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Abstract

Isometra vivipara and Phrixometra nutrix are two brooding feather stars (order Comatulida) that are widely distributed
along the southern tip of South America to the Antarctic. We examined 210 specimens of . vivipara and 38 specimens of P.
nutrix collected during five cruises in the southwestern Atlantic between 91 and 642m depth. Specimens were analyzed and
deposited in the National Invertebrate collection, Museo Argentino de Ciencias Naturales “Bernardino Rivadavia”. Isometra
vivipara reaches an arm length of 49 mm long and shows two stages of brooding: in the female genital pinnules and on the
cirri of the mother. In this paper, we propose that spermatozoa reach the ovary via the ambulacral groove. By contrast, P.
nutrix is smaller with a maximum recorded size of 26.8 mm, and brooding occurs only inside the female genital pinnules.
Here, we record, for the first time for P. nutrix, spermatozoa shape and a cleaved egg attached externally to a genital pinnule
of a female. The distributions of both species and their abundances in some areas could be related to their doliolaria larval
stage. In addition, we extend the bathymetric range of P. nutrix to 512 m in Marine Protected Area Namuncura/Burdwood
Bank and distribution to the Mar del Plata Submarine Canyon area. We also propose mode of reproduction and developmental
patterns as attributes for identification and possible explanations for their differences in distribution.
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Introduction

Feather stars, members of the crinoid order Comatulida
that lose the stalk after a stalked postlarval stage, are the
dominant group of living ecrinoids with 561 species in six
genera (Hemery et al. 2013; Roux et al. 2002; WoRMS
Editorial Board 2021). While some species show external
and internal brooding (Hyman 1955; Messing 1984; Mlad-
enov 1987; Haig and Rouse 2008; Obuchi et al. 2010), their
most common reproductive mode is broadcast spawning
(Messing 1984; Holland 1991; Balser 2002; Eléaume et al.
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2001). Two species of Argentina were described as brooders
(Mortensen 1920; Pertossi et al. 2019).

Crinoids have six distinct life-history stages; among them,
the doliolaria larvae play a key role in dispersion (Chia et al.
1986; Hendler et al. 1995; Balser 2002). The distribution of
species and their abundances in some areas may be related to
the planktonic doliolaria larval stage which could enable the
specimen to drift long distances, far from the adult habitats
(McClintock and Pearse 1987; Helgen and Rouse 2006).

Among brooding comatulids, Mortensen (1918) described
two species from Argentina: Isometra vivipara Mortensen,
1917, and Phrixometra nutrix (Mortensen, 1918), both cur-
rently placed in family Antedonidae (Brogger et al. 2013a),
although the family is polyphyletic, and the placement of both
genera is currently uncertain (Hemery et al. 2013; Rouse et al.
2013). Isometra vivipara exhibits two stages of brooding: as
doliolaria in the female genital pinnules, and as cystidean and
pentacrinoid attached to the cirri of the mother (Clark and Clark
1967; Pertossi et al. 2019). In P. nutrix, brooding occurs inside
the female genital pinnules, until the juvenile stage is released
as a young free feather star that sheds its stalk and swims away
(Andersson 1904; Mortensen 1917, 1918; Messing 1984).
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Isometra vivipara has separate sexes, internal fertiliza-
tion, and intraovarian sperm storage preceding the develop-
ment of embryos in the mother’s brood pouches (Holland
1991). Andersson (1904) proposed that males transferred
sperm via copulation, although without any direct observa-
tion. Holland (1976) discussed the unlikelihood of copula-
tion and suggested that sperm might be transferred through
seawater. He noted that the sperm head is “modified” (flat-
tened, oval, and with an acrosome displaced to one side,
unique among crinoids), which might reflect packaging in
spermatophores or a modification, allowing them to pass
from the exterior through the female’s brood pouch cavity
and into the interior lumen of the ovary. Although the so-
called primitive sperm, with a spherical head and free flagel-
lum, is characteristic of external fertilization, recent studies
indicate that the sperm shape does not always match fertili-
zation mode. Eumorphometra marri John, 1938 and Phrix-
ometra longipinna (Carpenter, 1888) both internal brooders
(John 1939) have ‘‘primitive’’ sperm, which is thought to
use the external fertilization mode, whereas Antedon bifida
(Pennant, 1777) has a “modified’” sperm but external ferti-
lization (Holland 1976, 1991). Sperm morphology remains
unknown for the brooding species P. nutrix, Aporometra wil-
soni (Bell, 1888), and Notocrinus virilis Mortensen, 1917.

