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As a consequence of the extremely poor fossil record of brittle stars, every new discovery
is important. The Miocene example studied herein involves the recently described species
Ophiocrossota kollenbergorum Caviglia, Martinez & del Rio recovered from the Chenque
Formation of southeastern Argentina. The information used here is derived from unpub-
lished data and a new record from two discrete, thin, monospecific patches. The main
taphonomic features of the patches, namely the presence of specimens concordant with
bedding planes, (with either aboral or oral side upwards), and the good preservation of
the delicate discs (ca. 6 mm wide on average), and the preservation of un-oriented arms
complete with fragile tips (not wider than 0.2 mm), point to a suddenly buried census
assemblage. Although broken or isolated arms were found, this is attributed to the ero-
sive environmental conditions of the abrasion platform where the studied exposure is
located today. Size frequency distributions suggest that both patches were buried at dif-
ferent seasons. Observed densities are 77 and 143 individuals/m? and distances between
individuals are random. The arm length/disc diameter ratio indicates that Ophiocrossota
kollenbergorum may have been an epifaunal surface dweller. No signs of predation (such
as regenerated arms), were identified. [J Ophiocrossota kollenbergorum, ophiuroids,
taphonomy, palaeoecology, Miocene, Argentina
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Brittle star beds are presently known throughout the
world (Aronson 1992), yet only a few Recent popula-
tions have been properly studied, for example: Ophio-
thrix fragilis (Abildgaard in O.F. Miiller 1789) (e.g.
Vevers 1952; Warner 1971; Holme 1984); Ophiothrix
oerstedii (Lutken 1856) (Aronson & Harms 1985);
Ophiocomina nigra (Abildgaard in O.F. Miiller 1789)
(Wilson et al. 1977); Ophiura sarsii Liitken 1855
(Fujita & Ohta 1990; Piepenburg & Schmid 1997);
Opbhiopecten sericeum (Forbes 1852) (Piepenburg &
Schmid 1997); Ophiacanta bidentata (Retzius 1805)
(Piepenburg & Schmid 1997); and, Amphiura filifor-
mis (O.F. Miiller 1776) (e.g. Duineveld & van Noort
1986; Rosenberg et al. 1997). Equally, fossil brittle star
beds are very scarce. Aronson (1989, 1992) listed up
to 28 autochthonous shallow-water fossil aggrega-
tions, including only 7 from the Cenozoic. Recently,
some in situ accumulations of Triassic brittle stars
have been reported (Radwanski 2002; Twitchett et al.
2005; Zaton et al. 2008). This poor fossil record may
be a consequence of the low preservation potential of
this group (Schifer 1972; Ausich 2001), or, in the case
of Cenozoic occurrences, by the effects of the Meso-
zoic Marine Revolution, and its consequent reduction
of ophiuroid aggregations by the increasing predation
pressure (Aronson 1987, 1989, 1991, 1992). As a con-
sequence, every new discovery of a brittle star bed not

only constitutes an important input to taphonomy
and palaeoecology, but also represents a contribution
to test Aronson’s hypothesis.

The highly fossiliferous Neogene marine sedimen-
tary sequence exposed along the littoral coast of Pata-
gonia, a region situated in southernmost tip of South
America, offers a unique opportunity to improve our
knowledge of high-latitude invertebrate biotas. The
goal of the present paper is to discuss the results of a
taphonomic and palaeoecological analysis carried out
in the recently described ophiuroid Ophiocrossota kol-
lenbergorum Caviglia et al. 2007, a species recovered
from the basal horizons of the Miocene Chenque For-
mation (Santa Cruz Province, Argentina).

Geographical and geological setting

The Chenque Formation consists of a 500-m thick
siliciclastic and pyroclastic sequence, composed of five
shallowing-upwards parasequences well exposed at the
type locality of the formation in the surroundings of
the city of Comodoro Rivadavia, San Jorge Basin,
northern Santa Cruz Province (Bellosi 1995). The low-
ermost parasequences I and II are highly tuffaceous,
and are characterized by several fossiliferous beds
that yield a rich molluscan fauna belonging to the
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Fig. 1. Geographic location (A), stratigraphical section (B), and a view during low tide (C), of the studied outcrop.

Jorgechlamys  juliana—Reticulochlamys  borjasiensis
assemblage (del Rio 2004). Molluscs dominate the
invertebrate assemblage, but ophiuroids and asteroids,
as well as irregular echinoids, are especially abundant
in thin horizons that are sparsely distributed through-
out Parasequence I.

