki Rise, 685—
729 m,R/r = 150/84 mm) the abactinal plates have no
naked central area; instead there is a covering of spaced
granules similar to those that fringe the plates. In other
respects these specimens are normal. Similarly, the
number of pedicellariae (both bivalved and trivalved)
varies considerably; they are generally fewer in smaller
specimens where they are most obvious radially, at the
beginning of the arms; likewise, some blades, particu-
larlyin bivalved pedicellariae, are toothed, interlocking
with similar teeth from the opposite valve. The arma-
ment of the marginal and adambulacral plates is also
variable; marginal plates may bear one spine only, or,
more commonly, from 2 to 3 (exceptionally as many as



5); spines may be flanked by small, short-stalked,
generally bivalved pedicellariae, or by granules. Some-
times plates, apart from spines, are completely smooth;
there are no pedicellariae. There are generally 3
adambulacral furrow spines near oral plates, and then 2,
but sometimes 3 persist almost to arm tips. There is
also variation in the subambulacral armature, either 2
short, blunt-tipped spines, or these may be replaced
by a pedicellaria, or a single spine and a pedicellaria
may be present.

In two large specimens (R/r=131/76 mm, NMNZ
Ech. 4166, 44°49’ S, 172°49" E, 1166-1179 m, and R /r =
145/90 mm, NMNZ Ech. 6891, 48°02" S, 173° 26’ E, 685—
729 m) there are three distinct rows of marginal plates;
the third and middle row of small, diamond-shaped
plates is sandwiched between supero- and infero-
marginal plates, and is most conspicuous interradially,
these plates bear distinct spines or stumps of spines.

In the smallest specimen in the present collections
(NZOI Stn D211, R/r = 37/20 mm) abactinal spines
are restricted to the radial areas at the arm bases. There
is generally only one spine to a plate; the spines are
short, squat, round tipped; marginal granules of plates
are round, often raised, well spaced from each other; if
no enlarged central spine is present there may be a large
or small central granule. Pedicellariae bivalved, bread-
roll-shaped, commonest radially at arm base; inter-
radially, they are small and generally on plates near
superomarginals. Superomarginal plates from opposite
sides of the arm are separated by at least one row of
plates, there are no enlarged spines, but scattered,
small, compact, straight bivalved pedicellariae are
present. Madreporite nearer centre than disc edge,
conspicuously pentagonal and deeply and uniformly
dissected. Superomarginal plates, 22 from arm tip to arm
tip form a very obvious and well-ordered edge to disc
and arms; plates are very tumid, naked except for
fringing granules and they bear a single sturdy, rather
squat, round-tipped spine; there are no pedicellariae
and no distinct granules. Papulae are surprisingly
distinct radially, atarmbasesand also centrally on disc;
from 5 to 7 surround each plate. Actinally, plates are
well developed and very regularly arranged; there may
be oneor 2 central enlarged granules present or a small,
straight-stalked pedicellaria. Inferomarginal plates are
very regularly arranged also; there may be 1 or 2 central
enlarged granules, or a small, straight, stalked pedi-
cellaria. Proximally there are 3 (in one case 4) adam-
bulacral furrow spines; near the arm tips there are
generally 2, sometimes 3 spines present; the subam-
bulacral spine is well developed, conspicuous. There
are 5oral furrotw spines, sturdy, the anteriormost largest.
Tubefeet are biserial with distinct sucking discs.

One large (R/r = 123/69 mm) specimen, "MNZ
no collection data and thus unregistered, was dissected.
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In this specimen the ambulacral ossicles form a high,
steep and very regular skeleton along the arms; they
are well separated dorsally by distinct muscles. There
are no superambulacral plates present. There are strong,
interradial membranous septa and both abactinal and
actinal plates are sheathed in heavy membrane; this is
particularly conspicuous and thick abactinally where
it obscures plate outlines. Outline of actinal plates is
visible through the membrane; the hexagonal actinal
plates form fairly regular rows, centrally on the plates
there is a very shallow indentation or trough which
occupies much of the plate and which corresponds with
a pedicellaria on the outer surface. Investigations with
a probe suggest that this shallow area is membrane
covered only, as the plate is easily pierced here. Near
the marginal plates the membraneis thicker and plates
appear regularly rectangular and brick-like, especially
interradially; they are, in fact probably the actinal sur-
face of the marginal plates. Interradially, the actinal
plates are smaller, less regularly arranged, and irregular
in outline. The pyloric caeca are small, short, and are
restricted to the first half of the arm. The stone canal is
very obvious. Secondary abactinal plates are apparent
when the specimen is viewed from the coelomic side;
these form rows, of 2-4 small, bar-like, round, flattened
ossicles or plates; they are especially obvious at the arm
centre. Papulae viewed from the coelomic side are very
widespread, and present from near arm tips, inter-
radially and centrally. Gonads appear as individual,
finely branchingtufts, close to and on either side of the
interradialseptum; they are nearer the edge of the disc.