The purpose of this study was to introduce brooding as
an attribute for identification. We add new information for
L vivipara and P. nutrix. Finally, we discuss the brooding
and distribution of both crinoids with reference literature.

Material and methods

Five cruises were carried out aboard the R/V Puerto Deseado
from 38° S to 61° S between 2009 and 2017 (Fig. 1). Sam-
ples were collected using bottom trawls and fishing nets at
depths between 91 and 642 m and included 38 specimens
of P. nutrix and 210 of I. vivipara (Pertossi et al. 2019).
All samples were preserved in ethanol 96%, analyzed,
and deposited at the National Invertebrates collection of
the Museo Argentino de Ciencias Naturales “Bernardino
Rivadavia” (MACN-In).

In addition to the samples collected, specimens previ-
ously deposited at the MACN-In were studied. Observations
were carried out under a stereoscopic microscope; images
were taken with a Stereo Discovery V20 and an Axiocam
HRc digital camera. All diagnostic characters were analyzed
in detail, including the cirri, oral pinnules, genital pinnules,
arm number, and segments of the cirri and arms. Feather star
size measurements were taken from the tip of an arm to the
centrodorsal. A study on sperm morphology was carried out
for both species. For I. vivipara, fixed genital pinnules were
dehydrated, embedded in Leica Historesin®, sectioned with
a RM2155 Leitz microtome (5-6 pm sections), and then
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stained in hematoxylin and eosin. Slides were photographed
and measured with a Zeiss Axio Imager Z1 light microscope
and an Axiocam HRc digital camera. In the case of P. nutrix,
genital pinnules of the male were dehydrated in graduated
series of ethanol, critical point dried, and observed under
a SEM.

Results

Family Antedonidae Norman, 1865

Remarks: Molecular data have recently rendered this
family as polyphyletic, and the relationships among its tra-
ditior ' ubfamilies and genera remain to be worked out in
detai’ . Huse et al. 2013; Hemery et al. 2013):

Subfamily Isometrainae Fet & Messing, 2003.

Remarks: This subfamily, which includes only Isometra,
was renamed from Isometrinae to remove homonymy with
a subfamily of scorpions (see Hess and Messing 2011).
Hemery et al. (2013) reported that it is weakly supported
by nonparametric bootstrap but well supported by posterior
probabilities.

Isometra A. H. Clark, 1908

Remarks: The genus occurs along southeastern South
America and around Antarctica and currently includes seven
accepted species. However, two are known only from one
specimen each, and several are distinguished only on the
bases of differences in proportions of proximal pinnules
(Clark and Clark 1967).

Isometra vivipara Mortensen, 1917 (Fig. 2a, b, c, d, e).

Antedon hirsuta (non Carpenter, 1888); Andersson 1904:
1-8; Wilton et al. 1908: 21, 61.

Isometra sp. A. H. Clark 1915: 106.

Isometra angustipinna (non Antedon angustipinna
Carpenter, 1888); A. H. Clark 1915: 146.

Isometra vivipara Mortensen 1917: 208; 1918: 10-15;
1920: 1,13,14, 29, 31-48, 49, 52, 53, 60-65, 69, 75, 81,
92; Clark 1921: 23, 153, 230, 281, 292, 365, 367, 369, 375,
409, 410, 510, 528, 582, 613; 1931: 59; John 1937: 86-88;
1938: 123-126, 128, 131, 132, 178-181, 191, 192, 211;
Clark 1937: 5, 17, 18; Vaney 1938: 661; Clark 1941: 18, 29,
35, 1947: 308, 310; Hyman 1955: 75, 86, 87; Marr 1963:
339, 342, 345, 347-349, 352, 356, 360, 361; Clark and Clark
1967: 8, 9, 632—644, 645; Holland 1976: 147-152; Afzeliu

