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Freyastera, new genus, with the species benthophila, mexicana, sexradiata,
and tuberculata, all formerly assigned to the genus Freyella Perrier, 1885c.

Craterobrisinga Fisher, 1916b, synonymized with Brisinga Asbj^rnsen,
1856.

Freyella edwardsi (Perrier, 1882) transferred to the genus Colpaster Sladen,
1889.

Astrocles Fisher, 1917 (non-Atlantic), synonymized with Freyella.
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Freyella elegans (Verrill, 1884).
Freyella trispinosa H.L. Clark, 1941, synonymized with Freyella microspina
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nail, Pawson, Pope, and Smith, 1969.
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Revision of the Atlantic Brisingida
(Echinodermata: Asteroidea), with

Description of a New Genus and Family

Maureen E. Downey

Introduction

The Brisingida are almost exclusively abyssal,
with some Antarctic species occurring more in
shallow waters. Hitherto, all brisingidans were
considered to belong to one family, the Brisin-
gidae, but careful comparison of all genera
clearly shows two well-defined families: the Bri-
singidae, containing the genera Astrostephane
Fisher (1917), Brisinga Asb#rnsen (1856), Bri-
singaster de Loriol (1883), Brisingella Fisher
(1917), Brisingenes Fisher (1917), Midgardia
Downey (1972), Novodinia Dartnall et al. (1969),
Parabrisinga Hayashi (1943), and Stegnobrisinga
Fisher (1916b); and the Freyellidae, with the
genera Belgicella Ludwig (1903), Colpaster
Sladen (1889), Freyella Perrier (1885c), Freyellas-
ter Fisher (1918), and Freyastera, new genus.
These families can be separated both morpholog-
ically and ecologically, as discussed below under
the family headings.

The Brisingida are related most closely to the
Forcipulatida, but are obviously distinctive be-
cause of their small, circular disc and long, atten-
uate arms. Their general appearance is superfi-
cially like that of a large, multiarmed ophiuroid.
The fused ring of disc plates, spool-like ambula-

Maureen E. Downey, Department of Invertebrate Zoology, Na-
tional Museum of Natural History, Smithsonian Institution,
Washington, D.C. 20560.

cral column, reduced abactinal plates, single se-
ries of marginals, lack of actinal plates, and
crossed pedicellariae only are characteristic of
the order.

HISTORICAL BACKGROUND.—The first known
representative of this order, Brisinga endecacne-
mos, was described by AsbjjiJrnsen in 1856 from
Hardangerfjord, Norway. A second species, Bri-
singa coronata (= Brisingella coronata) was de-
scribed by G.O. Sars in 1871 from Lofoten,
Norway, and in 1875 Sars recognized the unique-
ness of these starfish by erecting a new family,
Brisingidae, to accommodate them. Increased
deep-sea dredging activity led to further addi-
tions to the family by Sladen, Perrier, Verrill,
Fisher, and others. Perrier (1885c) based a sec-
ond genus, Freyella, largely on the presence of
bare interradial plates and a consequent gradu-
ally curved interradial arc (as opposed to the
acute arc in Brisinga). The only major taxonomic
and biogeographic survey of the group was that
of Fisher (1917, 1919). In 1928 he raised the
family to a suborder, Brisingina. In 1958, Tor-
tonese separated the family Brisingidae from the
order Forcipulatida and placed it in a new order,
Euclasteroidea. I agree fully with this placement,
and the content of the order is unchanged. The
consensus among current asteroid specialists,
however, seems to be that the name Euclastero-
idea is of awkward construction and conveys no

1
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indication of the content of the order. Accord-
ingly, I have dropped the name Euclasteroidea
in favor of the simpler name Brisingida, which,
being based on the family name established by
G.O. Sars in 1875, is familiar and instantly de-
fines the content of the order.

RANGE EXTENSIONS.—The following range
extensions are noted:

Brisinga costata Verrill, 1884, hitherto known
only from north of Cape Hatteras in the Western
Atlantic, has now been identified from the Gulf
of Mexico, Haiti, and Venezuela. The bathyme-
tric distribution is extended to 2377 m.

Brisinga cricophora Sladen, 1889, known only
from off the Virgin Islands, has now been iden-
tified from Florida, the Bahamas, the Sargasso
Sea, and western South Africa. The bathymetric
range is extended to 1340 m.

Brisinga hirsuta Perrier, 1894, from the Iber-
ian Basin, has also been collected in the Gulf of
Guinea.

