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Redescription and palaeoecological significance of the
bryozoan Hippoporidra patagonica (Pallaroni, 1920) in the
San Julián Formation (late Oligocene) of Santa Cruz
province, Argentina
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bryozoan Hippoporidra patagonica (Pallaroni, 1920) in the San Julián Formation (late Oligocene) of Santa Cruz province, Argentina. Alcheringa
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Hippoporidra is a cheilostome bryozoan that predominantly encrusts gastropod shells inhabited by hermit crabs. The genus has a Pan-Atlantic dis-
tribution and its fossil record ranges from the Eocene to Holocene. Cellepora patagonica Pallaroni is here transferred to Hippoporidra and its auto-
zooids and avicularia are described for the first time based on scanning electron microscopy. Hippoporidra patagonica can be distinguished from
the remaining species of the genus by the peculiar shape of its interzooidal avicularia and the morphology of its orifice, which is semicircular, with
a straight proximal border. In addition, many specimens have adventitious avicularia located on a suboral umbo. The record of Hippoporidra pata-
gonica (Pallaroni) in the Gran Bajo Member of the San Julián Formation (late Oligocene) in Patagonia confirms the presence of this genus at the
southern tip of South America and indicates a Pan-Atlantic distribution during the Cenozoic.
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14.4.2014; revised 1.7.2014; accepted 28.7.2014.
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THE INVERTEBRATES found in Cenozoic deposits of
southern South America are valuable tools for recon-
structing the palaeogeographic and palaeoenvironmental
evolution of this region. Cenozoic faunas have been
known from the region since the work of d’Orbigny
(1842) and Sowerby (1846), who described many of the
molluscs. Other invertebrates have received relatively
less attention, although some, such as the bryozoans,
are conspicuous and highly diverse. Following those
pioneering contributions, large collections of Patagonian
fossil invertebrates were assembled by others (such as
Carlos Ameghino, John Hatcher, Gaetano Rovereto),
who sent the specimens to various foreign researchers
for formal description and illustration. Ortmann (1900,
1902), Canu (1904, 1908, 1911), Pallaroni (1920) and
Conti (1949) published early descriptions of Cenozic
bryozoan assemblages from Patagonia. Later, Frenguelli
(1920, 1927) recorded the presence of several species in
Entre Ríos and Chubut. Subsequently, Leanza (1956)

analyzed ecological and biological aspects of the rela-
tionship between a fossil bryozoan and a hermit crab in
Patagonian Cenozoic deposits, and Brood (1981)
described new and little-known species from the Mio-
cene of Chilean Patagonia.

As with other metazoan taxa (Williams &
McDermott 2004), several bryozoan species are associ-
ated with pagurid crabs inhabiting gastropods shells
(Morris et al. 1989, Taylor et al. 1989, Taylor 1994,
Kuklinski et al. 2008). These crabs colonize empty
shells lying dispersed on the sea bottom and use them
as temporary shelter. Upon lying on the bottom, the
shells become available for the settlement of bryozoan
larvae, which later develop an encrusting colony. The
bryozoan may completely cover the gastropod shell
inhabited by the hermit crab (Pallaroni 1920, Roger &
Buge 1948, Leanza 1956, Cook 1964, Taylor & Cook
1981, McKinney & Jackson 1989, Walker 1992, Taylor
& Schindler 2004). The association between these
invertebrates has been recorded in fossil assemblages as
old as the Early Jurassic (see Walker 1992, Taylor
1994). Pagurized shells encrusted by bryozoans pre-
served in the lower beds of the San Julián Formation
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(late Oligocene) in Santa Cruz Province are abundant
enough that a representative number of specimens can
be analyzed. The relationship between bryozoans and
pagurids takes place when the bryozoan begins to bud
an encrusting colony on a gastropod shell. The gastro-
pod host may belong to various taxa providing a suit-
able benthic island (Carter 1972, Hoffmann & Krobicki
1989) substrate of biogenic origin for larval settlement.
Hippoporidra Canu & Bassler, 1927 is an Eocene–
Holocene cheilostome bryozoan genus predominantly
encrusting gastropod shells inhabited by hermit crabs
(Taylor 1994, Taylor & Schindler 2004). This paper
aims to record the presence of Hippoporidra in the
Gran Bajo Member of the San Julián Formation and to
describe the morphology of its autozooids and poly-
morphs based on scanning electron microscopy for the
first time. The faunal context of Hippoporidra and its
palaeobiogeographic distribution in the Southern Hemi-
sphere are also discussed.