977: 277; Speel and Dearborn 1983: 2—11, 47; Messing

984: 88; McClintock and Pearse 1987: 382; Healy et al.
1988: 308, 309; McEdward et al. 1988: 11; Eckelbarger
et al. 1989: 267; Bishop and Ryland 1991: 116; Giese et al.
1991: 259, 260, 272, 275, 286; Jamieson 2000: 178, 179,
182; McEdward and Miner 2001: 1132, 1157; Balser 2002:
463-482; Haig and Rouse 2008: 466, 467; Bohn 2009:
795, 798; Mironov and Pawson 2010: 50; Obuchi et al.
2010: 1199; Haig et al. 2012: 7; Brogger et al. 2013a: 367,
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Fig. 1 Map showing the location of the collected samples, square: Isometra vivipara; circle: Phrixometra nutrix

Eckelbarger and Riser 2013: 277; Hemery et al. 2013: 513;
Solis-Marin et al. 2013: 544; Eléaume et al. 2014: 210, 211;
Souto et al. 2014: 279; Clouse et al. 2015: 4; Kammer et al.
2015:309,310; Hays 2016: 8, 16, 58, 82, 89, 104-106, 108,
132, 192,193, 206, 250; Jones et al. 2016: 2, 3, 5; Pandia
2018: 55, 56; Hasan et al. 2019: 4, 18; Pertossi et al. 2019:
807, 808, 810, 811, 812, 815.

Diagnosis (modified from Clark and Clark 1967): A
species of Isometra with 26-43 cirri, the longest segments
hardly, if at all, longer than wide; P1 is up to 8 mm long with
14 segments while P2 is usually 5.5 mm shorter with 12 seg-
ments; P5 is usually the first genital pinnule.

Examined material: 54° 50’ S-64° 01’ W 151 m
MACN-In22821, 54° 57" S—64° 42’ W 265 m MACN-In

22,822, 54° 25" S-58° 31' W 137 m MACN-In 42,367, 54°
51" S-60° 0" W 159 m MACN-In 42,368, 54° 32’ S-60°
1" W 98 m MACN-In 42,369, 54° 10" S-58° 16" W 100 m
MACN-In 42,370, 54° 11" S-58° 19' W 95 m MACN-
In42371, 54° 30" S-59° 52' W 109 m MACN-In42372, 54°
37" S-61° 9" W 202 m MACN-In42373, 54° 28’ S-59° 13’
W 128 m MACN-In42374, 54° 32" S-61° 26’ W 125 m
MACN-In42375, 54° 35’ S-58° 38" W 140 m MACN-
In42376, 54° 36" S-62° 51' W 608 m MACN-In42377, 54°
24’ S-58° 28" W 95 m MACN-In42378, 55° 6’ S—-65° 44’
W 263 m MACN-In42379, 54° 52’ S-64° 16’ W 151 m
MACN-In42380, 54° 39" S-63° 49" W 143 m MACN-
In42381, 54° 24’ S-62° 49' W 483 m MACN-In42382, 54°
26" S-58° 32" W 138 m MACN-In42383, 54° 26’ S-59°
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Fig.2 Crinoids of Argentina.

a Female of Isometra vivipara
with cystidean and pentacri-
noids attached in the cirri; b
oral view of female genital
pinnules, with marsupium and
larva emerging (arrow); ¢ detail
of b showing the marsupium
and larva emerging (arrow); d
aboral view of female genital
pinnules showing, widened
third and fourth segments (sg); e
lateral view of male genital pin-
nules showing gradual widening
of the segments (sg); f Female
of Phrixometra nutrix with cys-
tidean and pentacrinoids in the
genital pinnule; g lateral view
of female genital pinnules with
two pentacrinoids (p); g lateral
view of male genital pinnules.
Scale bars a, ¢, g, h 1 mm; b, d,
e, f2 mm

30" W 91 m MACN-In42384, 53° 40’ S-61° 38' W 642 m
MACN-In42385, 53° 34’ S—63° 58' W 263 m MACN-
In42386, 53°34' S—62° 58' W 516 m MACN-In42387, 53°
49" S—-61° 28" W 209 m MACN-In42388, 53° 49’ S-61°
19" W 197 m MACN-In42389, 54° 39" S—63° 49" W 143 m
MACN-In42390.