Two thin beds yielding brittle stars were recovered
from an outcrop of about 1200 m® located 2 km
south of Punta Maqueda (= Punta Peligro) situated
on the recent abrasion platform that is only visible
during low tides, and is subject to high energy erosive
conditions (Fig. 1A—C). These beds are correlated
with the basal section exposed at Punta Maqueda
(Parasequence I) and are dated as Early Miocene on
the basis of palynology (Bellosi & Barreda 1993).

These fossiliferous sedimentary rocks were deposited
in a distal, lower shoreface environment dominated
by a low hydraulic energy regime and affected by
sporadic weak storm.

The lithological section (Fig. 1B) consists of 2.4 m
thickness of highly bioturbated, grey-greenish, fine- to
very fine-grained sandstones where seven fossiliferous
beds are recognized. Five of them represent thin,
autochthonous assemblages composed of mono-
specific aggregations, and two (M1 and M4 in Fig. 1B)
correspond to the brittle stars patches studied
herein. The lower bed (M1) is characterized by differ-
ent groups in life position represented by separate
patches of brittle stars (CR1), schizasterids, Amplaster
sp. and Abertella sp., bunches of oysters and clusters
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Fig. 2. The studied patches of Ophiocrossota kollenbergorum. A, CR1; B, CR2; C, CR3. Scale bars represent 25 mm.

of Atrina sp. (a species with a very fragile shell), and
octocorals. The uppermost brittle star bed (CR2) was
recovered from an extremely thin horizon (M4) rest-
ing on a 30-cm thick, time-averaged accumulation
(M3) that varies laterally from highly broken, eroded,
encrusted and bored gastropods, bivalves, bryozoans
and echinoids, to densely packed turritellid accumula-
tions with a well-marked bidirectional orientation, to
extensive patches of stacked articulated and entire
specimens of Atrina sp.

Material and methods

The material analysed was recovered from two iso-
lated patches, CR1 (50 cm x 35 cm; Fig. 2A) and
CR2 (100 cm X 40 cm; Fig. 2B) and also from tapho-
nomic data obtained from a patch that no longer
exists (CR3; Fig. 2C; mentioned by Caviglia 1978, and
personal communication, 2007).

Patches were sampled and photographed in the
field; photographs were subsequently analysed in labo-
ratory using ImageTool (Wilcox et al. 2002). Normal-
ity of size—frequency distributions was checked using
the Shapiro-Wilk test, and comparisons between sam-
ples were determinate by Mann-Whitney and Kolmo-
gorv-Smirnov tests. Statistical analysis and graphs
were calculated using the PAST software (Hammer
et al. 2001). Information about the mineral composi-
tion was obtained by means of scanning electron
microscopy photographs and energy dispersive spec-
trometer (EDS) coupled with the scanning electron
microscopy (Facultad de Ciencias, Montevideo).

Taphonomy and palaeonvironment

Results

Ophiuroid concentrations occur in the sedimentary
rock as surficial, thin (1-2 cm thick) discrete patches,

with no isolated specimens between them. Specimens
are extremely fragile with tiny plates well preserved
and composed of recrystallized calcite with low Mg
content. Arms do not show any preferred orientation
(Fig. 4A-D), are complete, and some even retain their
very delicate tips, which are no wider than 0.2 mm
(Fig. 3A). As shown in Fig. 3A-E, specimens are rep-
resented by: discs with their five arms complete or
nearly complete; discs with some arms broken; discs
where only base of arms have been preserved; five or
four arms from the same individual preserved in situ,
but without the discs; and, isolated complete arms.
With the exception of only one specimen obliquely
placed, the remaining individuals were found in a hor-
izontal position, parallel to the bedding plane, and
with either up or down (oral-aboral) facing position
(but according to results of Fisher’s exact test, only
CR2 has an equal proportion of both positions)
(Figs 5, 6).