Geological setting
The specimens were recorded at the locality known as
‘Conito Colmena’ in Santa Cruz Province, Argentina
(Fig. 1A). Erdmann et al. (2008) recorded exposures of
the Gran Bajo Member of the San Julián Formation
(Bertels 1970, 1979) at this site. The Gran Bajo
Member is restricted to exposures at the base of the
cliffs surrounding the depression known as Gran Bajo
de San Julián and a few scattered localities along the
coast in the vicinity of Puerto San Julián. The San

Julián Formation includes a maximum of 80 m of silici-
clastic sediments represented by yellow and brownish
sandstones, greenish-grey limestones, shell beds and
thin conglomerates (Erdmann et al. 2008; Fig. 1B). It
also hosts tuffaceous beds with a few coal-bearing lay-
ers (Panza et al. 1995). The depositional environment
was a coastal plain to a sandy shallow platform (Náñez
et al. 2009).

The San Julián Formation has been variously attrib-
uted an early Eocene to early Miocene (Panza et al.
1995, Parras & Casadío 2005), or late Eocene to early
Oligocene age based on the microfossil fauna (Bertels
1970, 1975, 1979, Náñez 1990, Náñez et al. 2009,
Malumián et al. 1998, Malumián 1999). Recently,
87Sr/86Sr isotopic dating yielded a late Oligocene age
(Parras & Casadío 2002, Parras et al. 2012).

Material and methods
All material collected comes from the same locality and
bed, i.e., ‘Conito Colmena’ (49°24ʹ33.03ʺS,
67°57ʹ56.20ʺW; Fig. 1A). Colonies were analyzed and
photographed using a Leica MZ95 binocular micro-
scope with a Leica IC 80 HD camera and a Philips
series XL model 30 SEM at the Museo Argentino de
Ciencias Naturales (MACN). The megascopic material
was examined under direct light with a hand lens and
photographed using a Nikon D100 digital camera, and
is housed in División Paleozoología Invertebrados,
Museo de La Plata (MLP).

Fig. 1. A, Map of the study area. B, Measured section from the San Julián Fomation at the “Conito Colmena” quarry in Santa Cruz province; the
arrow indicates the fossiliferous level.
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Type specimens are housed in the collection of
Dipartimento di Scienze della Terra dell’Ambiente e della
Vita (DISTAV), Università degli Studi di Genova, Italy.
Supplementary materials are housed in Universidad de
Buenos Aires (UBA), Facultad de Ciencias Exactas y Natu-
rales, Colección Ciencias Geológicas CPBA, Argentina.

Systematic palaeontology
Order CHEILOSTOMATA Busk, 1852
Suborder ASCOPHORA Levinsen, 1909
Infraorder LEPRALIOMORPHA Gordon, 1989
Family HIPPOPORIDRIDAE Vigneaux, 1949

Hippoporidra Canu & Bassler, 1927

Type species. Cellepora edax Busk, 1859 [revised by Taylor
& Cook, 1981], Pliocene (Coralline Crag), Suffolk, UK.

Hippoporidra patagonica (Pallaroni, 1920) comb. nov.
(Figs 2, 3)

* 1920 Cellepora patagonica Pallaroni, p. 22, figs 1–4.
v. 1956 Cellepora parasitica Mich.; Leanza, p. 146,

figs 1–3.

1994 Celleporaria patagonica (Pallaroni); Taylor,
p. 174, fig 10E.

Diagnosis. Colony robust, multilamellar, very thick,
covering the whole external surface of gastropod shells.
Autozooids chaotically arranged, without distinguish-
able boundaries, their convex frontal wall pierced by
areolae only. Orifice semicircular, with straight proximal
border. A pair of small condyles separating the small
poster from the anter. Monticules scattered over the col-
ony surface in a quincuncial pattern, composed of sev-
eral cortical zooids with protruding frontal walls and
orifices slightly smaller than those of autozooids. Peri-
stomial avicularia small, ovate, with complete pivotal
bar, close to the proximal margin of the orifice, usually
on a peristomial suboral umbo. Interzooidal avicularia
large, protruding, ovate, with blunt, triangular rostrum
and a complete pivotal bar. Ovicells unknown.

Types. The syntypes are four specimens examined by
Pallaroni (1920) (the two lower ones of fig. 1, and two
sectioned specimens illustrated in fig. 2) DISTAV: N.
3079/ROV 1. Collected by Prof. Gaetano Rovereto in
San Julián (locality not precisely stated) [Patagoniano

Fig. 2. Gastropod-like colonies of Hippoporidra patagonica. A, Exterior of colony [MLP34490]; B, another colony showing a protruding last
whorl disrupting the original pattern produced by the gastropod shell [MLP33773]; C, longitudinal section showing successive cross-sections of the
helicospiral tubular cavity constructed by the bryozoan colony [MLP33778]; D, detailed view of the longitudinal section of the colony (boxed area
as marked in fig. 2C); E, monticules showing a quincuncial pattern [MLP33768]. Scale bars = 10 mm.
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inf. (Eocene); sensu Ameghino 1906]. The lower-left
specimen illustrated in Pallaroni’s (1920, fig. 1) is here
designated the lectotype.