A smaller (R/r = 83/44 mm) specimen (NZOI Stn
D211) was also dissected; arrangement of both abactinal
and actinal plates, seen from the coelomic side, in this
smaller specimen was more distinct. In this specimen
the interradial septa are membranous, well developed,
and strong; the pyloric caecae extend for less than half
the arm length and intestinal caecae are obvious as
distinct, fine, very slender, long tubules; the gonads are
a compact mass of branching tubules interradially,
nearer the disc edge and attached very close to the
interradial septum. Walker (1976: 361) described the
gonads in European specimens of H. phrygiana as being
“some distance from the interradial septum”. In the
present specimens they are extremely close to the
septum, one on either side; neither are the gonads “2
in each ray” as Walker (1976: 361) also stated.

The arrangement of the abactinal plates viewed from
the coelomic side, is complex. However, in the small
specimen dissected (NZOI Stn D211) there is a distinct
but not particularly obvious carinal series of plates
running from near the disc centre to the arm tip; these
plates are lobed, oval, oblong, ratherirregular in shape,
joined lengthwise by small, oval, almost round or gently
triangular plates. On either side of this rather ill-defined



carinal series of plates, there is a row of smaller, oval,
gently lobed, slightly tumid, conspicuous plates, again
connected by distinct, generally oval secondary plates
or ossicles; between this intricate network of ossicles
and plates, small, ovaldepressions or holes are present,
they are often paired and are presumably papulae.
Besides the conspicuous and strong interradial septa
are 2 mesenteries (?pyloric) which run as distinct
strands of tissue on either side of the carinal series of
plates. Near the interradial septa, plates are more
uniform in size and form a close pavement, papulae
between these plates are not obvious. In the large
specimen (NMNZ, no data) there is a similar arrange-
ment of plates although the larger plates, flanking the
carinal series, are less conspicuous. Actinally (NZOI
Stn D211), there is an intricate and quite uniform
network of oval to rectangular or almostsquare, gently
lobed plates, between which are distinctly smaller and
rather irregularly-shaped plates; plates flanking the
ambulacral ossicles are larger, more prominent and
more uniform in shape, forming a conspicuous row,
and are irregularly rectangular with a distinctly
rounded margin adjacent to the other actinal plates.
Near the marginal plates actinal plates are somewhat
smaller, more compact; interstitial plates are absent.

Kermitaster n.gen.

Disc large, arms 5, long, narrow, evenly tapering to
sharp tip, superomarginal plates from opposite sides
of arm separate to arm tip. Carinal series of abactinal
plates distinct, no secondary plates. Twojawed small,
conspicuous straight pedicellariae present, especially
abactinally. Marginal plates conspicuous, infero-
marginals not projecting beyond superomarginals;
plates with uniform covering of granules, these
becoming longer near free edges of plates. Actinal areas
well developed; distinct grooves or fascioles present
between inferomarginals and adambulacral plates.
Oral plates conspicuous with fringe of fine furrow
spines; adambulacral plates with straight margin and
furrow spinessimilar to those of oral plates. Internally,
no superambulacral plates and no abactinal connecting
ossicles; tubefeet biserial, with suckers.

Type SPEciEs: Kermitaster pacificus n. gen., n. sp.

Tyre LocaLiTy: From near Raoul Island, Kermadec
Islands, 610 m.

Remarks: The new genus shows similarities to several
other genera; these similarities are discussed in more
detail in Remarks at the end of the description.
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DisTriBUTION: Known only from near Raoul Island, in
the Kermadec Group, north of New Zealand.

Kernmitaster pacificus n. sp. (PL 14, Fig. 17)

MATERIAL ExAMINED: NZOI Stn K829(2).

Size: R/r=40/13 mm; R/r ~=22,23/10 mm.

DisTRiBUTION: Known only from near Raoul Island,
Kermadec Islands.

DEertH: 610 m.

DescrirTioN: The larger specimen described here is
damaged; Sarms, only 2 remain attached todiscand 1
is broken with disruptions and damage to disc; no
obvious thick or thin enveloping membrane abactinally.

Disc large, arms slender, rapidly and evenly taper-
ing to sharp tip; arm tip protected by irregularly oval
plate; no terminal spines. Interbrachial arcs widely and
regularly rounded; disc and arms radially inflated;
interradially depressed. Superomarginal plates from
either side of arms separate to arm tips.

