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From baby to adult: ontogenetic series of nine species of Ophiuroidea 
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Abstract. The post-metamorphic stage is essential in the life history of marine invertebrates. During this period, 
animals are more vulnerable and suffer high mortality, which influences the distribution and abundance of adult 
populations. It is also during this period that major morphological changes happen in the individuals, compli-
cating their taxonomic identification. The juvenile ophiuroids dominate the meiofauna in certain times of the 
year and at some places. However, they are ignored by most ecological studies due to identification difficulties. 
Here we describe the ontogeny of nine deep-sea species from the Southeast and South regions of Brazil, with 
the first record of morphological modifications for eight of them. Most organisms were collected 60 to 800 m 
deep, between December 1997, January, 1998 and March, 1998, during the REVIZEE-Score South / Benthos 
program. We also included additional material from the Zoology Museum of Unicamp (ZUEC). For descrip-
tions and identifications of the different stages, the specimens were dried and photographed. The juveniles 
were identified by “backwards” process through the growth series of adults to smaller individuals, a backwards 
method that was successful in previous studies. Some individuals were mounted on aluminum stubs for scan-
ning electron microscopy. The species were: Ophiacantha pentacrinus (Ophiacanthidae), Ophiomastus satelitae, 
Ophiomusium acuferum, Ophiomusium eburneum, Ophiomisidium tommasii, Ophiura ljungmani, Ophiura 
clemens (Ophiuridae), Amphiura complanata (Amphiuridae) and Ophiothrix rathbuni (Ophiotrichidae). Many 
species could be identified since their most juvenile stage. Some structures remain almost unaltered during the 
whole life. Rev. Biol. Trop. 63 (Suppl. 2): 361-381. Epub 2015 June 01.
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The first ontogenetic studies on post-meta-
morphic ophiuroid date back to more than one 
century ago and the progress in this area still 
slow (Stöhr, 2005). Due to difficulty in identi-
fying juvenile stages, the first studies focused 
on knowingly brooding species, particularly 
Amphipholis squamata (Delle Chiaje, 1828), 
which has circumtropical distribution and incu-
bates juveniles almost the whole year (Fell, 
1946; Stöhr, 2005). Regarding non-brooding 
species, more than 30 had their post-larval 
stages described, most of them from the North 
Atlantic (Schoener, 1967; Schoener, 1969; 
Hendler, 1978; Bartsch, 1985; Turner & Miller, 
1988; Sumida, Tyler, Gage & Nørrevang, 1998; 
Stöhr, 2005).

The morphological structures in the juve-
niles of many ophiuroids species differ from 
those in adults (Tommasi, 1970). Studies about 
ophiuroid post-larval development and growth 
series showed several structures that enable the 
identification of some species, even in early life 
stages (Schoener 1967, 1969; Turner & Miller, 
1988; Monteiro, Reis & Pardo, 1992; Sumida 
et al., 1998; Stöhr, 2005). The external mor-
phological features have few or no taxonomic 
value if the growth stage of the animal in par-
ticular is not mentioned (Stöhr, 2012).

The juvenile stages of ophiuroids domi-
nate the composition of the meiofauna in cer-
tain times of the year (Stöhr, 2005). However, 
they are often ignored in ecological studies due 
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to difficulties in identifying these animals. For 
this reason, the description of juvenile stages 
shows itself essential to studies concerning 
about population dynamics, faunal composition 
and reproductive biology.

Additionally, the study of post-larval stag-
es in different groups has been considered 
of great relevance in the resolution of phylo-
genetic problems (Schoener, 1967; Sumida 
et al., 1998). Hendler (1988) mentioned that 
the ontogenesis of homologous structures in 
post-larval ophiuroids may be useful to define 
phylogenetic and systematic relations between 
taxonomic groups, especially those which are 
more related.

Usually, the dorsal disc coverage is con-
stituted entirely of primary plates at young 
individuals and small plates grow among these, 
increasing in number and size, complicat-
ing the identification of the primary plates 
in adults. Nevertheless, in some species, the 
primary plates remain evident during the indi-
vidual’s entire life, and they may even present 
different types of coloration (Tommasi, 1970; 
Monteiro, 1987; Stöhr, 2005). 

The purpose of this study is to provide 
accurate descriptions of the juvenile stages 
of species traditionally known and identified   
from adults through external morphological 
character. Adults and juveniles of different 
sizes belonging to nine subtidal species from 
the Southeast and South from Brazil were ana-
lyzed, whereas eight of them are the first record 
of ontogenetic development in literature. Such 
isn’t the case of Ophiura ljungmani, which has 
already been previously described (Schoener, 
1967, 1969; Sumida et al., 1998) however it 
is analyzed here due to the large amount of 
sampled material.

MATERIAL AND METHODS

Most of the juveniles and adults of Ophiu-
roidea were collected by the REVIZEE-Score 
Sul/Bentos Programme, at depths between 60 
and 800 m, during December 1997, Janu-
ary 1998 (Rio de Janeiro and São Paulo) and 
March 1998 (Paraná, Santa Catarina and Rio 

Grande do Sul). Samples were initially pre-
served in 6 % formalin and transferred to 70 
% ethanol. 

The species were chosen based on the 
relative abundance of different growth stag-
es and individuals. Additional material from 
the Zoology Museum of UNICAMP (ZUEC) 
was also included in this study. Nine dif-
ferent juveniles ophiuroids are described 
in the present work: Ophiacantha pentac-
rinus (Ophiacanthidae), Ophiomastus sateli-
tae, Ophiomusium acuferum, Ophiomusium 
eburneum, Ophiomisidium tommasii, Ophiura 
ljungmani, Ophiura clemens (Ophiuridae), 
Amphiura complanata (Amphiuridae) and 
Ophiothrix rathbuni (Ophiotrichidae).

Juveniles were identified by tracing char-
acters backwards through growth series from 
adults to smallest individuals (Schoener, 1967, 
1969; Sumida et al., 1998; Stöhr, 2005). All 
species were air-dried and then identified. We 
analyzed 4 217 individuals, which four indi-
viduals (of different sizes) were selected for 
description of the growth series. Some entire 
specimens were set on aluminum stubs for 
scanning electron microscopy model (SEM) 
model JEOL JSM5800LV. We are showing 
images of adult individuals of each species, 
as well all the specimens used to analyze the 
growth series.