Material. There are 13 new colonies registered under
the numbers MLP 33768–33778, 34490, 34491. This
new material consists of gastropod-shaped bryoliths of
variable dimensions (Table 1). UBA, Facultad de Cien-
cias Exactas y Naturales, Colección Ciencias Geológi-
cas CPBA No. 6605, three figured specimens examined
by Leanza (1956, fig. 1), from Puerto San Julián [not
‘San Juan’ as stated by Leanza (1956, p. 146) owing to
a typist’s mistake], Santa Cruz.

Locality. ‘Conito Colmena’ Santa Cruz Province,
Argentina (Fig. 1A).

Occurrence. Gran Bajo Member, San Julián Formation,
late Oligocene (Parras & Casadío 2002, Parras et al. 2012).

Description. The encrusting and monticulated colony
entirely covers the gastropod shell used as the substrate for
the initial settlement of a larva. The colony shape may be
irregular but usually attains a gastropod-like morphology
(Fig. 2A, B). Colony dimensions are 23–59 mm in length
× 20–47 mm in width (Table 1). It forms a multilamellar
structure that becomes very thick internally (Fig. 2C, D).
The colony continues growing beyond the shell aperture
and commonly rectifies or changes orientation with respect
to the shell axis. The aperture that the bryozoan leaves for
the crab becomes subcircular (Fig. 2A) with a maximum
diameter of 8–13 mm. The external surface of the colony
develops conspicuous monticules showing a quincuncial
pattern, having a centre-to-centre spacing of 2.85 mm
(Fig. 3A). The cortical zooids that make up these struc-
tures are considerably modified with respect to autozooids,
with a massive and compact protuberance in the centre of
their frontal walls (Fig. 3B).

The autozooids are arranged chaotically and are dif-
ficult to discriminate from each other. Their frontal
walls are pierced by a single row of large marginal

areolae (Fig. 3C). The orifice is semicircular, with a
straight or slightly concave proximal border, 0.08–0.10
mm long × 0.12–0.14 mm wide, with small, rounded
condyles separating a larger anter from a smaller poster
(Fig. 3D). The marginal areolae are scarce and very
large; they are located around the orifice and along the
borders between zooids, and are separated from each
other by nodular septa. Interzooidal avicularia are larger
than autozooids, randomly directed, scattered across in-
termonticular areas, 0.34–0.36 mm long × 0.24–0.30
mm wide, globular and protruding, with a subtriangular,
blunt rostrum and a complete pivotal bar (Fig. 3E).
Suboral, adventitious avicularia are small, elliptical,
with a complete pivotal bar, commonly associated with
a suboral umbo (Fig. 3F). Ovicells unknown.

Occurrence. Patagonia San Julián, in beds referred to the
‘Patagoniano inferior’ (Eocene; sensu Ameghino 1906,
Pallaroni 1920). The specimens were preserved in the
bioclastic bed from the San Julián Formation exposed at
‘Conito Colmena’. The gastropod-like colonies were
found together with a rich fauna of shallow-water oyster
banks (Parras & Casadío 2002, Náñez et al. 2009).

Remarks. The presence of Hippoporidra in the San
Julián Formation expands the range of biotic interac-
tions known for the late Oligocene fauna and represents
the first record of the genus from South America and
the southernmost record known to date. It extends the
southern distributional boundary of the genus by 15° of
latitude.

Hippoporidra patagonica is abundant in the San
Julián Formation. The colonies cover the external sur-
faces of gastropods and project beyond the aperture of
the shell, maintaining a residence for the hermit crab.
The colony continues developing the normal shape of
the gastropod shell (Taylor & Cook 1981, Walker
1992), although in some specimens the helicoid pattern
may be altered.

In addition to H. patagonica, other extant and fossil
species are assigned to Hippoporidra: H. edax (Busk,
1859), Miocene to Pliocene of W Europe and E USA,
up to Holocene of the east coast of the USA and
circum-Caribbean; H. senegambiensis (Carter, 1882),
Holocene, West Africa; H. picardi (Gautier, 1962),
Holocene, Aegean Sea and South Africa; H. littoralis
Cook, 1964, Holocene, West Africa; H. lusitania Taylor
& Cook, 1981, Holocene, North Sea; H. dictyota
Ryland, 2001, Holocene, Atlantic Coast of North
America; H. portelli Taylor & Schindler, 2004, Eocene,
North America.