Abactinally, a carinal series of hexagonal, sometimes
oval, or almost round, plates from near disc centre to
last quarter of arm, at least as far as 4th or 5th supero-
marginal from arm tip. Carinal plates flanked by fairly
regular rows of more or less oval plates; no small
secondary plates. Abactinal plates with spaced, round,
finely thorny, fairly regularly arranged granules, plate
margins withfringe of small, spaced, almost triangular
pointed spines, these sometimes terminating in 2
distinct glassy points. Disc plates and plates on proxi-
malmost raised part of armsirregular insize and shape.

Papulae 4-6, distinct abactinally at plate corners,
most conspicuous around carinal plates. Absent or very
few at disc centre and interradially.

Pedicellariae many, especially on disc, raised proxi-
mal part of arms, and interradially; generally only 1
pedicellaria to a plate, occasionally 2. Pedicellariae
straight, bivalved, small, conspicuous with broad base
and ill-defined trunk, blades sometimes broad, shell-
like with 5, 6 or more fine teeth on free edge; when
blades are flat they fit in shallow depressions on plate.
Some pedicellariae longer, thinner, strap-like with
blades a continuation of trunk, not noticeably broad-
ening, teeth in these pedicellariae more conspicuous,
coarser. Pedicellariae border a distinct rectangular pit,
edges of pit raised.

Madreporite rather small, interradial, almost hex-
agonal nearer disc centre. It is finely and regularly
dissected with ridges converging centrally; surround-
ing abactinal plates slightly enlarged.



Plate 14. Kermitaster pacificus n. gen., n.sp. NZOI Stn K829. R/r = 40/13 mm. Abactinal and actinal surfaces.

Anus not obvious, however near disc centre there
is a small opening guarded by 6 or 7 rather irregularly
shaped granules of different sizes.

Superomarginal plates, 24 from interradial angle to
arm tip forming a well-ordered edge to disc and arms;
plates rectangular, narrow edge to abactinal plates with
finely thorny, round, spaced granules similar to those
already described. Granules forming a more or less
close cover and distinctly longer near inferomarginals.
Occasional pedicellariae, never more than 1 to a plate,
present interradially; pedicellariae strap-like, toothed
along length when blades are flat; pedicellariae fitting
in shallow depressions.

Inferomarginals of similar size and more or less
corresponding to superomarginals; plates forming
raised edge to actinal surface, with regular rows of
spaced granules similar to those of superomarginals;
granules elongated to short almost triangular spines,
especially on actinal edge of plate. Inferomarginal
plates, especially interradially, separated laterally by
distinct membranous furrows or grooves, more
obvious than those between superomarginal plates. A
faint pit or scar present on 1 inferomarginal suggests
occasional pedicellariae may have been present.

Actinal areas large, plates extending between
marginal and adambulacral plates for more than half
arm length. First 2 (sometimes 3) actinal plates immedi-
ately adjacent to oral plates, enlarged, flat-topped, con-
spicuous, fringed, and covered by spaced granules
(short spines) similar to those of neighbouring actinal
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plates. Actinal plates irregular in shape and size; from
level of 4th or 5th proximal adambulacral plate, plates
more regularly arranged, forming definite rows from
adambulacral plates to inferomarginals; in general, 2
rows of plates more or less correspond to 1 infero-
marginal. Actinal plates along arms rectangular to
almost square with distinct round or slightly angular
spaced granules; plates bordered by well-spaced
almost triangular short spines or granules; towards arm
tips, outlines of plates less distinct. On 1 midinterradial
plate a distinct pedicellarian pit, pedicellariae also
present intermittently on actinal plates bordering
adambu-lacrals. Distinct grooves or furrows run from
infero-marginal plates almost to adambulacral plates;
grooves guarded by slightly longer marginal spines of
neigh-bouring actinal plates, almost fasciole-like, less
obvious towards arm tips.

Adambulacral plates forming a very regular edge to
furrows; rectangular, well separated laterally from each
other by distinct membranous areas or gutters. Adam-
bulacral plates with gently rounded free edge; deep in
furrow, plates taper to point. Furrow spines 11-13,
petal-shaped; free thin edge to furrow and actinal plates
rounded; spines forming a graded series with anterior
and posterior spines distinctly shorter; furrow spines
not webbed. A distinct membranous area or gap
between furrow and subambulacral spines, these 4, 5,
even 6, central 3 or 4 spines very tall, as tall as or taller
than furrow spines; these spines also petal-like, sturdier,
thicker, standing broad face to plate and furrow forming
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Fig. 17. Kermitaster pacificus n. gen., n.sp. (damaged specimen) A. Abactinal surface near disc centre showing madreporite,
stone canal, ?anus, abactinal plates and pedicellariae. B. Interradial and radial plates seen from coelomic side. Note the
clusters of gonads and double interradial septum. C. Arm tip with plates devoid of spines etc. because of damage. D. Abactinal
surface, showing carinal and associated plates and pedicellariae. E. Adambulacral plates and adjacent oral and actinal plates.
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a very effective palisade behind furrow spines. Most
anterior and posterior subambulacral spines very
small, pointed, slender. Enlarged subambulacral spines
blunt-tipped, often appearing grooved centrally.
Actinal and lateral plate edges fringed with small, often
sharp, spaced rather flattened spines or granules
similar to those of neighbouring actinal plates; no
obvious adam-bulacral pedicellariae. Towards arm tips
subambu-lacral spines not conspicuously enlarged,
armature very similar to that of more proximal plates,
although only 3 larger spines; angular edge of plate
deep in furrow, becoming very obvious.