The term juvenile is here used for young 
animals after completion of metamorphosis 
until the development of adult characters. 
Some studies use the term “postlarvae” for 
specimens with disc diameter less than 2 mm 
(Webb & Tyler, 1985). However, few speci-
mens of this size were analyzed, so for that 
reason, we prefer to use the term “juveniles”. 
Disc diameter (dd) has been measured from 
the edge of an inter-radius across the dorsal 
disc surface to the edge of the opposite radius 
(distal edge of the radial shields). The number 
of arm segments was counted from the first 
“true” segment (containing a regular vertebrae 
and lateral plates), to the distal most segment 
before the terminal plate. The term primary 
rosette refers to the central primary plate and 
the five radial primary plates on the dorsal disc. 
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The terminology and abbreviations used follow 
Sumida et al. (1998) and Stöhr (2005). 

RESULTS

Growth Series

OPHIACANTHIDAE
Ophiacantha pentacrinus Lütken, 1869 

(Figs. 1 - 5)

Adult - Fig. 1
Material examined: 153 ex.
Specimens selected for description: 7.14 

mm (ZUEC OPH 834); 4.95 mm (ZUEC OPH 
835); 3.55 mm, 2.36 mm (ZUEC OPH 833). 

In the two largest specimens (7.14 mm 
and 4.95 mm dd) the radial shields are com-
pletely separated (Fig. 2 A, B); while in the 
two smallest individuals these shields are joint 

posteriorly (Fig. 2 C, D). Spinelets are more 
numerous and robust in the three largest speci-
mens (Fig. 3 A - C) than in the smallest (Fig. 
3 D). Ventral interradius is covered with scales 
and few spinelets tapering in the two largest 
specimens, while in the two smallest specimens 
this section is fully covered by bifid or trifids 
spinelets. The arrangement of the oral papil-
lae is similar in individuals of different sizes, 
except for the presence of four oral papillae in 
some jaws of the largest specimens (Fig. 4). 
In largest individuals (with 7.14 and 4.95 mm 
dd), dorsal arm plates fan-shaped and some 
diamond-shaped; smallest specimens with dor-
sal arm plates diamond. Ventral arm plate 
sub-pentagonal in the two largest specimens 
(Fig. 5 A, B), in the smallest individuals this 
plate is rounded (Fig. 5 C, D). The two largest 
specimens has seven arm spines on basal and 
medial segments; 3.55 mm dd with five, and 
2.36 mm dd, four.

OPHIURIDAE
Ophiomastus satelitae 

Tommasi & Abreu, 1974
(Figs. 6 - 8)

Adult - Fig. 6
Material examined: 15 ex.
Specimens selected for description: 5.12 

mm, 4.65 mm (ZUEC OPH 864): 3.28 mm, 
1.89 mm (ZUEC OPH 862).

Specimens with 5.12 mm and 4.65 mm dd 
have the disc flattened while the two smallest 

Fig. 1. Ophiacantha pentacrinus: (A) dorsal view. (B) 
ventral view (scale bar: 1 mm).

Fig. 2. Ophiacantha pentacrinus: partial view of dorsal disc, in detail radial shields (A) dd = 7.14 mm; (B) dd = 4.95 mm; 
(C) dd = 3.55 mm; (D) dd = 2.36 mm. RS – radial shield: (scale bar: 300 µm).
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individuals have thicker disc. The three largest 
specimens have the disc covered with larger 
scales alternating with smaller ones, the pri-
mary and centrodorsal scales are evident (Fig. 
7 A - C). In the smallest specimen (1.89 mm 
dd), the only evident plates are those form the 
primary rosette and the “primary” radial shields 

(Fig. 7 D). The ventral interradius portions of 
the largest specimen (5.12 mm dd) are covered 
by five disc plates and well developed genital 
plates, whereas the specimen with 4.65 mm 
dd has only three or four disc plates (Fig. 8 
B), the 3.28 mm specimen, with a single plate 
(Fig. 8 C) and the smallest specimen this whole 

Fig. 3. Ophiacantha pentacrinus: partial view of dorsal disc, in detail spines: (A) dd = 7.14 mm; (B) dd = 4.95 mm; (C) dd 
= 3.55 mm; (D) dd = 2.36 mm (scale bar: 300 µm).

Fig. 4. Ophiacantha pentacrinus: partial view of ventral disc, in detail oral papillae: (A) dd = 7.14 mm; (B) dd = 4.95 mm; 
(C) dd = 2.36 mm (scale bar: 300 µm).
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Fig. 6. Ophiomastus satelitae: (A) dorsal view. (B) ventral view (scale bar: 1 mm).

Fig. 5. Ophiacantha pentacrinus: partial view of ventral arm, in detail ventral arm plates (A) dd = 7.14 mm; (B) dd = 4.95 
mm; (C) dd = 3.55 mm; (D) dd = 2.36 mm. VAP - ventral arm plate; TS - tentacular scale (scale bar: 300 µm).

Fig. 7. Ophiomastus satelitae: partial view of dorsal disc, in detail plates and radial shields (A) dd = 5.12 mm; (B) dd = 4.65 
mm; (C) dd = 3.28 mm; (D) dd = 1.89 mm. RS - radial shield: (scale bar: 300 µm).

Fig. 8. Ophiomastus satelitae: partial view of ventral disc, in detail plates, oral and adoral shields and oral papillae: (A) 
dd = 5.12 mm; (B) dd = 4.65 mm; (C) dd = 3.28 mm; (D) dd = 1.89 mm. OS - oral shield, ADS - adoral shield, OP - oral 
papillae (scale bar: 300 µm).
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portion is only covered by the oral and adoral 
shields (Fig. 8 D). In the largest specimen, with 
5.12 mm dd, the oral shields have mild lateral 
recesses (Fig. 8 A), which are not observed in 
the smallest (Fig. 8 B - D). The three largest 
specimens have three oral papillae (Fig. 8 A - 
C) while the smallest only has two (Fig. 8 D). 
The dorsal arm plates are present until the 12th 
arm segment in the largest individuals (5.12 
mm and 4.65 mm dd), while in the 3.28 mm dd 
until the eight-arm segment and until the third 
in the smallest specimen.