Brisingella verticellata (Sladen, 1889), known
only from north of Cape Hatteras, has now been
collected in the Gulf of Mexico.

Brisingenes multicostata (Verrill, 1894), known
only from off New England in depths of over
2000 m, has been identified from the Straits of
Florida in 805 m.

Novodinia americana (Verrill, 1880), from Ban-
quereau Bank, has been collected from off Col-
ombia.

Novodinia antillensis (A.H. Clark, 1934), from
off Puerto Rico, has been collected in the Gulf
of Mexico.

Novodinia pandina (Sladen, 1889), heretofore
known only from Faeroe Channel, has been iden-
tified from off North Carolina.

Stegnobrisinga splendens H.L. Clark, 1926,
from South Africa (~1000 m), has been identi-
fied from the Straits of Florida and from off
Venezuela (to 4000 m).

Colpaster scutigerula Sladen, 1889, known only
from the type collected by the Challenger south-
west of the Canary Islands in 2789 m, has now
been collected from the Gulf of Guinea (2525
m) and from off Honduras (933 m).

Freyastera benthophila (Sladen, 1889), previ-
ously known from the South Pacific, the Bay of
Bengal, and the Bay of Biscay, is now reported
from the Eastern Pacific off California.

Freyella elegans (Verrill, 1884), known from
Cape Hatteras north to George's Bank, has been
collected from the Gulf of Guinea and from off
Greenland.

Freyella microspina Verrill, 1894, from off
Nantucket and (as Freyella trispinosa) south of
Cuba, has also been identified from off Surinam.
The bathymetric range is extended to 2734 m.

BIOLOGY.—Little is known about feeding
among the Brisingida, but small crustacean ex-
oskeletons are sometimes found within the acti-
nostome. Recent bottom photographs by Pawson
and Miller (pers. comm.) and others (e.g., Paw-
son, 1976) show brisingids with their arms
upraised, apparently suspension feeding (Figure
\a,b), whereas the Freyellidae are always photo-
graphed lying flat on the bottom (Figure Id) or
with only the distal portion of the arms raised
(Figure lc) and are probably not suspension feed-
ers (see "Discussion" under Brisingidae and Fre-
yellidae).

DIAGNOSTIC METHOD.—In this paper I have
used a different approach to the taxon diagnosis,
using a master list of characters and character
states compiled from the major literature on the
Brisingida ("Appendix"). This compilation rep-
resents a first step in the development of a com-
prehensive character list for the entire Astero-
idea . The numbers (for characters) and letters
(for character states) in square brackets in the
diagnoses are described in the appendix. The
advantages of having a number and letter system
are: (1) it becomes immediately apparent which
characters belong at which taxonomic level; (2)
characters and character states can be compared
in numerous ways to investigate possible relation-
ships; and (3) some evolutionary trends can be
detected; less specialized characters are shared at
higher taxonomic levels, whereas the greatest
degree of specialization appears at the species
level or below.

Characters are considered in the following or-
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FIGURE 1.—Bottom photographs of various brisingidans showing normal position: a, Novodinia
sp.; b, Brisinga sp.; c, Freyastera elegans; d, Freyastera sp. (normally with only six arms).

der: general form, disc, arms, terminal plates,
inferomarginal plates, adambulacrals, ambula-
crals, mouth plates, gonads, pedicellariae. The
numbering system for characters is by tens to
allow for addition of further characters. Some
features are repeated in other forms for ease of
evaluation (for example, disc shape and interra-
dial arc frequently offer the same information)

and thus tend to weight certain features. Char-
acters were taken en masse from existing litera-
ture and in that way reflect a minimal personal
bias.

The Brisingida was selected to test this method
primarily because the order was in need of revi-
sion and secondarily because it is a relatively
small order, with distinctive characters. Revision
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of another order (or family or genus) would
require analyses of a different suite of characters
and character states.

Note that the scale on all figures represents
one centimeter.
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to Stephen Cairns, David L. Pawson, and Fred-
erick M. Bayer, all of the Department of Inver-
tebrate Zoology, National Museum of Natural
History, Smithsonian Institution, and to Daniel
B. Blake, Department of Geology, University of
Illinois, for reading rough drafts of this manu-
script and offering valuable comments and sug-
gestions and especially for their encouragement
and kindness in urging me to publish results of
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the drawings of Brisingella coronata and to Mi-
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David L. Pawson, National Museum of Natural
History, and Barbara Hecker of the Lamont
Oceanographic Laboratory for the bottom pho-
tographs in Figure 1, and John Miller, Harbor
Branch Foundation, Fort Pierce, Florida, for co-
ntents on possible feeding behavior.