Oral plates prominent, 2 plates in an angle forming
an almost flat triangle anteriorly; raised posteriorly;
plates separated near actinal plates by a broad mem-
branous area. Oral plates with regular and distinct 20-
24, even 25 furrow spines; petal-like (as adambulacrals)
with narrow edge to furrow and plate. Oral furrow
spines “bent” (or hooked) over plate edge, straight
along outer edge of plate. Suborally, fine spines or
sturdy granules forming 2 rows parallel to furrow
spines. Near first adambulacral plate suboral spines
thick, enlarged, heavy, grooved, irregular in shape,
similar to subambulacral spines already described. A
few small blunt-headed granules fringing actinal edges
of oral plates, these spaced, rather irregular in shape
and size.

Ambulacral grooves narrow, deep, tubefeet biserial,
with small sucking discs, very small near arm tips.

CoLour: No colour notes of living material; dried, ex-
alcohol: pale brown, plates white where granules have
rubbed off; actinally, adambulacral and oral spines
slightly darker golden brown. Pedicellariae con-
spicuously white.

Etymology: Kermit, the wayward frog of Muppet fame;
and pacificus, in reference to the encircling waters.

REMARKs: As the specimen is damaged it is possible to
see some of the internal anatomy; no superambulacral
plates; actinal plates (seen from the coelomic side) are
hidden by a thick membrane; stone canal is very
massive, almost double, with very regular ring-like
plates. No partial septa present as (in at least some)
species of Anthenoides, septa here which are visible
appear double, the two folds well separated inter
radially. Gonads serial, visible as small distinct bunches
in an angled row on either side of interradial septum.
Papulae distinct, from coelomic side, 4 or 5 around
plates; abactinal plates gently lobed, no connecting
ossicles. Interradially, areas small, triangular, with close
pavement of rather irregularly shaped petal-like plates;
no papulae were seen.

The smaller and battered specimen, with all arms
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broken, is very similar to the specimen described.
Abactinal plates, however, seem to lack the fringe of
small pointed spines which are present in the larger
specimen. In this small specimen granules of abactinal
plates are obvious and very regularly arranged, form-
ing very distinct rows on plates, especially interradially.
Many plates are damaged and no granules remain.
There are few pedicellariae but there are many rect-
angular edged pits and papulae are also obvious. No
pedicellariae or pits were seen on either infero- or
superomarginal plates. Adambulacral plates are
similar to those described although there may be only
10 furrow spines, and many subambulacral spines are
damaged, or missing. An interesting feature, near the
free, anterior tip of the oral plates, is the large, sturdy,
upright, round-headed spines — they are very similar
to (perhaps they are) large straight bivalved pedicel-
lariae. Similar spines are recorded in the larger speci-
men described, although these spines are closer to the
first adambulacral plates.

In many respects this new species is similar to
species of Anthenoides, especially in the form of the
abactinal carinal plates, arrangement of disc plates, and
armature of adambulacral plates — with a distinct
furrow series, agap, and then subambulacral armature.
The presence of fasciole-like structures actinally
however, recalls Pseudarchaster, and the pedicellariae
with the finely-toothed blade edge is similar to that
seen in Mediaster gartrelli n.sp. The presence of abactinal
plates to the arm tips (i.e., superomarginals from
opposite sides of arm, separate) is also characteristic
of many species of Mediaster; also the arrangement of
the gonads, in individual clumps, at an angle to the
inter-radial septum is very similar to that seen in
Mediaster. However, it differs from Mediaster as it lacks
the bar-like connecting ossicles of the abactinal plates
which are visible only from the coelomic side. This
specimen also bears some resemblance to Litonotaster
Verrill, 1899 (a genus not yet reported from New
Zealand waters) in the abactinal form of the plates and
in the absence of secondary abactinal plates; however,
there do not seem to be naturally bare areas on the
abactinal plates or on the marginal plates.

Lithosoma Fisher, 1911c

Disc large, conspicuous; arms long, slender, distinct
with superomarginal plates from either side of arm in
contact from base of arm to arm tip. Radial abactinal
plates completely surrounded by granules, both abac-
tinal and actinal plates smooth, plates with border of
small, regular granules; papular areas radial, slightly
elevated. Subambulacral granules well spaced from
furrow spines. Pedicellariae small, spatulate, excavate,
often on abactinal, marginal, and actinal surfaces.