Type locality: Marine Protected Area Namuncura/Burd-
wood Bank (MPA N/BB) (52° 29" S-60° 36’ W) and Ant-
arctic station 58, 197 m.

Geographic range: In South America, from off SW
Chile to Cape Horn in the Pacific, and in the Atlantic, from
33° S off the southern tip of Brazil to the south of Argentina,

@ Springer

including Marine Protected Area Namuncurd/Burdwood
Bank and Tierra del Fuego. In Antarctica, reported for the
northwest area of the Weddell Sea (Bohn 2009).

Bathymetric range: From 79 to 845 m (Speel and
Dearborn 1983).

Reproduction

In this study, we found sperm inside the females’ ovaries. In
general, they are found in the center of the ovary, surrounded
by oocytes. We observed a possible connection between the
ambulacral groove and the ovary, where sperm could have
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access (Fig. 3a). According to these observations, fertili-
zation occurs within the ovary. Isometra vivipara exhibits
secondary sexual dimorphism: the third and fourth segments
of the genital pinnules in females are greatly expanded,
whereas in males, the broadening of the segments is weaker
and gradually tapered distally (Fig. 2d, e) (Mortensen 1918;
Pertossi et al. 2019).

Fig.3 a, b Microscope images of a longitudinal section of female
genital pinnules. a Isometra vivipara; b Phrixometra nutrix; abbre-
viations: aboral (a), oral (0), ovary (ov), spermatozoa (sz), marsupium
(m), ambulacral groove (ag) membrane which separates the ovary and

Remarks 2 s of Isometra vivipara attain a size of 49 mm
long. This species shows two stages of brooding. The first
stage takes place in the brood pouches and involves doli-
olaria larvae that have three perpendicular ciliated bands
and two depressions (adhesive pit and vestibule). Also, the
doliolaria was covered by eight well-differentiated plaques
on both sides (see Fig. 5 of Pertossi et al. 2019). The second
stage occurs on the cirri of the mother and involves two

marsupium (arrow); oocytes (oc), embryo (em); ¢ details of female
genital pinnules of Phrixometra nutrix with oocytes (oc), embryo
(em). Scale bars a 0.5 mm; b, ¢ 200 pm

@ Springer
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developmental stages, the cystidean and pentacrinoid larvae
(also sometimes called postlarvae) that precede the juvenile
stage when the stalk detaches. The cystidean has a globular
head composed of oral plates, basal plates, a stalk, and an
attachment disk. In the pentacrinoid, which remains attached
by its stalk to the female’s cirri, the arms separate from the
head, and radial and brachial plates appear (Clark and Clark
1967, see Fig. 6 and 7 of Pertossi et al. 2019).

" *hymetrinae A. H. Clark, 1909a

Yemarks: The diagnosis of the subfamily in Hess and Mess-
ing (2011) incorporates a wide range of variation, e.g., cirri
“crowded or not, in alternating, irregular rows with tendency
to form as many as 30 columns in some species,” and not
enough molecular data is available to determine whether the
subfamily is a monophyletic clade, or not.

Phrixometra A. H. Clark, 1921

Remarks: Phrixometra currently includes three species: P.
nutrix from Uruguay to Antarctic; P. longipinna (Carpenter,
1888) off the coast of Uruguay; P. exigua (Carpenter, 1888)
off Marion Island and P. rayneri John, 1938 Shag Rocks.

Phrixometra nutrix (Mortensen, 1918) (Fig. 2f, g, h).

Thaumatometra nutrix Mortensen, 1918: 15, 16, 17,
18; A. H. Clark 1923: 43, 56; Gislén 1924:28, 195; A. H.
Clarck 1937: 5, 6, 8; John 1937: 86, 87, 88; Cuénot 1948:
55; Dawidoff 1948: 353.

Phrixometra nutrix John, 1938: 123, 125, 126, 128,129,
132, 170, 171, 172; Hyman 1955: 69, 75; Marr1963: 339,
342,345, 349, 359; Clark and Clark 1967: 8, 548, 661, 665,
836; Speel and Dearborn 1983: 3, 5, 6, 7, 9, 10, 17, 50,
52; Messing 1984: 88, Holland 1991; 286, 287; Pearse and
Bosch 1994: 10; McEdward and Miner 2001: 1157; Haig
and Rouse 2008; 466, 467, 468; Bohn 2009: 795, 798;
Mironov and Pawson-2010: 50; Solis-Marin et al. 2013:
367; Eléaume etal. 2014: 210, 211; Souto et al. 2014: 279;
Clouse et al. 2015: 4; Pandia 2018: 56; Hasan et al. 2019: 4,
18; Pertossi et al. 2019: 812, 815.