Discussion and interpretation

The taphonomic aspects described in the previous dis-
cussion indicate that both patches suffered sudden
burial and, as it will be discussed in the succeeding
discussion, they are interpreted as census assemblages
(sensu Hallam 1972; see also Kidwell 1998).
Echinoderms begin to disarticulate between 30 min
and 48 days after death (Blyth Cain 1968; Schifer
1972; Allison 1990), and as already stated, arms and
discs are complete, and extremely delicate parts are
finely preserved (i.e. arm tips). Moreover, it is not
probable that the loss of some elements of the brittle
stars (see the five types of preservation in previous dis-
cussion) can be attributed to environmental energy
during the burial process, or to a long residence time
on the sea bottom after death. On one hand, arms do
not show a preferred orientation, discarding the possi-
ble presence of one or two-directional currents, and
the absence of isolated plates in the sediment indicates
that no disarticulation happened before or during



4 Martinez et al.

LETHAIA 43 (2010)

Fig. 3. A, O. kollenbergorum specimen preserved with four arms (CR2). B, disc with only one arm with its delicate tip preserved (CR1). C,
arms preserved without the disc (CR2). D, preservation of extremely delicate arm tip (CR1). E. disc without arms and arms without disc,

preserved side by side (CR1). Scale bars represent 10 mm.

Fig. 4. A, specimens (CR1) showing arms without a preferred orientation. Scale bars represent 10 mm. B, rose diagram concerning arm
orientation at CR1. C, rose diagram showing arm orientation at CR2. D, some specimens at CR2 showing arms without a preferred

orientation. Scale bars represent 10 mm.

burial. On the other hand, although relationship
between oral/aboral orientation has been interpreted
by Twitchett ef al. (2005) as evidence of transport
prior to burial, in Recent populations individuals are
commonly found living in any of the both positions
(e.g. Fell 1961; Hendler et al. 1995; Vevers 1952), and

this is a proper interpretation for fossil species (e.g.
Kesling & Le Vasseur 1971; Blake 1975). Although
even weak storms can overturn the ophiuroids, the
most parsimonious explanation for the presence of
oral/aboral orientation seems to be that brittle stars
were buried in life position. In addition, high-energy
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Fig. 5. Specimens with oral or aboral side upwards, preserved side
by side (CR2). Diameter of coin 24 mm.

conditions on the recent abrasion platform would be
the responsible mechanism for the breakage of speci-
mens after exhumation, and for the complete destruc-
tion of the CR3 patch mentioned by Caviglia (1978),
which according to photographs and field works,
seems to have been removed during the last 30 years.
It can be also argued that the recent high-energy con-
ditions have selectively removed some specimens from
our patches, distorting the original population struc-
ture, but the taphonomic evidence already discussed
suggest that specimens have been only slightly eroded,
and have a good state of preservation.

Time-averaging is a common process recorded in
death assemblages of hard, durable skeletons such as
those belonging to brachiopods and bivalves, making
it difficult to recognize the original living community
(Fursich & Aberhan 1990; Kidwell & Flessa 1996;
Carroll et al. 2003; Kowalewski & Bambach 2003;
Barbour Wood et al. 2006; among others). In the
present analysis, time-averaging is rejected, because
the skeletons of the studied ophiuroids are so fragile
that, if they had not been immediately buried below
the taphonomic active zone, they would have been
completely destroyed in a very short time. Hence, both

CR1

Fisher exact
p(same) = 0.3213

Fisher exact
p(same) = 0.8461
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Fig. 7. Cluster of very delicate shells of Atrina sp. preserved in situ.
Scale bars represent 50 mm.

patches represent a snapshot (census assemblages) of
the populations at a given time, and may be ideally
identical to the original life assemblage, allowing
reliable palacoecological studies (see succeeding
discussion).

According to the preceding discussion and other
geological data, the Patagonian Miocene populations
of O. kollenbergorum inhabited well-oxygenated waters
upon a substrate affected by episodic weak storms that
suddenly buried the ophiuroids, keeping them away
from conditions that lead to subsequent breakage (an
obrution event sensu Brett 1990).

Taphonomic conditions of contemporaneous assem-
blages also point to a quiet environment, only affected
by weak storms, as shown by numerous patches of
oysters and echinoids (schizasterids) in life position,
and concentrations of Atrina sp. (Fig. 7) associated
laterally with CR2, as well as other accumulations

CR2 CR3

38%

Fisher exact
p(same) = 0.1178

Fig. 6. Percentages of specimens with oral side (white) and aboral side (black) upwards, and results of Fisher’s exact test.
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Fig. 8. Heavily encrusted gastropod preserved along with ophiu-
roids (CR1). Scale subdivided in millimetres.

made up of not more than three species of gastropods
and octocorals, with no evidence of either transport or a
prolonged residence on the substrate.