Tvypre Species: Lithosoma actinometra Fisher, 1911c.

Tyee LocaLity: Western Luzon, Philippine Islands;
216 m.

RemaRrks: Lithosoma is closely allied to Iconaster from
which it can be distinguished as the abactinal radial
plates are completely surrounded by granules; in
Iconaster (not yet reported from New Zealand waters)
granules are present only on lateral edges of abactinal
plates.

DistrisuTioN: The genus is widespread, with at least six
species: L. actinometra is known from the Philippines,
Indonesia (Timor Sea and possibly Borneo), and the
Andamanlslands, Bay of Bengal; L. ochlerotatus Macan
(1938) is from Zanzibar, East Africa; L. novaezelandiae
McKnight (1973a) from New Zealand and outlying
islands; and L. penichra Fisher (1917a) from the Philip-
pines and New South Wales, Australia. Lithosoma
japonica Hayashi (1952) is restricted to Japanese waters,
and L. pentaphylla Alcock (1893) to the Andaman Sea
and Timor, Indonesia; possibly L. actinometra is a
synonym of L. pentaphylla, according to A.M. Clark
(1993 : 260).

Lithosoma novaezelandiae McKnight, 1973a
(PIs 15-17, Figs 18-21)

Lithosoma novaezelandiae McKnight, 1973a: 189, fig. 9; A.M.
Clark 1993: 260.

MaATERIAL EXAMINED:

NZOI: D85(2), D134(2), D136(3), D137(4), D138(3), D226
(1), D243(1), E404(1), E409(1), E734(1), E826(3), E841(1), F90
(1), F91(2), F99(1), F100(2), F753(1), F909(1), G823(1), G927
(1), 124(1), 1381(1), J31(1), J482(1), J711(7), S14(10), S14B(2),
S43(1), S140(6), S141(1)*, S142(1), S147(4), S160(1)*, S379(3),
S386(1), Z2375(1).

NMNZ: between Auckland and Campbell Islands: Ech.
2025(1); Bay of Plenty: Ech. 7376(1); Canterbury Bight and
Banks Peninsula: Ech. 7343(1), 7348(1), 5589(1); off Cape
Maria van Diemen: Ech. 4689(1); Challenger Plateau: Ech.
2039(1), 2044(2),2048(1),3881(2), 6618(1); Norfolk Ridge: Ech.
4690(3); Pukaki Rise: Ech. 6874(1); Snares Island area: Ech.
2017(2),2020(1), 2023(1), 6466(1); Stewart Island and southern
South Island: Ech. 2383(1), 2388(1), 3102(1), 6515(1); Taiaroa
Trench, Otago: Ech. 2049(3); off Westland, South Island: Ech.
2038(1), 2042(4)*, 2045(1), 2046(4), 2047(1), 4691(1), 4692(1).

Eltanin Cr. 32, Stn 1989(1).

Size: R varies between 153 and 10 mm, and r between
43 and 4 mm; in most specimens one or more of the
arms are broken making accurate measurements
difficult. Of the many specimens examined only five
had complete arms; for these five, R averaged 62 mm,
raveraged 21 mm.
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DistriBuTiON: Widespread around New Zealand from
32°39’S (NMNZ, Ech. 4690) to 53°32'S (NZOI Stn
G927) and from 162°59" E (NZOI Stn G823) to 176°50’ E
(NZOI Stn J711). The species has not been found on
the east coasts of North and South Islands, from East
Cape (North Island) to Christchurch (South Island);
neither is it known on the western New Zealand coast
from North Cape to Cape Farewell. It is most common
from Christchurch south to the Snares Islands.

DEerTH: 120-1190 m, most commonly from 600 to 800 m.

DescrirTiON:  Description of specimen NZOI Stn 124,
R/r =63/22 mm; all arms intact.

Disc pentagonal, bordered by conspicuous supero-
marginals; arms 5, long, slender, rapidly tapering to
sharptips. Terminal arm plateoval to almosttriangular
or heart-shaped; no spines; however, on 4 terminal
plates a faint horseshoe-shaped swelling at plate apex
possibly once bore spines. Superomarginal plates
forming complete casing to arms from base of arm to
tip; 4th or 5th superomarginal plate (from midinter-
radial angle) joining with opposite plate, in midline.

Abactinal surface more or less planar, gently raised
at arm bases. Abactinal plates close-fitting, quad-
rangular, hexagonal, pentagonal, forming very regular
rows from near disc centre tobeginning of arms; inter-
radially, plates less regularly arranged. Plates flat or
slightly tumid, all bordered by very regular, very neat,
rectangular granules, these often almost triangular at
plate corners. Plates with conspicuous small hyaline
(glassy) bosses, occupying entire surface of plate but
less obvious near plate edges; bosses tending to form
more or less concentric circles.