Ophiomisidium tommasii 
Borges, Monteiro & Amaral, 2006

(Figs. 9 - 12)

Adult - Fig. 9
Material examined: 2232 ex.
Specimens selected for description: 4.32 

mm, 3.23 mm, 2.46 mm (ZUEC OPH 681); 
1.25 mm (ZUEC OPH 679).

This species broods its young in the bur-
sae and often the juveniles arms could be seen 
through the oral opening. The smallest embryo 

Fig. 10. Ophiomisidium tommasii: partial view of dorsal disc and arm, in detail radial shields (A) dd = 4.32 mm; (B, C) dd 
= 3.23 mm; (D, E) dd = 2.46 mm; (F) dd = 1.25mm. RS - radial shield (scale bar: 300 µm).

Fig. 9. Ophiomisidium tommasii: (A) dorsal view. (B) ventral view (scale bar: 1 mm).
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found inside in an adult was already quite 
well developed with 0.8mm dd and with three 
arm segments.

The three largest individuals have dorsal 
disc covered by primary rosette with swol-
len plates and radial shields (Fig. 9A, Fig. 10 
A - E). The smallest individual has its disc 
covered only by the primary rosette (Fig. 10 F) 
and the radial shields not yet formed. With the 
development, the plate that separates different 
pairs of radial shields becomes more evident on 
the dorsal surface. The three largest specimens 
show the ventral interradius covered by one 
plate which extends to the dorsal surface of the 
disc, the side plates of the first arm segment 

and the oral and adoral shields (Fig. 11 A - C); 
the specimen that has 1.25 mm dd presents only 
two elongated and rectangular plates in ventral 
interradius, while the oral and adoral shields 
are not yet formed (Fig. 11 D, E). The speci-
men with 2.46 mm dd, the oral shield is quite 
reduced. The three largest specimens with three 
oral papillae on each side of the jaw (Fig. 12 
A - C); at the specimen 1.25 mm dd, the papil-
lae are undeveloped, and cannot be delimited 
from each other (Fig. 12 D). In addition the 
later specimens presents the dorsal arm plate 
until the ninth or tenth segment and the ventral 
arm plate until the fifth or sixth. The specimen 
with 1.25 mm dd has the dorsal arm plate until 

Fig. 12. Ophiomisidium tommasii: partial view of ventral disc, in detail oral papillae. (A) dd = 4.32 mm; (B) dd = 3.23 mm; 
(C) dd = 2.46 mm; (D) dd = 1.25 mm. OP - oral papillae. Scale bar: (D) 50 µm; (C) 150 µm; (A, B) 200 µm.

Fig. 11. Ophiomisidium tommasii: 
partial view of ventral disc, in detail 
oral and adoral shields. (A) dd = 4.32 
mm; (B) dd = 3.23 mm; (C) dd = 2.46 
mm; (D, E) dd = 1.25 mm. OS - oral 
shield, ADS - adoral shield. Scale bar: 
(A - D) 300 µm (E) 150 µm.
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radial shields joined in a distal median point 
and separated previously by one or two trian-
gular plates (Fig. 14 B - D). The specimen with 
2.90 mm dd has some radial shields touching 
on the dorsal interradius (Fig. 14 D). The speci-
men with 8.19 mm dd, the ventral interradius 
is covered by well-developed genital plate and 
a large plate and oral shield, further four small 
plates interspersed. The three smallest speci-
mens lacks the small plates inserted. Four or 
five oral papillae in the largest specimens (Fig. 
15 A - C); and three in the smallest specimens 
(Fig. 15 D, E). The ventral arm plates are pres-
ent until the fourth or fifth segment in the two 
largest individuals, and until the second seg-
ment in the two smallest individuals. The three 
largest specimens have three or four arm spines 
on basal segment and two in the posterior seg-
ments, at 2.90 mm dd, there is two arm spines.

Ophiomusium eburneum Lyman, 1869
(Figs. 16 - 19)

Adult - Fig. 16
Material examined: 39 ex.
Specimens selected for description: 11.21 

mm, 6.63 mm, 4.31 mm, 2.73 mm (ZUEC 
OPH 847).

The primary plates and centrodorsal plates 
are not very evident, except in the smallest 
specimens. The largest individual with 11.21 
mm dd is covered by round, small and irregu-
larly arranged scales on the dorsal disc. At 6.63 
mm dd, the dorsal plates are smaller and more 

Fig. 13. Ophiomusium acuferum: (A) dorsal view. (B) 
ventral view (scale bar: 1 mm).

Fig. 14. Ophiomusium acuferum: partial view of dorsal disc, in detail radial shields (A) dd = 8.19 mm; (B) dd = 6.01 mm; 
(C) dd = 3.88 mm; (D) dd = 2.90 mm. RS - radial shield: (scale bar: 300 µm).

the sixth segment and the ventral arm plate 
are present until the third segment. The larg-
est specimens with one small arm spine in the 
three basal segments and two in the posterior; 
at 1.25 mm dd has only one spine across all 
segments.

Ophiomusium acuferum Lyman, 1875
(Figs. 13 - 15)

Adult - Fig. 13
Material examined: 874 ex.
Specimens selected for description: 8.19 

mm, 6.01 mm (ZUEC OPH 630); 3.88 mm, 
2.90 mm (ZUEC OPH 626).

In the largest specimen, the radial shields 
completely separated by three plates (Fig. 13 
A, Fig. 14 A), the distal plate is larger and 
higher; each pair of radial shields is also sepa-
rated from the other pair by two or three plates. 
While the three smallest individuals has the 
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imbricated; primary plates and centrodorsal 
evident. At 4.31 mm dd, dorsal disc covered by 
the primary plates, very evident, interspersed 
with small plates; centrodorsal round. The 
specimen with 2.73 mm dd, primary plates 
occupy almost the whole disc, with a few small 

plates between them. The two largest individu-
als have radial shields longer than wide, fully 
separated by three to four small plates (Fig. 16 
A, Fig. 17 A). At 4.31 mm dd, the radial shields 
are very close at one point in the middle por-
tion, previously separated by a small triangular 
plate and posteriorly by a triangular plate that 
joins to first dorsal arm plate (Fig. 17 B); at 
2.73 mm dd, the radial shields are united across 
the median-posterior area and previously sepa-
rated by a triangular plate (Fig. 17 C). The 
largest specimen with 11.21 mm dd have ven-
tral interradius with about ten circular plates, 
slightly elevated; at 6.63 mm dd, about five 
small elevated plates, at 4.31 mm dd, three and 
the smallest individual with only two plates. 
The three largest specimens have five contigu-
ous oral papillae on each side of the jaw (Fig. 
18 A - C); at 2.73 mm dd, four (Fig. 18 D). The 
largest individual with the first dorsal arm plate 

Fig. 15. Ophiomusium acuferum: 
partial view of ventral disc, in detail 
oral papillae, oral and adoral shields. 
(A) dd = 8.19 mm; (B,C) dd = 6.01 
mm; (D) dd = 3.88 mm; (E) dd = 2.90 
mm. OS - oral shield; ADS - adoral 
shield; OP - oral papillae (scale bar: 
300 µm).