In the case of CR1, the brittle star patch rests on a
previously time-averaged assemblage of echinoids,
gastropods and bivalves that shows clearly a long resi-
dence on the substrate with broken, encrusted, bored
and highly abraded specimens (Fig. 8), indicating that
these time-averaged assemblages were suddenly buried
with the living brittle star population.

Population structure and dynamics

Taking into account the particular framework of a
palacoecological study, the existence of well-preserved
census assemblages allowed the study of different
aspects of the population structure and dynamics, dis-
cussed in the succeeding paragraph.

Size

One of the most easily captured properties of fossil
assemblages is the size—frequency distribution, a prop-
erty that has been estimated for fossil and death
assemblages in different groups (e.g. mammals, Ku-
rtén 1953; brachiopods, Richards & Bambach 1975;
molluscs, Cummins et al. 1986; trilobites, Sheldon
1988; echinoids, Dodd et al. 1985; Nérandeau 1991)
but there are few studies on ophiuroids (Kesling & Le
Vasseur 1971; Twitchett et al. 2005; Zaton et al.
2008).

Basic statistics regarding size are shown in Table 1.
Figure 9 shows that small sizes are not represented
(less than 2 mm in CR1, less than 3 mm in CR3 and
less than 5 mm in CR2), a usual problem in putative
fossil populations (Olson 1957; Hallam 1972; Richards
& Bambach 1975; Dodd et al. 1985; amongst others).
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Fig. 9. Histograms showing size frequencies at each patch.

Hallam (1972) and Dodd et al. (1985) stated that the
apparent lack of juveniles can be caused by factors
such as collection failure, transport by currents,
mechanical destruction, dissolution, migration,
predation, different habitat of juveniles and adults, or
even by growth and mortality rates. In the present
example, with the exception of growth and mortality
rates as the possible explanation for the absence of
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Table 1. Results of normality tests and basic statistics.

CR1 CR2 CR3
Range 2-10 mm 5-11 mm 2-11 mm
Mean 6.88 7.64 5.73
Median 7 7 5
Standard error 0.532 0.346 0.2
Standard deviation 2.608 1.893 1.989
Skewness -0.5067 0.4646 0.6175
Kurtosis -1.2117 —1.0893 —0.8629
Shapiro-Wilk W 0.8869 0.9011 0.8766

Shapiro-Wilk Probability  0.009617  0.007659  0.0000001306

Table 2. Results of Mann-Whitney and Kolmogorov—Smirnov
nonparametric tests.

Mann-Whitney

CR1 vs. CR2 T = Ub: 341 P = 0.4484

CR2 vs. CR3 T = Ub: 769.5 P = 1.885 E-05*
CR1 vs. CR3 T = Ub: 9235 P = 0.04421*
Kolmogorov—Smirnov

CR1 vs. CR2 D:0.247742 P =0.316941
CR2 vs. CR3 D:0.493226 P = 1.0075 E-0.5*
CR1 vs. CR3 D:0.31 P = 0.0332583*

small-sized individuals, the remaining factors must be
discarded, as the material was carefully collected, the
sedimentological data indicate low-energy environ-
mental conditions at the time of deposition and,
furthermore, the preservation of very small (up to
0.6 mm) ossicles at the tip of the arms (much smaller
than the missing small discs), show that mechanical
destruction or dissolution must be also rejected.
Nérandeau (1991) found spacial segregation between
juvenile and adult individuals of the Cenomanian
echinoid Mecaster grossouvrei, but in examples
studied here, no patches of juveniles of Ophiocr.
kollenbergorum were found. Finally, as will be
discussed in succeeding sections, there is no evidence
of predation.

Size distribution of the populations is not normal
(Table 1). We checked the differences among them
using nonparametric tests: the Mann—Whitney, which
compares the medians; and the Kolmogorov—Smir-
nov, which compares the structure of distributions.
Results of both tests (Table 2) show that CR1 and
CR2 are not statistically different, but both are signifi-
catively different from CR3, the patch measured by
Caviglia (1978, and personal communication, 2007;
see previous discussion), pointing to a case of ‘opera-
tor error’ (Rothfus 2004). The mode falls at different
sizes in the three populations (CR1 = 9 mm, CR2 =
6 mm, CR3 = 4 mm) and, also, the less common size
is different among them (CR1 = 4-5 mm, CR2 =
9 mm, CR3 = 6 mm).
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Table 3. Arm length/disc diameter (specimens selected by chance
from CR1 and CR2).