Papulariaradial, petal-like, not very distinct; papulae
at plate corners, 5 or 6 surrounding each plate. Papulae
generally most obvious around 7th (occasionally 8th)
radial plate, near junction of superomarginals.

Pedicellariae few, especially obvious on central row
of radial plates where they are generally marginal. Pedi-
cellariae small, bivalved; spatulate valves when flat
occupying shallow depressions; valves thin, com-
pressed, tapering gently, round-tipped.

Madreporite distinct, pentagonal, coarsely dissected,
interradial, and nearer centre than edge of disc; bor-
dered by 5 distinct plates.

Anus slit-like between plates, more or less central
on disc, surrounded by a number of enlarged, con-
spicuous granules.

Superomar ginal plates forming very definite edge to
disc and arms; 20 plates from interradial angle toarm
tip. Plates rectangular, smooth, centrally naked, gently
tumid and completely bordered by rows of narrow,
rather ill-defined granules. Pedicellariae, similar to
those of abactinal plates, along plate sides, seldom more



than 2 per plate. No pedicellariae on superomarginals
of arms. In 2 arms, opposite superomarginals corre-
sponding exactly with 1 another; for first 5
anteriormost pairs of plates, at middorsal junction, a
single small, flat plate enclosed. On 3 remaining arms
supero-marginal plates more or less alternate; no
enclosed plates.

Inferomarginals very slightly larger than supero-
marginals, corresponding with them. Inferomarginals
bordered by very regular rectangular granules, better
defined than those of superomarginals. Inferomarginal
plates meeting adambulacral plates near arm base; no
actinal plates presentbeyond 4th or 5th inferomarginal
plate (from midinterradial angle).

Actinal areas triangular with regular pavement of
plates, quadrangular to almost square, those bordering
adambulacrals conspicuously larger. Plates gently
tumid, completely edged by single row of small, rect-
angulargranules. Pedicellariae especially obvious and
numerous, 2 or 3, on plates bordering adambulacrals;
these pedicellariae are small, distinct, similar to those
of abactinal plates.

Adambulacral plates rectangular, regular, with
straight or gently curved furrow margin; margin bor-
dering actinal plates also gently convex, edged with
conspicuous granules. Furrow spines 6 or 7 proximally,
medially, and distally 10 or 11, exceptionally 12.
Furrow spines slender, laterally compressed, standing
edge-on to furrow; most anterior and posterior spines
broader, shorter, almost triangular, and standing
broad-side to plates and furrow. Subambulacral
granules or short spines well spaced from furrow
spines; anterior-most row (adjacent to furrow spines)
with short, flat, round edged upright granules, 2nd and
3rd rows comprising short, thick, spaced granules. No
adambu-lacral pedicellariae .

Oral plates almost triangular, large, well defined
with 9 or 10 furrow spines. Furrow spines sturdy,
untaper-ing, round-tipped, very regularly arranged;
anterior-most spines conspicuously larger, angular.
Subambu-lacral granules or short spines distinct,
anteriormost spines largest, forming a singlerow along
central furrow; generally 2 or 3 accessory rows of
granules. A distinct naked central membranous furrow
between plates and a distinct gap between furrow and
suboral spines.

Ambulacral grooves narrow, deep; tihefeet obscured.

CoLour: One specimen (NMNZ, Ech. 6874) from Pukaki
Rise, south of New Zealand, has colour notes of fresh
material: “biscuit coloured, pale brown-cream abac-
tinally, light fawn actinally”. In preservative and dried:
light fawn, cream, or white.

Remarks: This species is very variable as examination
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of 116 specimens showed. Two specimens (NMNZ Ech.
7376, 2023) from, respectively, the Bay of Plenty and
the Snares Island Shelf, have 4 arms only; there is no
trace of a 5th. In the first (Ech. 7376) the disc is square
— 27 mm x 27 mm, in the second, 51 mm x 52 mm.

Probably most variation occurs in the presence or
absence of straight pedicellariae. These may be present
on abactinal, superomarginal, inferomarginal, actinal,
and adambulacral plates — pedicellariae from the first
four areas small, spatulate, and, when flattened, valves
occupy a distinct depression on the plate, with a small
central pore; generally, these are 2-valved pedicellariae
but sometimes three valves are present, especially on
actinal plates. Adambulacral pedicellariae often
present, 2-, 3-, and sometimes 4-valved and distinctly
similar to subambulacral spines or granules; when the
blades are lying flat, they rest in a clearing rather than
a depression. These adambulacral pedicellariae may
form a constant series along arms, or only one or two
may be present; occasionally two pedicellariae are
present on one plate. If superomarginal pedicellariae
are present they are generally confined to either lateral
edges of plates adjacent to granules or they may be
present near the abactinal plates; pedicellariae are not
spread across the superomarginal plates. In most
specimens abactinal pedicellariae are restricted to
radial areas but in some specimens scattered
pedicellariae are also found interradially.