Fig. 16. Ophiomusium eburneum: (A) dorsal view. (B) 
ventral view (scale bar: 1 mm).

Fig. 17. Ophiomusium eburneum: partial view of dorsal disc and arm, in detail radial shields. (A) dd = 11.21 mm (B) dd = 
6.63 mm; (C) dd = 4.31 mm; (D) dd = 2.73 mm. Scale bar: 300 µm.
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segment (Fig. 19 A), decreasing in size until 
the end of the arm; at smallest until second or 
third (Fig. 19 B, C).

Ophiura ljungmani (Lyman, 1878)
(Figs. 20 - 23)

Adult - Fig. 20
Material examined: 164 ex.
Specimens selected for description: 9.48 

mm, 6.83 mm (ZUEC OPH 791); 3.74 mm, 
2.45 mm (ZUEC OPH 810).

At 9.48 mm dd, individual with character-
istics of an adult, is evident only a centrodorsal 
scale. In smallest specimens with 2.45 mm 
dd, the primary scales are still distinguishable. 
Radial shields completely separated at two 
largest specimens (Fig. 21 A - C), with about 
ten scales between them in the individual with 
9.48 mm dd and five at 6.83 mm dd. At 3.74 
mm and 2.45 mm dd, these shields are united 
distally and separated at anterior portion by one 
to three scales, respectively (Fig. 21 D - F). The 
number of scales between each pair of radial 
shields increases with the size of the individual. 
Oral shields well developed in all specimens; in 
the two largest individuals this shields occupy 
almost half of the ventral interradius (Fig. 20 

Fig. 18. Ophiomusium eburneum: partial view of ventral disc, in detail oral papillae. (A) dd = 11.21 mm; (B, C) dd = 6.63 
mm; (D) dd = 4.31 mm; (E) dd = 2.73 mm (scale bar: 300 µm).

pentagonal, posterior plates diamond-shaped 
and small (Fig. 17 A); at 6.63 mm dd, the first 
dorsal arm plate rectangular, second pentagonal 
and posterior plates diamond-shaped (Fig. 17 
A); at 4.31 mm, the first semi-pentagonal and 
posterior plates diamond-shaped (Fig. 17 B); 
smallest specimen with all dorsal arm plates 
diamond-shaped, the first slightly larger (Fig. 
17 C). Two largest specimens with lateral 
arm plates dorsally separated in the two basal 
arm segments; smallest individuals with lateral 
arm plates dorsally separated only at first arm 
segment. Two largest specimens with ven-
tral arm plates present until the fifth or sixth 

Fig. 19. Ophiomusium eburneum: first ventral arms segments. (A) dd = 6.63 mm; (B) dd = 4.31 mm; (C) dd = 2.73 mm 
(scale bar: 300 µm).

Fig. 20. Ophiura ljungmani: (A) dorsal view. (B) ventral 
view (scale bar: 1 mm).
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Fig. 21. Ophiura ljungmani: partial view of dorsal disc, in detail radial shields and arm comb: (A) dd = 9.48 mm; (B,C) dd 
= 6.83 mm; (D) dd = 3.74 mm; (E,F) dd = 2.45 mm. AC - arm comb; RS - radial shield (scale bar: 300 µm).

Fig. 22. Ophiura ljungmani: partial view of ventral disc, in detail oral papillae and oral tentacular pore: (A) dd = 9.48 mm; 
(B) dd = 6.83 mm; (C) dd = 3.74 mm; (D) dd = 2.45 mm. AP - apical papillae; OP - oral papillae; OS - oral shield; OTP 
- oral tentacular pore (scale bar: 300 µm).

Fig. 23. Ophiura ljungmani: partial view of ventral arm, in detail tentacular pore and arm comb: (A) dd = 9.48 mm; (B) dd 
= 6.83 mm; (C) dd = 3.74 mm (scale bar: 300 µm).
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B), at smallest specimens, they occupy the 
whole interradius (Fig. 22 C, D). The two larg-
est individuals have four oral papillae on each 
side of the jaw; one or two apical papillae (Fig. 
22 A, B); at two smallest specimens with four 
to five oral papillae and one apical (Fig. 22 C, 
D). At 9.48 mm dd, the oral tentacular pore 
has 10 - 12 scales (Fig. 22 A); at 6.83 mm dd 
about eight scales (Fig. 22 B); at 3.74 mm dd, 
about five (Fig. 22 C) and the smallest speci-
men, there are three to four (Fig. 22 D). The 
two largest individuals have broad tentacular 
arm pore at three basal arm segments (Fig. 23 
A, B), first with seven scales, second with five 
and third with three, reducing to one scale in 
subsequent segments. At 3.74 mm dd has four 
to five scales at first tentacular arm pore, two 
at second and from the third, one scale (Fig. 23 
C); at 2.45 mm dd with two scales on first arm 
pore and from the second one (Fig. 22 D).

Ophiura clemens (Koehler, 1904) 
(Figs. 24 - 28)

Adult - Fig. 24
Material examined: 617 ex.
Specimens selected for description: 7.85 

mm (ZUEC OPH 854); 5.76 mm, 4.83 mm, 
3.27 mm (ZUEC OPH 866).