Order BRISINGIDA Fisher, 1928, new status

BRISINGINA Fisher, 1928:4 [suborder].
EUCLASTEROIDEA Tortonese, 1958:1-3.

DIAGNOSIS.—[lO.a] Form ophiuroid-like;
[2O.a] disc size small (-10-40/1 R/r) [4O.a] disc
shape circular, frame an inflexible ring of plates
fused or united by syzygy; [9O.a] position of
madreporite more or less lateral, on outer edge
of disc (except Freyastera mexicana); [170] arms
always more than 5; [180.a] shape of arms long,
attenuate, R/r more than 6/1; [200.a] gonadal
region of arms differing from rest of arm; [23O.a]
size of abactinal arm plates relative to marginals
small; [300.a,b] marginals not corresponding one
to one with adambulacrals (except Brisinga hir-
suta); [310.a] marginals armed with spines;
[330.a] adambulacral plates more or less cylin-
drical; [41O.a] ambulacral groove broad, open;

[440.a] ambulacral plates not crowded (except
Novodinia americana), heads abutting end to end;
[450] tubefeet in 2 rows; [46O.a] tubefeet suck-
ered; [61O.a] pedicellariae crossed.

Family BRISINGIDAE G.O. Sars, 1875

BRISINGIDAE G.O. Sars, 1875:1.—Verrill, 1880:139.—Per-
rier, 1885c:3.—Sladen, 1889:603.—Perrier, 1891c:
198.—Verrill, 1895:199.—Ludwig, 1897b:418; 1900:
488.—Fisher, 1906:1108.—Koehler, 1907:3; 1906
[1907]: 141; 1908:578.—Fisher, 1916b:31; 1917:419;
1918:104; 1919:516,—H.L. Clark, 1920:107.—Fisher,
1928:7.—Hayashi, 1943:136.—Tortonese, 1958:1.—
A.M. Clark, 1962:68.—Bernasconi, 1964:248.—Spencer
and Wright, 1966:U76.—McKnight, 1975:17.—A.M.
Clark and Courtman-Stock, 1976:97.

DIAGNOSIS.—[5O.a] Interradial arcs acute;
[8O.a,b] madreporite large to moderate; [14O.b]
no bare interradial plates on disc; [19O.a] arms
deciduous, constricted where they join the disc;
[220.a] abactinal arm plates forming costae;
[400.a] proximal adambulacrals united interra-
dially.

DISCUSSION.—The Brisingidae, with arms
sharply demarked from the disc by a constriction
at their base, and with abactinal arm plates in
costae across the arms with either bare mem-
brane or thin imbricate fenestrate plates between
the costae, raised arms above the disc are admi-
rably adapted to suspension feeding. Only the
species of Novodinia are slightly limited in their
ability to raise the arms completely over the disc
because of the plating between the costae on the
proximal part of the arms, but even they are less
limited in this regard than are the Freyellidae.
The Brisingidae live on hard substrates, and in
bottom photographs are easy to mistake for com-
atulid crinoids because of their feeding position.

Genus Brisinga Asbj^rnsen, 1856

Brisinga Asbjjfrnsen, 1856:95.—G.O. Sars, 1875:1.—
Sladen, 1889:604.—Wood-Mason and Alcock, 1891:
12.—Alcock, 1893b: 170.—Bell, 1893:104.—Perrier,
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1894:61.—Verrill, 1894:280; 1895:211.—Fisher,
1916b:31; 1917:427; 1918:103; 1919:516.—Doderlein,
1927:292.—Fisher, 1928:7.—A.M. Clark and Courtman-
Stock, 1976:97.

DIAGNOSIS.—[3O.a] Disc thick, raised well
above plane of arms; [5O.a] interradial arcs acute;
[6O.a] skin thick, dense, opaque; [70.a,b] anal
opening barely visible (microscopic) or absent;
[14O.b] no bare interradial plates; [16O.a] no
papulae; [170] number of arms 7-13; [190.a]
arms deciduous, constricted at base; [22O.a] abac-
tinal arm plates imbricating across arms in costae;
[400.a] proximal adambulacral plates united in-
terradially; [59O.a] gonads numerous; [600.a] go-
nads serial.

TYPE-SPECIES.—Brisinga endecacnemos As-
bj^rnsen, 1856, by original designation.