Diagnosis (modified from Clark and Clark 1967): A spe-
cies of Phrixometra with about 45 cirri, with less than 18
segments; P1 has about 14 segments; P3 is usually the first
genital pinnule and is similar in length and number of seg-
ments to P1.

Examined material: 38° 51’ S—55° 35’ W 145 m MACN-
In39870, 38° 51" S-55° 35" W 140 m MACN-In43242, 38°
51" S-55° 34" W 140 m MACN-In43243, 61° 49.6' S-57°
34.4" W 210 m MACN-In43244, 37° 58’ S-55° 12.73' W
201 m MACN-In43245, 54° 27' S—60° 58' W 100 m MACN-
In43246, 53° 49’ S—-61° 28' W 209 m MACN-In43247, 54°
36’ S61° 30" W 294 m MACN-In43248, 54° 51’ S-63° 52’
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W 330 m MACN-In43249, 55° 6’ S—60° 41.9 ' W 122 m
MACN-In43250, 54° 49" S—63° 45.91' W 278 m MACN-
In43251, 59° 26’ S-59° 30’ W 91 m MACN-In43252, 54°
5"S-60° 53’ W 132 m MACN-In43253, 53° 31' S-63°2' W
512 m MACN-In43254.

Type locality: To the northwestern side of the Marine
Protected Area Namuncurd/Burdwood Bank (MPA N/BB)
(53°41' S-61° 10" W).

Geographic range: In South America, from the Magel-
lanic Region, in the Pacific, to the Marine Protected Area
Namuncurd/Burdwood Bank in the Atlantic. Also occurs
around Antarctica, including the Antarctic Peninsula and
near islands, i.e., South Shetlands and South Orkneys (Speel
and Dearborn 1983). Herein, we expand the distribution to
the north, near the Mar del Plata Submarine Canyon area
(38° 51" S-55° 35" W, MACN-In38970).

Bathymetric range: From 91 to 512 m. The previous
report was from 150 to 200 m (Clark and Clark 1967),
extended herein:

Reproduction

We found accumulated eggs (up to 200 pm) on the outside of
the marsupium in.some specimens (Fig. 4a, b) and a cleaved
egg attached to a genitals pinnule (up to 234 um) in one
specimen (Fig. 3b, c). We found no fertilized oocytes inside
the genital pinnule. For males, the external morphology is
similar to the females, and spermatozoa consist of a spheri-
cal head (up to 4 pm) and free flagellum shown here for
the first time in SEM images of the male genital pinnule
(Fig. 4a, b).

Remarks Ph metra nutrix reaches an arm length of
26.8 mm. This species shows only one stage of brooding
inside of a pocket-like groove (marsupium) on the side of
the genital pinnule. The offspring do not leave the marsu-
pium when the doliolaria is ready to metamorphose into a
cystidean and then to a pentacrinoid; only the cystidean head
and the upper part of the pentacrinoid stalk extend out of the
opening of the marsupium; they still use the marsupium as
the substratum (Mortensen 1918). Also, P. nutrix exhibits
no secondary sexual dimorphism (Fig. 2g, h).

Discussion

Few taxonomists and researchers currently focus on cri-
noids, and those who study other echinoderm classes tend
to publish little about crinoids (Messing 1977). However,
Mortensen, who was an expert on multiple groups of echi-
noderms, was the first to record several features of the two
species of crinoids from Argentina (Mortensen 1917, 1918,
1920). For Isometra vivipara and Phrixometra nutrix, all
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Fig.4 Genital pinnule of
Phrixometra nutrix without
treating. a with aboral (a), oral
(0), marsupium (m) with eggs
(arrow); b details of marsupium
(m) and eggs (arrow). Scale bars
2 0.5 mm, b 0.2 mm

the information related to their reproduction (Andersson
1904; Mortensen 1917, 1918, 1920; Clark and Clark 1967;
Pertossi et al. 2019) has been confirmed here (with the
exception of the means by which sperm enter the ovary of
L. vivipara). These features contribute to distinguish these
species along with the morphological characters presented in
Table 1. These differences are important for taxonomic pur-
poses and have been indicated as important in phylogenetic
studies too, in other groups of echinoderms (Bohn and Hef3

2014, Martinez et al. 2020). This information could help in
comatulid studies, taking into account the difficulties associ-
ated with species identifications in this group (Eléaume et al.
2014, Messing 1977).