The largest specimen with radial shields 
united in the median portion and previously 

Fig. 24. Ophiura clemens: (A) dorsal view. (B) ventral 
view (scale bar: 1 mm).

separated by a small triangular scale and a 
large sub-lozenge, at the posterior region by a 
triangular scale (Fig. 25 A, B); at three smallest 
individuals, these shields are separated in the 
proximal region only by diamond scale, and 
there is not the triangular scale separating them 
distally (Fig. 25 C - E). In the two largest indi-
viduals, there are about eight scales between 
each pair of radial shields (Fig. 26 A, B); at 
4.83 mm dd there are three to four scales (Fig. 
26 C) and at 3.27 mm dd, two (Fig. 25 E). Larg-
est specimen with about ten scales covering 
the second oral tentacle pore (Fig. 27 A, B); at 
5.76 mm and 4.83 mm dd, seven to eight scales 
(Fig. 27 C, D) and the smallest specimen with 
four (Fig. 27 E). In the two largest individuals, 
first arm segment with large pore covered for 
approximately six to eight tentacular scales, 

Fig. 25. Ophiura clemens: partial 
view of dorsal disc, in detail 
radial shields and arm comb. (A, 
B) dd = 7.85 mm; (C) dd = 5.76 
mm; (D) dd = 4.83 mm; (E) 3.27 
mm. AC - arm comb: RS - radial 
shields (scale bar: 300 µm).
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the second with five scales (Fig. 28 A, C) and 
third with three (Fig. 28 B, D); at 4.83 mm dd, 
the first tentacular arm pore with six scales, the 
second with three (Fig. 28 E, F) and the third 
with two (Fig. 28 G); at 3.27 mm dd there are 
two scales on first arm pore and from second, 
one (Fig. 28 H, I). The smallest individual with 
a very little arm comb (Fig. 25 E).

AMPHIURIDAE
Amphiura complanata Ljungman, 1867

(Figs. 29 - 32)

Adult - Fig. 29
Material examined: 19 ex.
Specimens selected for description: 11.57 

mm (ZUEC OPH 785); 9 mm (ZUEC OPH 

Fig. 26. Ophiura clemens: dorsal view of dorsal disc, in detail plates and radial shields. (A) dd = 7.85 mm; (B) dd = 5.7 
6mm; (C) dd = 4.83 mm. RS - radial shield: (scale bar: 300 µm).

Fig. 27. Ophiura clemens: partial view of ventral disc, in detail oral tentacular pore: (A, B) dd = 7.85 mm; (C) dd = 5.76 
mm; (D) dd = 4.83 mm; (E) dd = 3.27 mm. ADS - adoral shield; OP - oral papillae; OS - oral shield; OTP - oral tentacular 
pore (scale bar: 300 µm).
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Fig. 28. Ophiura clemens: First ventral arm segments, in detail tentacular pores: (A) segments 1 and 2 (dd = 7.85 mm); (B) 
segment 3 (dd = 7.85 mm); (C) segments 1 and 2 (dd = 5.76 mm); (D) segment 3 (dd = 5.76 mm); (E,F) segments 1 and 
2 (dd = 4.83 mm); (G) segment 3 (dd = 4.83 mm); (H) segments 1 and 2 (dd = 3.27 mm); (I) segment 3 (dd = 3.27 mm). 
Scale bar: (B, G) 100 µm; (I) 150 µm; (C, F, H) 200 µm; (A, D, E) 300 µm.

Fig. 29. Amphiura complanata: (A) dorsal view. (B) ventral view (scale bar: 1 mm).
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Fig. 30. Amphiura complanata: partial view of dorsal disc, in detail plates and radial shields: (A) dd = 11.57 mm; (B) dd = 
9.0 mm; (C) dd = 6.78 mm; (D) dd = 4.23 mm (scale bar: 300 µm).

Fig. 31. Amphiura complanata: partial view of ventral disc, in detail oral and adoral shields: (A) dd = 11.57 mm; (B) dd 
= 9.0 mm; (C) dd = 6.78 mm; (D) dd = 4.23 mm. ADS - adoral shield; AP - apical papillae; OP - oral papillae; OS - oral 
shield (scale bar: 300 µm).

Fig. 32. Amphiura complanata: partial view of ventral arm, in detail spines: (A) and (B) dd = 11.57 mm; (C) dd = 9 mm; 
(D) and (E) dd = 6.78 mm; (F) dd = 4.23 mm. SHS - spine hook-shaped (scale bar: 300 µm).
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815); 6.78 mm (ZUEC OPH 824); 4.23 mm 
(ZUEC OPH 827).

Primary scales evident only in the lower 
specimen. Centrodorsal scale evident in all 
individuals. Radial shields narrower and sepa-
rated at two largest specimens (Fig. 30 A, B), 
two smaller specimens with these shields unit-
ed later (Fig. 30 C, D). Two largest specimens 
with about 25 irregularly shaped small scales 
between the pair of radial shields (Fig. 30 A, 
B); at 6.78 mm dd, about 18 and at 4.23 mm dd 
(Fig. 30 C), about 12 scales (Fig. 30 D). In the 
three largest specimens with oval oral shields, 
longer than broad, and adoral shields contigu-
ous along internal median line of jaw (Fig. 31 A 
- C); at 4.23 mm dd, oral shield more rounded, 
as wide as long, and adoral shields separate in 
the anterior portion (Fig. 31 D). At 11.57 mm 
dd, hyaline spine hook-shaped from 14th arm 
segment; at 9 mm dd from 13th, at 6.78 mm 
dd from 15th and at 4.23 mm dd, from tenth. 
In this specimen is more difficult to observe 
the hyaline spine. Two largest specimens with 

Fig. 33. Ophiothrix rathbuni: (A) dorsal view. (B) ventral 
view (scale bar: 1 mm).

Fig. 34. Ophiothrix rathbuni: partial view of dorsal disk, in detail radial shields 
and spines: (A, B) dd = 12.92 mm; (C, D) dd = 8.12 mm; (E) dd = 6.03 mm; 
(F, G) dd = 3.07 mm (scale bar: 300 µm).

six arm spines in the basal segments and five 
in the end; at 6.78 mm dd, five spines at basal 
segments and four in the end and at 4.23 mm 
dd, four arm spines (Fig. 32).

OPHIOTRICHIDAE
Ophiothrix rathbuni Ludwig, 1882 

(Figs. 33 - 35)

Adult - Fig. 33
Material examined: 104 ex.



377Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 63 (Suppl. 2): 361-381, June 2015

Fig. 35. Ophiothrix rathbuni: partial view of ventral disc, in detail oral and adoral shields and cluster of dental papillae: (A) 
dd = 12.92 mm; (B) dd = 8.12 mm; (C) dd = 6.03 mm; (D) dd = 3.07 mm. ADS - adoral shields; CDP - cluster of dental 
papillae; OS - oral shield (scale bar: 300 µm).

Specimens selected for description: 12.92 
mm (ZUEC OPH 857); 8.12 mm, 6.03 mm, 
3.07 mm (ZUEC OPH 858).

Specimen of 12.92 mm dd with dorsal disc 
covered with scales and elongated spines with 
marginal denticles, and short spines bifid and 
trifids; at 8.12 mm dd there are few elongated 
spines on the disc, this is mainly covered by 
small spines; at 6.03 mm dd only small spines 
on dorsal disc and smallest individual there 
are mainly short spines, but there are about 
six spines elongated (Fig. 34 F, G). Two larg-
est specimens have radial shields completely 
separated (Fig. 34 A - D); two smallest indi-
viduals have this shields united later (Fig. 34 
E - G). The two smallest specimens with few 
spines on ventral interradius, this region is 
mainly covered by scales. At 12.92 mm dd, the 
adoral shields extended in the posterior portion 

(Fig. 35 A); three smallest specimens with 
elongated adoral shields (Fig. 35 B - D). Three 
largest individuals have seven arm spines and 
ventral spine modified in hook from the eighth 
or ninth arm segment; at 3.07 mm dd, five and 
spine-hook from fourth or fifth.

Main differences between juvenile and 
adult individuals were listed for each specie 
(Table 1) to make clearer the most important 
changes between them, regarding characters of 
the dorsal disc, jaw and arms.

DISCUSSION

The description of the morphological char-
acters from the largest individual and the growth 
series showed that some structures remain 
almost unaltered (number of apical papillae) 
during the entire life of the post-metamorphic 
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TABLE 1
Differences between young and adult individuals for each species

Species Dorsal disc Jaw Arms
Adult Juvenile Adult Juvenile Adult Juvenile

Ophiacantha 
pentacrinus

Radial shields 
completely 
separated

Radial shields 
joint posteriorly

Four oral 
papillae in some 
jaws

Three oral 
papillae

Dorsal arm plates 
fan-shaped and 
some diamond-
shaped
Ventral arm 
plates sub-
pentagonal

Dorsal arm plates 
diamond
Ventral arm plates 
rounded

Ophiomastus 
satelitae

Larges scales 
alternating with 
smaller ones

The only evident 
scales are the 
primary rosette 
and radial shields

Three oral 
papillae

Two oral papillae Dorsal arm 
plates present 
until the 12th arm 
segment

Dorsal arm plates 
present until the 
3rd arm segment

Ophiomisidium 
tommasii

Covered by 
primary rosette 
with swollen 
plates and radial 
shields

Covered only by 
primary rosette 
and radial shields 
not yet formed

Three oral 
papillae

Oral papillae 
undeveloped

Dorsal arm plates 
until the 9th or 
10th segment
Ventral arm 
plates until 5th 
or 6th 

Dorsal arm plates 
until the 6th 
segment
Ventral arm plates 
until the 3rd 

Ophiomusium 
acuferum

Radial shields 
completely 
separated

Radial shields 
joined in a distal 
median point

Four or five oral 
papillae

Three oral 
papillae

Ventral arm 
plates present 
until 4th or 5th 
segment

Ventral arm plates 
present until 2nd 
segment

Ophiomusium 
eburneum

Radial shields 
longer than wide, 
fully separated 
by three to four 
plates

Radial shields 
united across 
the median-
posterior area 
and anteriorly 
separated by a 
triangular plate

Five oral papillae Four oral 
papillae

The 1st dorsal 
arm plate 
pentagonal, 
posterior 
diamond-shaped 
and small
Ventral arm 
plates until 5th or 
6th segment

All dorsal arm 
plates diamond-
shaped, the 1st 
slightly larger
Ventral arm plates 
until 2nd or 3rd 

Ophiura 
ljungmani

Radial shields 
completely 
separated by ten 
scales

Radial shields 
united posteriorly 
and separated at 
anterior portion 
by one or three 
scales

Four oral 
papillae and one 
or two apical 
papillae

Four to five oral 
papillae and one 
apical papillae

Oral tentacular 
pore has 10-12 
scales

Oral tentacular 
pore has three-four 
scales

Ophiura 
clemens

Radial shields 
united in the 
median portion 
and anteriorly 
separated by a 
small triangular 
scale

Radial shields 
separated 
posteriorly by 
diamond scale

The 2nd oral 
tentacle pore 
covered by ten 
scales

The 2nd oral 
tentacle pore 
covered by for 
scales

The 1st arm 
segment with 
large pore 
covered by six-
eight tentacular 
scales, 2nd with 
five and 3rd with 
three

The 1st arm 
segment with large 
pore covered by 
two scales and 2nd 
by one scale
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dorsal and ventral arm plates and the number 
of arm spines, which is lower in youngest, 
can also be very useful (Sumida et al. 1998; 
Stöhr, 2005).

In this work, the radial shields present 
different shapes: i) completely separated in 
the largest individuals and joint posteriorly 
in smallest individuals, such as Ophiacantha 
pentacrinus, Ophiura ljungmani, Amphiura 
complanata and Ophiothrix rathbuni (which 
is joint later); ii) completely separated in larg-
est individuals and joint anteriorly in smallest 
individuals, such as Ophiomusium acuferum; 
iii) with one plate between the radial shields 
that becomes more evident throughout the 
individual’s growth and unformed shields in 
the smallest individuals, as in Ophiomisidium 
tommasii; and iv) largest specimens with lon-
ger, rather than broader, radial shields, as in 
Ophiomusium eburneum.

Regarding to jaw, some species showed 
changes in the size and shape of the oral and 
adoral shields throughout their development, 
for example, Ophiomastus satelitae, Ophiomis-
idium tommasii, Ophiura ljungmani, Amphiura 
complanata and Ophiothrix rathbuni, which is 
similar to another studies (e.g. Schoener, 1967, 
1969; Monteiro, 1987 and Sumida et al., 1998). 
Furthermore, Ophiomastus satelitae, Ophio-
musium acuferum, Ophiomusium eburneum 
suffered changes in the number of oral papillae. 