Arm length Disk diameter al:dd
22.3 10.1 22
20.6 10.1 2.0
15.4 10.1 15
20.3 8.9 2.3
18.5 8.9 2.1
16.1 6.6 24
8.6 6.6 1.3
12.8 5.0 2.6
17.1 9.3 1.8
19.8 9.0 22
6.8 3.3 2.0
6.0 2.7 2.2
10.2 5.8 1.7
13.3 4.2 32
10.8 4.1 2.7
11.1 5.8 1.9
16.0 9.0 1.8
18.0 9.0 2.0
17.0 10.0 1.7
19.0 11.0 1.7
22.0 11.0 2.0
15.0 7.0 2.1
22.0 11.0 2.0
averages
15.6 7.8 2.1

What do these distributions imply? Recent ophiu-
roids have different population structures related to
time (recruitment periods), depth trends or density-
dependent factors (e.g. Fujita & Ohta 1990; Piepen-
burg & Schmid 1997). In the present case, depth and
density factors can be rejected because, as has been
already discussed, the studied populations lived at the
same depth, and density was not significantly different
among the three patches (see succeeding discussion);
but recruitment period is a reasonable argument to
justify the presence of different snapshots of popula-
tions at different moments of the year.

Mode of life

According to Twitchett et al. (2005), the arm length/
disc diameter (al:dd) ratio indicates the mode of life
of Recent ophiuroids; burrowing brittle stars have the
highest ratios (al:dd > 9), epifaunal surface dwellers
have the lowest (al:dd < 5) and crevice dwellers are
placed between them. As the average ratio of O. kol-
lenbergorum is 2.1 (Table 3), this species must be con-
sidered as an epifaunal surface dweller.

Density

Density of individuals/m? was calculated as an average
of about 18 m” in CR3 (45 ind/m?), and as an extrapo-
lation from patches CR1 (0.175 m?) and CR2 (0.4 m?)
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(143 ind/m®, and 77 ind/m* respectively). They are
not uncommon values, according to those reported in
the literature for recent ophiuroids, particularly when
comparing them with those taxa that are epibenthic
shallow water inhabitants, as we have interpreted
O. kollenbergorum to be. Among them, there are
Ophiothrix oerstedi with a mean density of around
50 ind/m® in a saltwater lake (Aronson & Harms
1985), and Ophiocomina nigra and Ophiothrix
quinquemaculata with more than 100 ind/m* (Wilson
et al. 1977; Stachowistch 1979). Ophiothrix fragilis has
been reported from 340 ind/m* (Vevers 1952) to
1330 ind/m® (Warner 1971), but in this species
juveniles live above the adults (Morgan & Jangoux
2004). Like O. kollenbergorum, Ophiocomina nigra,
Ophiothrix quinquemaculata and Ophiothrix fragilis
form discrete patches.

Inter-individual distance

Inter-individual distances are at random, and vary
from specimens touching each other to those sepa-
rated by lengths that comprise many equivalent radi-
uses. However, overall distribution of brittle stars in
the patch is rather homogenous (it is not distin-
guished between a more densely ‘packed’ central zone
and a loosely ‘packed’ peripheral one or halo). Patches
present an average surface covering around 10-12%.

Biological interactions: predation

Predation on fossil ophiuroids was reviewed by Aron-
son (1987, 1989, 1991, 1992), who proposed an
increase of predation upon brittle stars in Cenozoic
times, a process with roots in the ‘Mesozoic Marine
Revolution’. As in the Chenque Formation, where
repaired arms from complete or partially broken spec-
imens or from isolated arms have not been recorded,
it can be assumed that these populations were not pre-
dated, although potential predators, such as sea stars,
were found nearby. Brittle stars may have been eaten
entirely, but this assertion can not be tested with the
available evidence.

Thus, Aronson’s rule is not fulfilled in our example,
and in the shallow environment of the Chenque For-
mation, physical factors appear to have controlled the
brittle star populations.

Conclusions

The studied brittle star beds are census assemblages
and constitute snapshots of the Miocene living
populations. Ophiocrossota kollenbergorum was an
epifaunal suspension feeder that lived in moderately
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dense patches, in shallow, usually quiet waters with
low sedimentation rate, occasionally disturbed by
storms. The populations were not affected by heavy
predation and had some seasonal(?) recruitment
period(s).
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