Little evidence exists about how sperm get inside the
genital pinnules of brooding female feather stars (Holland
1976). Previous reports show that /. vivipara sperm can be
found within the ovary (Andersson 1904; Mortensen 1918)
and in the marsupium (Andersson 1904), which suggests

Table 1© Comparison establishes between Isometra vivipara and Phrixometra nutrix, based on morphological and reproductive characteristics.
*Feather starsize measurements were taken from the tip of an arm to the centrodorsal

Species Sexual dimorphism  Brooding stages Larger N°ofcirri N°seg- PlandP2 First
size* ments P1 genital
(mm) pinnule
Isometra vivipara Secondary Two stages: inside the 49 2643 14 P1 longer than P2 P5
brood pouches and
attached to the cirri of
the mother
Phrixometra nutrix ~ None One stage: in the female 26.8 45 14 Similar in length P3

genital pinnules until the
juvenile stage is attained

@ Springer
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that spermatozoa reach the ovary through the marsupium
(Andersson 1904; Holland 1976). Here, we propose that
spermatozoa could also get inside the ovary via a possible
connection between the base of the ambulacral groove and
the lumen of the ovary (Fig. 3a). Haig and Rouse (2008)
noted that another brooding feather star, Aporometra wilsoni
(Bell, 1888), must exhibit internal fertilization, but that the
sites of fertilization and possible sperm storage remained
unknown. Female A. wilsoni collected sperm, possibly via
filter feeding, and either stored the sperm internally or used
the sperm to fertilize eggs as they were collected. Internal
fertilization followed by brooding also occurs in several
other crinoids (Mortensen 1920; Holland 1991), such as
Comatilia iridometriformis A.H. Clark, 1909b, Phrixome-
tra spp., and Notocrinus spp., although the means of entry
of sperm into the genital pinnule and the fertilization pro-
cess remains a mystery (Messing 1984; Haig and Rouse
2008; Haig et al. 2012). For P. nutrix, we observed for the
first time, as far as we know, a cleaved egg attached to the
genital pinnule, although we found no fertilized oocytes
inside the genital pinnules (Fig. 3b). The same occurs
Dorometra sesokonis Obuchi, Kogo & Fujita, 2009 and
Antedon bifida (Pennant, 1777) (Lahaye and Jangoux 1985;
Obuchi et al. 2010). The embryos pass from the ovary into
the marsupium, which is a pocket-like groove on the side
of the genital pinnule, and are fertilized there (Mortensen
1918). We report here for the first time that P. nutrix sperm
has a spherical head (up to 4 pm) and free flagellum(Fig: Sa,
b). Although Franzen (1956) and Hodgson et al.(2009) pro-
posed a correlation between sperm shape and method of
fertilization, e.g., the spherical head with.external fertiliza-
tion, in which shed eggs and sperm are released into the sea-
water, Holland (1991) and Haig and Rouse (2008) pointed
out inconsistencies between sperm shape and fertilization
method in other feather stars,e.g:, a sperm shape character-
istic of external fertilizers.in the brooding species Aporome-
tra wilsoni (Haig and Rouse 2008), Phrixometra longipinna
(Carpenter, 1888), and. Eumorphometra marri John, 1938
(John 1939). Although P. nutrix is a brooding species, the
fact that its sperm do not cross any membrane to fertilize
eggs may.-eliminate possible selection for any specialized
morphology, as is the case with I. vivipara (Holland 1976;
Pertossi etal. 2019). Several Antedon species, although these
are external brooders, have sperm that is “arguably” of the
primitive type, characteristic of external fertilization (Haig
and Rouse 2008). So, this is similar to the case of P. nutrix.
Crinoids have seven distinct life stages, embryo, uniformly
ciliated larvae, auricularia, doliolaria, cystidean, pentacri-
noid, and the adult (Chia et al. 1986; Holland 1991; Balser
2002; Nakano et al. 2003). The doliolaria is a barrel-shaped
larva with four or five bands of locomotory cilia (Hendler
et al. 1995; Balser 2002). The time interval from hatching
(in free-spawning species) or larval release (in brooding