In some species, the oral structures 
remained almost unaltered in the different 

TABLE 1 (Continued)

Species Dorsal disc Jaw Arms
Adult Juvenile Adult Juvenile Adult Juvenile

Amphiura 
complanata

Radial shields 
narrower and 
separated

Radial shields 
united posteriorly

Oral shields 
oval, longer 
than broad and 
adoral shields 
contiguous along 
internal median 
line of jaw

Oral shield 
more rounded, 
as wide as long 
and adoral 
shields separated 
anteriorly

Six arm spines 
in the basal 
segments and 
five in the end

Four arm spines

Ophiothrix 
rathbuni

Radial shields 
completely 
separated

Radial shields 
united posteriorly

Adoral shields 
extended 
posteriorly

Adoral shields 
elongated

Seven arm spines Five arm spines

organism, while others (radial shields, oral 
papillae and arms) are subject to transforma-
tions. Thus, this work contributes to a broader 
knowledge of some ophiuroid species, con-
cerning the characterization of their different 
development stages. Particularly, we described 
species from deeper regions of Brazil, from 60 
m until 800 m, not commonly studied, due to 
inherent difficulties obtaining such sizes.

The study and the possibility of identify-
ing specimens of Ophiuroidea in their different 
development stages are outmost relevance, 
for example, when it is considered that these 
organisms are subject to a high mortality rate, 
especially the juveniles (Gage, 1984; Tyler, 
Gage & Billett, 1991; Sumida et al., 1998). 
Besides, the ontogenesis of homologous struc-
tures in post-larval ophiuroids can be useful in 
defining systematic and phylogenetic relations 
between taxonomic groups (Hendler, 1988).

In the present work, the structures that suf-
fered most change during development were: 
radial shields, oral papillae, dorsal and ventral 
arm plates and number of arm spines. The 
shape of the radial shields changes consider-
ably during the growth of the individual, which 
has been pointed as an important morphologi-
cal character to diagnose the species (Monteiro, 
1987). The oral papillae change, especially in 
the number and/or position, which increase 
during development (Schoener, 1967, 1969; 
Monteiro, 1987 and Sumida et al., 1998). Arm 
characteristics, such as the size and shape of 



380 Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 63 (Suppl. 2): 361-381, June 2015

growth stages, as it has been registered for 
Ophiacantha pentacrinus. According to Sum-
ida et al. (1998), the oral structures of co-
generic species, including post-larval stages, is 
very similar and conservative within the group, 
which suggests that they may compete for the 
same type of food. Alterations in a single indi-
vidual may also be verified, such as the number 
of oral papillae in the different jaws of Ophia-
cantha pentacrinus, thus indicating individual 
variation, unrelated to size. 

The shape of the arm plates may also 
vary according to the size of the individual’s, 
but usually juveniles are similar to the tips of 
adults arms (Clark, 1914; Monteiro, 1987). The 
same pattern has been observed in the species 
Ophiomusium eburneum. The dorsal arm plates 
are diamond shaped, and are present along the 
entire arm in the smallest individuals while 
in the largest specimens are present at the tip 
of the arms.

The number of arm spines change accord-
ingly to the size of the organism observed. 
In Ophiacantha pentacrinus, Ophiomusium 
acuferum and Amphiura complanata the num-
ber of arm spines is higher as the disc diam-
eter increases. The same happens with the 
number of tentacle scales, which decreases in 
smaller specimens. 

Regarding development time from young 
to adult, there are few published studies (Gage 
& Tyler, 1982; Sumida et al., 1998; Sumida, 
Tyler, Lampitt & Gage, 2000; Lampitt, Sumida 
& Pérez-Castillo, 2002). These studies show 
that this time may depend on the high preda-
tion rates to which these animals are exposed, 
which may accelerate growth causing them to 
achieve adulthood faster, as occurs with Ophi-
octen gracilis (Sumida et al., 2000).

Our work contributes considerably to the 
knowledge about development of some brittle 
stars, because actually, less than 50 juvenile 
forms are known and juvenile characters often 
differ considerably from adult ones and may 
potentially be valuable for phylogenetic con-
siderations (Stöhr, 2012). We emphasized that 
studies about post-metamorphic development 
in ophiuroids show that changes resulting from 

growth, demand great caution in specific dif-
ferentiation, and related species must always 
be compared to each other from similar size, as 
seen in previous studies (Sumida et al., 1998; 
Stöhr, 2012).
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RESUMEN

De bebé a adulto: serie ontogenética de nueve 
especies de Ophiuroidea del Atlántico sudoccidental. La 
etapa post-metamórfica es esencial en la historia de vida 
de los invertebrados marinos. Durante este período, los 
animales son más vulnerables y sufren una elevada mor-
talidad, que influye en la distribución y abundancia de las 
poblaciones de los adultos. También es durante este perío-
do cuando grandes cambios morfológicos ocurren en los 
individuos, lo que complica su identificación taxonómica. 
Los ofiuroideos juveniles son el componente principal para 
la mayor parte de la composición de la meiofauna en cier-
tas épocas del año y en algunos lugares. Sin embargo, son 
ignorados por la mayoría de los estudios ecológicos debido 
a las dificultades de identificación. De esta manera, la des-
cripción de las fases juveniles presenta mayor importancia, 
sobre todo en estudios relacionados con la dinámica pobla-
cional y de composición de fauna. Este trabajo tiene como 
objetivo describir la ontogenia de nueve especies de aguas 
profundas de las regiones Sudeste y Sur de Brasil, siendo el 
primer registro en la literatura sobre cambios morfológicos 
-a partir del crecimiento- para ocho de ellos. La mayoría 
de los organismos se tomaron en el intervalo de 60 a 800 m 
de profundidad, entre diciembre de 1997, enero de 1998 y 
marzo de 1998, durante el programa REVIZEE Sur-Score 
/ Bentos. También se incluyen en este estudio material 
adicional del Museo de Zoología de la Unicamp (ZUEC). 
Para las identificaciones y descripciones de las diferentes 
etapas, las muestras se secaron y fueron fotografiadas. Los 
juveniles fueron identificados por “al revés” el proceso 
de crecimiento a través de la serie desde adultos hasta los 
individuos de menores tallas, una metodología exitosa en 
estudios anteriores. Las especies seleccionadas para la 
descripción de la serie de crecimiento fueron escogidas de 
acuerdo a su abundancia relativa en diferentes etapas de 
desarrollo. Algunos individuos fueron montados en tacos 
de aluminio para la microscopía electrónica de barrido. Las 
especies se estudiadas fueron: Ophiacantha pentacrinus 
(Ophiacanthidae), Ophiomastus satelitae, Ophiomusium 
acuferum, Ophiomusium eburneum, Ophiomisidium tom-
masii, Ophiura ljungmani, Ophiura clemens (Ophiuridae), 



381Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 63 (Suppl. 2): 361-381, June 2015

Amphiura complanata (Amphiuridae) y Ophiothrix rathbu-
ni (Ophiotrichidae). El análisis del desarrollo post-meta-
mórfico de los individuos reveló que muchas especies 
podrían ser identificadas desde sus etapas más juveniles, 
sobre todo a partir de caracteres morfológicos externos. 
Este estudio nos permite sostener que algunas estructuras 
permanecen casi inalteradas durante toda la vida del orga-
nismo, mientras que otras están sujetas a transformaciones. 
De este modo, se contribuye al conocimiento más amplio 
de algunas especies de ofiuroideos, con relación a la carac-
terización de sus diferentes etapas de desarrollo.

Palabras clave: estrellas de mar, series de crecimiento, 
fauna bentónica, taxonomía, ecología, distribuición.

REFERENCES

Bartsch, I. (1985). Astrotoma agassizii Lyman, 1875 (Gor-
gonocephalidae, Ophiuroidea), Beschreibung der 
Skelettplatten der Adulten und Juvenilen. Mitteilun-
gen aus dem Hamburgischen Zoologischen Museum 
und Institut, 82, 303-309.

Clark, H. L. (1914). Growth changes in brittle stars. Publi-
cations of the Carnegie Institution, 5, 93-126.

Fell, H. B. (1946). The embryology of the viviparous 
ophiuroid Amphipholis squamata (D.Ch.). Transac-
tions of the Royal Society of New Zealand, 75, 
419-464.

Gage, J. D. (1984). On the status of the deep-sea echinoids, 
Echinosigra phiale and E. paradoxa. Journal of the 
Marine Biological Association of the United King-
dom, 64, 157-170

Gage, J. D., & Tyler, P. A. (1982). Growth and reproduc-
tion of the deep-sea brittlestar Ophiomusium lymani 
Wyville Thomson. Oceanologica Acta, 5, 73-83.

Hendler, G. (1978). Development of Amphioplus abditus 
(Verrill) (Echinodermata: Ophiuroidea). II. Descrip-
tion and discussion of ophiuroid skeletal ontogenies 
and homologies. Biological Bulletin, 154, 79-95.

Hendler, G. (1988). Ophiuroid skeleton ontogeny reveals 
homologies among skeletal plates of adults: a study 
of Amphiura filiformis, Amphiura stimpsonii and 
Ophiophragmus filograneus (Echinodermata). Biolo-
gical Bulletin, 174, 20-29.

Lampitt, R. S., Sumida, P. G., & Pérez-Castillo, F. (2002). 
Ophiuroid growth with deep-sea sediment traps: A 
problem for carbon flux measurements at continental 
margins. Limnology and Oceanography, 47, 571-575.

Monteiro, A. G. (1987). Ophiuroidea (Echinodermata) da 
região de Ubatuba (SP)-aspectos morfológicos e eco-
lógicos (Doctoral thesis). Universidade de São Paulo.

Monteiro, A. G., Reis, M. O., & Pardo, E. V. (1992). 
Morfologia comparativa e distribuição batimétrica 
de duas espécies de Ophiuoidea na região costeira 
de Ubatuba. Boletim do Instituto Oceanográfico, 40, 
39-53.

Schoener, A. (1967). Post-larval development of five deep-
sea ophiuroids. Deep-Sea Research, 14, 645-660.

Schoener, A. (1969). Atlantic ophiuroids: some post-larval 
forms. Deep-Sea Research, 16, 127-140.

Stöhr, S. (2005). Who’s who among baby brittle stars 
(Echinodermata: Ophiuroidea). Zoological Journal of 
the Linnean Society, 143, 543-576.

Stöhr, S. (2012). Ophiuroid (Echinodermata) systematics 
- where do we come from, where do we stand and 
where should we go? Zoosymposia, 7, 147-161.

Sumida, P. G., Tyler, P. A., Lampitt, R. S., & Gage, J. D. 
(2000). Reproduction, dispersal and settlement of 
the bathyal ophiuroid Ophiocten gracilis in the NE 
Atlantic Ocean. Marine Biology, 137, 623-630.

Sumida, P. Y., Tyler, P. A., Gage, J. D., & Nørrevang, 
A. (1998). Postlarval development in shallow and 
deep-sea ophiuroids (Echinodermata: Ophiuroidea) 
of the NE Altantic Ocean. Zoological Journal of the 
Linnean Society, 124, 267-300.

Tommasi, L. R. (1970). Os ofiuróides recentes do Brasil e 
de regiões vizinhas. Contribuições Avulsas do Institu-
to Oceanográfico, 20, 1-146.

Turner, R. L., & Miller, J. E. (1988). Post-metamorphic 
recruitment and morphology of two sympatric britt-
lestars. In R. D. Burke, P. V. Mladenov, P. Lambert, 
& R. L. Parsley, (Eds.), Echinoderm biology (pp. 
493-502). Rotterdam: Balkema. 

Tyler, P. A., Gage, J. D., & Billett, D. S. (1991). Repro-
duction and recruitment in deep-sea invertebrate 
populations in the NE Altantic Ocean: a review of 
the options. In G. Colombo, I. Ferrari, V. U. Cecche-
relli, & R. Rossi. (Eds.), Marine eutrophication and 
population dynamics (pp. 257-262). Denmark: Olsen 
& Olsen.

Webb, C. M., & Tyler, P. A. (1985). Post-larval develop-
ment of the common north-west European brittle stars 
Ophiura ophiura, O. albida and Acrocnida brachiata 
(Echinodermata: Ophiuroidea). Marine Biology, 89, 
281-292.