Papulae are generally most obvious in small speci-
mens where papularia are often markedly petaloid. In
some large specimens this condition persists; in others
it is difficult to distinguish any papulae.

In all specimens but one, a madreporite is present,
obvious and generally pentagonal; in one 4-armed
specimen (NMNZ Ech. 7376) there is no obvious
madreporite although a disruption of disc plates may
be responsible for this. Generally, superomarginal
plates meet with opposite plates at 4th-6th supero-
marginal; in smaller specimens occasionally the 3rd
plates meet.

Variation also occurs in adambulacral plates and
their armature; in larger specimens (R 100 mm and
more) there may be as many as 12, even occasionally
13, furrow spines; in small specimens there are seldom
more than 8. Generally, the most anterior and posterior
spines are enlarged, conspicuous and distinctly shorter;
sometimes, however, furrow spines are uniformly
slender.

In general the oral plates are almost triangular,
straight-sided and tapering posteriorly; in other speci-
mens the plates are short and distinctly rounded
laterally. In a large, rather damaged specimen (R/r =
154/43 mm) the oral plates are curious in having enor-
mously enlarged suboral spines. In yet another speci-
men (NMNZ Ech. 3881, R/ r approx. 64/ 20 mm)all five



Plate 15. Lithosoma novaezelandiae McKnight. NZOI Stn 124. R/r = 63/22 mm. Abactinal and actinal surfaces.

Plate 16. Lithosoma novaezelandiae McKnight. NZOI Stn I381. R/r = 12/6 mm. Abactinal and actinal surfaces of a juvenile
specimen.
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Fig. 18. Lithosoma novaezelandiac McKnight. NZOI Stn 124. A. Abactinal plates near disc centre. Note the madreporite, anus
and glassy bosses. B. Oral, adambulacral and actinal plates, and pedicellariae. C. Arm tips. Left, superomarginal plates lie
almost opposite each other; right, confusion of superomarginal plates. D. Adambulacral plates and adjacent actinal and
inferomarginal plates. E. Abactinal plates near arm tip. Note the conspicuous carinal plates.

oralplates are long, slender, pinched and crooked with
nine or ten furrow spines and very crowded suboral
granules; this, possibly is a result of injury.

Probably Lithosoma novaezelandiae is close to (if not
synonymous with) Lithosoma penichra Fisher 1917a;
unfortu-nately few specimens of L. penichra are
available for comparison, so the two species remain
separate.

DESCRIPTION OF SMALL SPECIMEN:
A small specimen, NZOI Stn 1381, from south of
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Cape Maria van Diemen, west coast, North Island,
492 m; R/r=12/6 mm is described.

Disc pentagonal, superomarginal plates forming
conspicuous tumid edge to disc and arms; 12 supero-
marginal plates present in all angles from arm tip to
arm tip. Terminal arm plates conspicuous, swollen,
with 3 terminal spines forming a transverse row, central
spine small, triangular; one arm tip with 4th spine out-
side larger lateral spine.

Abactinal plates forming a close-knit rather irregular
pavement; platesirregular in shape — rectangular, pen-




tagonal, hexagonal, octagonal, naked except for small
glassy bosses or spots. The bosses generally central on
plate thus leaving an unencumbered edge but indistinct
on plates at disc centre and near superomarginals.
Plates not bordered by regular granules; however,
small, rather indistinct oblong granules sometimes
present at plate corners especially on enlarged radial
plates.

Papulariae radial, papulae especially conspicuous
around 6th (in some cases 5th) midradial hexagonal
plates; plates lateral to this, 2 on either side and 1 plate
below and nearest superomarginals have 4 papulae, 2
of which are shared with larger, central plate.

Madreporite interradial near disc centre, separated
from central anus by width of 1 plate, very indistinct,
small, irregular in shape, occupying 1 more or less
pentagonal plate; 2 barely discernible rather coarse
ridges (striae) present. Of interest, abactinally, is a small
almost rectangular interradial plate, separated from
superomarginals by 3 or 4 plates, with a curious ill-
defined almost pentagonal central swelling; on lower
(superomarginal) side a distinct widely horseshoe-
shaped groove, with 2 very indistinct small holes or
pits, on upper (disc) side 2 small depressions, one at
least houses 3 or 4 very tiny granules.

Anus slitlike, central on disc, conspicuous between
4 large distinct plates, surrounded by 5 enlarged
granules.