DISCUSSION.—Brisinga formerly contained
many species that have since been assigned to
other genera within the family, mainly by Fisher
(1917, 1919). The type species was mono-
graphed and illustrated in detail by G.O. Sars
(1875), to whose thorough explication we owe
much of our knowledge of this deep-sea genus.

The characters Fisher (1917, 1919) used to
separate Craterobrisinga from Brisinga are not
reliable. Fisher distinguished Craterobrisinga on
the basis of capitate or truncate subambulacral
spines in the proximal region of the arms, pres-
ence of a second subambulacral spine, and adam-
bulacral plates higher than long. Brisinga costata
has 1-3 capitate spines on the proximal adarnbu-
lacrals, and the adambulacrals are longer than
high. Brisinga cricophora (which Fisher assigned
to Craterobrisinga) has adambulacrals higher than
long proximally, longer than high distally, and
only one subambulacral spine. Brisinga endecac-
nemos has adambulacrals higher than long, and
one acicular subambulacral spine. Brisinga hir-
suta has adambulacrals longer than high, and one
large and one small acicular subambulacral spine.
Thus characters Fisher used to distinguish Cra-
terobrisinga are specific, not generic.

The species of Brisinga have large eggs and
direct development. Post-larval development is

discussed by G.O. Sars (1875).
CHARACTERS.—Those peculiar to the genus

Brisinga: None.
Characters shared with other genera of Brisin-
gidae:

Brisingella: 6O.a, 70.a,b, 16O.a.
Brisingenes: 70.a,b, 600.a.
Midgardia: 3O.a, 6O.a.
Novodinia: 30.a, 6O.a.
Stegnobrisinga: 30.a, 70.a,b, 16O.a.

Characters in which Brisinga differs from other
genera of Brisingidae:

Brisingella: 30, 590, 600.
Brisingenes: 30, 60, 160.
Midgardia: 70, 160, 590, 600.
Novodinia: 70, 160, 590, 600.
Stegnobrisinga: 60, 590, 600.

Brisinga costata Verrill, 1884

FIGURE 2

Brisinga costata Verrill, 1884:382; 1885:529; 1894:280;
1895:211.

MERISTICS.—Arms = 12-13, R = 161-381
mm, r = 16-22 mm, R/r - 10-17/1, length of
gonadal region = 61-95 mm, length of longest
arm spine = 9-15 mm.

DIAGNOSIS.—[8O.a] Madreporite large, raised;
[lOO.a] madreporite irregular, coarsely chan-
neled; [110.a,b] abactinal disc plates metapaxil-
lar, tumid, irregular; [120.a] abactinal disc plates
widely scattered in membrane; [130.a] abactinal
disc plates bearing 1-3 very small sharp spinelets;
[170] number of arms 12 or 13; [210.a] abactinal
arm plates rod-like; [220.a] abactinal arm plates
imbricate across arms in raised ridges (costae),
costae well spaced, no plates between or beyond
costae; [24O.a] abactinal arm plates bearing 0-8
small sharp spinelets in a line on ridge of plate;
[28O.a] marginal plates very small relative to
adambulacrals; [29O.a] shape of marginals irreg-
ular; [300.b] marginals occurring about every 2-
3 adambulacrals; [310.a] marginals bearing one
moderately long acicular spine; [320.a] adambu-
lacral plates large relative to marginals, higher
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FIGURE 2.—Brisinga costata: a, abactinal view; b, actinal view.

than long; [330.b] adambulacrals spool-shaped,
higher than long, with sharp inner distal prolon-
gation; [34O.a] furrow margin straight; [350]
number of furrow spines 1-3; [360.a] furrow

spines quite small, slender, acute; [370.a] furrow
spines on proximal end of adambulacral; [380]
number of subambulacral spines 1(2—3);
[390.a,b] subambulacral spines moderately large,
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acicular, sometimes proximal ones slightly capi-
tate; [42O.a] ambulacral plates high, forming dis-
tinct ridge along arm; [43O.a] head of ambula-
crals saddle-shaped; [47O.a] structure of tubefeet
delicate, thin, translucent; [48O.a] mouth plates
rather small relative to adambulacrals; [49O.a]
mouth plates T-shaped; [500] number of preoral
spines per mouth plate 1; [510.a] preoral spines
very long, fine, acicular; [520.a] position of
preoral spines adoral; [530] number of lateral
oral spines 2 per mouth plate; [54O.a] lateral oral
spines small, slender, slightly curved, acicular;
[55O.a] lateral oral spines on oral edge of mouth
plates, beneath preoral spines; [560] number of
suboral spines per mouth plate 1; [570.a] suboral
spines large, acicular; [58O.a] position of suboral
spines just behind preorals; [62O.a,b,c] pedicel-
lariae tiny, abundant on membrane of disc and
in irregular bands on membranous part of arms
beyond costae, all spines enclosed in fleshy sacs
completely covered with pedicellariae; [63O.a] all
pedicellariae microscopic.