@ Springer

Fig.5 Sperm in the male gonad of Phrixometra nutrix. SEM images.
a Male gonad lumen, arrow indicates spermatozoa; b details of sperm
(arrow). Scale bars a 20 pm, b 5 pm

species) to settlement spans a wide range from hours to days
or months. The pelagic stage in Florometra serratissima
(Clark, 1907) (Mladenov and Chia 1983) lasts 2 weeks, in
Antedon serrata Clark, 1908 (Kotsuka 2001) 3 weeks, and in
Promachocrinus kerguelensis Carpenter, 1879 (McClintock
and Pearse 1987) up to 3 months. Although P. kerouelensis
reflecting maybe the widest geographical distrib ~ 'n of any
Antarctic crinoid likely consists of at least two cryptic spe-
cies, and that, although all are sympatric and circumpolar,
they exhibit variations in genetic connectivity (Mortensen
1920; Dearborn and Rommel 1969; McClintock and Pearse
1987; Hemery et al. 2012). Although the distribution of
Isometra vivipara and Phrixometra nutrix extends from
southern South America to the Scotia Arc, they may be cryp-
tic species as have been found in other crinoids (Eléaume
et al. 2014). For the Marine Protected Area Namuncur4d/Burd-
wood Bank (MPA N/BB), we found both species in gregari-
ous form but . vivipara in greater abundance (N=197) than
P. nutrix (N=23) (see Fig. 1, Table 1). The two final larval
stages (cystidean and pentacrinoid) of I. vivipara were found
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attached to several surfaces, including the cirri of the mother,
juveniles, males, and on hard substrates (Pertossi et al. 2019).
This suggests an extended free-swimming larval period,
which reflects its wider distribution, from southern Brazil
to the current study area. Conversely, P. nutrix brooding its
larvae to the juvenile stage in the genital pinnule, without
releasing doliolaria larvae, could also support the differences
observed in the distributions and abundances of both species
in MPA N/BB.

Lawrence (1987) defined brooding as the association of
embryos and juveniles with the females. For some years
now, some authors have proposed vicariance as a key factor
for the unusually high number of benthic marine inverte-
brate species in the Southern Ocean with non-pelagic devel-
opment (brooding). For class Crinoidea, one of the major
taxa in Comatulidina, in terms of extant species richness, is
Antedonidae. Most brooding species, including I. vivipara
and P. nutrix, belong in this family (Mortensen 1920; Haig
et al. 2012; Obuchi et al. 2009). The results of several stud-
ies have suggested Antedonidae as polyphyletic. Brooding
species such as Isometra spp. are structured into distinct
genetic lineages, restricted to specific areas. This could
be the result of population isolation during glacial events,
and poor recolonization potential during interglacial peri-
ods (Hemery et al. 2013; Rouse et al. 2013; Eléaume et al.
2014). Reports of parental care in various phyla in SWA
and Antarctic waters have been increasing for several years
(Gil et al. 2009; Brogger et al. 2010; Gil et al. 2011; Mar-
tinez et al. 2011; Brogger et al. 2013a; Eléaumeet al. 2014;
Berecoechea et al. 2017; Lauretta and Penchaszadeh2017;
Martinez and Penchaszadeh 2017; Rivadeneira et al. 2017,
Pérez et al. 2017; Averbuj et al. 2018; Fraysse et al. 2018:
Martinez et al. 2018; Sanchez et al. 2018; Flores et al. 2019,
Pertossi et al. 2019; Teso and Penchaszadeh 2019; Fraysse
et al. 2020; Lauretta et al. 2020; Martinez et al. 2020). Given
this, it would not be surprising to find more cases of parental
care among crinoids in the SWA. Brooding is a feature that
contributes to the identification of species. All the informa-
tion above shows that, although plenty of data exists for both
species, much remains to be learned about these species and
crinoids worldwide.
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