Superomar ginal plates (12 in each interradius) tumid,
conspicuous, regular, naked (no marginal granules);
arms encased in superomarginals; second supero-
marginal plates (from interradial angle) from opposite
sides of arm meeting in midline. Inferomarginal plates
also tumid, corresponding almost exactly with supero-
marginals, naked except for tiny triangular granules
present basally on 1 midinterradial inferomarginal
plate near actinal plates.

Actinal areas more or less triangular with close pave-
ment of irregularly shaped plates; those bordering
adambulacral plates larger, distinct, 4 or occasionally
5 present from oral angle to inferomarginals. Actinal
plates slightly tumid, generally naked although
occasional small isolated granules are present mar-
ginally.

Adambulacral plates distinct, forming regular edge
to furrow; plates large, with wellseparated distinctly
curved, angular posterior (almost question-mark-like)
furrow margins; edge adjacent to actinal plates very
gently convex, this edge with 4-6 small, distinctly
round, separated granules; 5-7 exceptionally 8, furrow
spines present, generally slender, round-tipped, of
similar length, with short basal webbing. Most
posterior 1, sometimes 2, spines often slightly longer,
distinctly triangular, inset slightly on plate.

Oral plates distinct, large, rectangular, with gently
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curved furrow margin, plates fairly steep, sloping
down towards mouth. Furrow spines generally 7, but
6 and 8 also present, distinct, sturdy, mostly rounded
or with slightly angular tip, appearing finely thorny,
especially most anterior and largest ones. Most anterior
spines (overhanging mouth) longer, sturdier, almost
wedge-shaped, very slightly tapering to rounded tip.
Furrow spines webbed basally, especially evident
between most anterior spines; posterior edge of oral
plate fringed with 3-5 spaced, rounded granules. Oral
plates separated medianly by straight, even, shallow
furrow adjacent to actinal plates, in angle of 2 oral
plates a small oval or round unpaired plate present.

Ambulacral grooves and tubefeet obscured by furrow
spines.

Other specimens are of interest. One specimen
(NZOI S386, off Cape Foulwind, west coast, South
Island, 513 m) has all 5 arm tips regenerating. These
arm tips have either regular, rather tumid supero-
marginal plates or there is a jumble of plates present;
the extreme thickness of the plates is obvious. Actinal
plates forming a close network, adambulacral plates
with furrow series of 10 or 11 spines and 2 or 3 rows of
subambulacral granules. At regenerating arm tips
plates small, with angular margin and fewer furrow
spines. Oral plates with 7-9 furrow spines and well
developed suboral granules. Tubefeet, just visible,
biserial, suckered.

Two further interesting small specimens (NZOI Stn
S14) from southeast of Snares Islands.

Larger specimen (R/r = 14/6 mm) has longer and
more slender arms than specimen (NZOI Stn 1381)
already described, both having a disc diameter of about
10.5 mm. In the larger of the two, superomar ginal plates
are distinctly less tumid, with 18 superomarginal plates
from arm tip to arm tip (compared with 12 supero-
marginal plates in specimen from Stn 1381). Also in
this specimen superomarginal plates join in midline of
arms at 3rd plate (2nd plate in 1381). In other respects
the specimen is similar to that already described, with
papulae most obvious around the 7th radial plate. Anus
more or less central on disc, obvious, surrounded by 6
enlarged granules. No obvious madreporite but inter-
radially, slightly nearer disc centre, a small roughly
triangular plate, with no glassy bosses; instead, there
is a deep, uniform narrow curved trench with 2 or 3
spaced pores, possibly the beginning of the madrep-
orite. Two intact arm tips present, each with 2 small
spines and indication of a possible very tiny spine
between the two. Adambulacral plates angular with 5 or
6 furrow spines (5-7, exceptionally 8, furrow spines in
specimen from 1381); in both specimens the posterior-
most adambulacral furrow spine often distinctly
triangular. Oral plates regular, distinct, with8, 7, or even
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Fig. 19. Lithosoma novaezelandiae McKnight. A-C. Regenerating arm tips in specimen from NZOI Stn S386.
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Fig. 20. Lithosoma novaezelandiae McKnight. NZOI Stn
I381. Abactinal view of small specimen from Stn 1381.

6 furrow spines; near actinal plates a row of 3 or 4
spaced, rather indistinct granules; it is difficult to decide
whether oral furrow spines are webbed or not. Ambu-
lacral grooves deep, narrow and more or less obscured
by adambulacral plates and furrow spines.

The smaller specimen (StnS14) with R/r=11/4 mm,
has 2 intact arm tips, each with 2 short, squat, round-
tipped spines. Six or 7 superomarginal plates present
from interradial angle to arm tip; superomarginal
plates meeting in radial midline at 2nd plate (counting
from interradial angle). There is a central conspicuous
abactinal plate surro