COLOR.—Unknown.
TYPES.—USNM 7820 (holotype), Albatross

Sta 2210, collected 1884 south of Block Island,
Rhode Island, 1812 m; USNM 11256 (paratype),
Albatross Sta 2533, SE of George's Bank, 1514
m.

MATERIAL EXAMINED.—Holotype and para-
type; 1 specimen, USNM 6739, Albatross Sta
2116, off Hatteras, North Carolina, 1624 m; arm
fragments, Albatross Sta 2706, off George's
Bank, 2173 m; 1 specimen, USNM 18503, Al-
batross Sta 2116, off Cape Hatteras, North Car-
olina, 1624 m; arm fragment, R/V Knorr Sta
325, Hudson Canyon, 39°13.3'N, 71°53.4'W,
1974 m; arm fragment, USNM E20942, Oregon
Sta 2571, Gulf of Mexico, 26°34'N, 90°31'W,
2377 m; 2 specimens, Pillsbury Sta 1178, Haiti,
19°14'N, 73°14'W, 1903 m; 17 specimens,
Pillsbury Sta 748, off Venezuela, 11°24.8'N,
67o10.1'W, 1865 m.

DISTRIBUTION.—Western Atlantic, George's
Bank to Venezuela, 1514-2377 m.

DISCUSSION.—Within the gonadal inflation,
numerous oval sacs contain one to four very large

yolky eggs (up to 3 mm) and a number of smaller
eggs. Development is therefore likely direct and
probably demersal.

CHARACTERS.—Those peculiar to B. costata:
43O.a.
Characters shared with other species of Brisinga:

B. cricophora: 80.a, lOO.b, HO.b, 13O.a, 210.a,
220.a, 24O.a, 28O.a, 29O.a, 300.b, 310.a,
320.a, 33O.b, 36O.a, 37O.a, 39O.a,b, 47O.a,
48O.a, 500.1, 51O.a, 54O.a, 570.a, 58O.a,
62O.a,b,c, 63O.a.

B. endecacnemos: 100.a, HO.a, 13O.a, 21O.a,
22O.a, 24O.a, 28O.a, 300.b, 31O.a, 320.a,
330.b, 36O.a, 370.a, 39O.a, 42O.a, 48O.a,
500.1, 51O.a, 52O.a, 54O.a, 560.1, 570.a,
58O.a, 62O.a,b, 63O.a.

B. hirsuta: HO.b, 120.a, 21O.a, 22O.a, 24O.a,
28O.a, 310.a, 33O.b, 36O.a, 390.a, 42O.a,
47O.a, 500.1, 510.a, 570.a, 62O.a,b,c.

Characters in which B. costata differs from other
species of Brisinga:

B. cricophora: 100, 110, 120, 320, 340, 370,
420, 430, 490, 520, 550.

B. endecacnemos: 80, 100, 110, 120, 290, 310,
340, 370, 390, 430, 470, 490, 530, 550,
620.

B. hirsuta: 80, 100, 110, 130, 290, 300, 320,
340, 370, 430, 480, 490, 520, 530, 550,
580, 630.

Brisinga cricophora Sladen, 1889

FIGURE 3

Brisinga cricophora Sladen, 1889:606-608, pi. 59: figs 6-8.
Craterobrisinga cricophora.—Fisher, 1917:426; 1919:513.

MERISTICS.—Arms = 11, R = 130 mm (esti-
mated), r = 7-13 mm, R/r = 10-19/1, length of
gonadal region = 60 mm, length of longest arm
spine =17 mm.

DIAGNOSIS.—[8O.a] Madreporite large, raised;
[lOO.b] madreporite irregular; [llO.b] abactinal
disc plates tumid; [120.b] abactinal disc plates
dense in membrane; [ 130.a] abactinal disc plates
sometimes bearing one or more tiny hyaline spi-
nelets or one moderately long hyaline spinelet;