Hippoporidra patagonica can be distinguished from
the other species in the genus by the peculiar shape of
its interzooidal avicularia and the morphology of its ori-
fice, which is semicircular with a straight proximal bor-
der, instead of cleithridiate. The adventitious avicularia
are commonly located on a suboral umbo, a feature that
is absent in other species of Hippoporidra. In addition,

Specimen no. Maximum length (mm) Maximum width (mm)

MLP 33768 33 21
MLP 33769 33 24
MLP 33770 23 20
MLP 33771 51 36
MLP 33772 51 37
MLP 33773 34 29
MLP 33774 34 28
MLP 33775 – 33
MLP 33776 46 44
MLP 33777 56 39
MLP 33778 44 35
MLP 34490 59 47
MLP 34491 58 43
CPBA 6605 44 38

Table 1. Lengths and widths (mm) of colonies of Hippopori-
dra patagonica in the collection of the Museo de La Plata and
Facultad de Ciencias Exactas y Naturales, UBA.
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the zoaria of H. patagonica do not produce the thick,
bifurcating branches characteristic of other species of
the genus (e.g., Taylor & Schindler 2004). No ovicells
were observed by Pallaroni (1920) and none is present
in the available material. Concerning the species name
applied by Leanza (1956) to his Argentinean specimens,
it may be recalled that French material from the Faluns
de Touraine referred to ‘Cellepora parasitica Michelin’
(e.g., Roger & Buge 1948) was subsequently placed in
Hippoporidra, according to Taylor (1994, see also Taylor
& Cook 1981). On the other hand, the Patagonian record
by Taylor (1994, fig. 10E) is tentatively included in
H. patagonica pending confirmation, since that specimen
(BMNH D 52745) has not been examined by us, and its
zooidal morphology has not been illustrated.

Discussion
Bryozoans are well represented in Paleogene and
Neogene deposits of Argentina (Ortmann 1900, 1902,
Canu 1904, 1908, 1911, Pallaroni 1920, Conti 1949,

Muravchik et al. 2004). They are abundant and diverse
in association with the rich molluscan fauna represented
in the Cenozoic marine strata of Patagonia.

Palaeoecological and palaeobiogeographical significance

Leanza (1956) described the morphology of gastropod-
like specimens heavily encrusted by bryozoans available
to him. Endorsing Pallaroni’s ideas, he interpreted the
process generating the structures and also analyzed pal-
aeoecological aspects of a colony he regarded as
belonging to Cellepora, which was found surrounding a
pagurized shell of Turritella ambulacrum Sowerby,
1846 (see Leanza 1956, fig. 3). That author considered
the relationship to be a case of mutualism in which the
bryozoan begins to bud a colony on the gastropod shell
and later builds a conical tube in which the hermit crab
lives. As the crab grows, instead of abandoning the
shell to find a new one, as is usual in non-bryozoan-
colonized shells (with the risks entailed in this process),

Fig. 3. Details of Hippoporidra patagonica colonies illustrated by SEM. A, Monticules (scale bar = 1000 µm); B, general aspect of a cortical
zooid (scale bar = 250 µm) [MLP33768]; C, autozooids, monticule and orifices (scale bar = 500 µm); D, detail of orifice (scale bar = 100 µm); E,
Interzooidal avicularium (scale bar = 100 µm); F, suboral adventitious avicularium (scale bar = 50 µm). [A, C, D, E, F: MLP33769]
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it induces the colony to keep growing along the widen-
ing rim of the tube in which it lives, while thickening
the wall. This explains why the gastropod-like tubular
structure formed by the colony remains open, i.e., the
living hermit crab avoids occlusion of the aperture by
the continually growing colony, and at the same time
benefits from such a relationship (Taylor 1994, Williams
& McDermott 2004, Klicpera et al. 2013). Structures
formed under this peculiar growth relationship differ
markedly from those bryoliths generated by circumrota-
tory encrustation of empty non-pagurized gastropod
shells—or other bioclastic nuclei—as revealed in
longitudinally sectioned specimens (cf. Kidwell &
Gyllenhaal 1998).

Ryland (2001) showed that the monticules of the liv-
ing colonies of Hippoporidra dictyota are composed of
male zooids bearing reduced, non-feeding lophophores,
which are involved in the formation of excurrent outlets
(Banta et al. 1974).

The record of Hippoporidra patagonica in the Gran
Bajo Member of the San Julián Formation in Patagonia
confirms the presence of this genus at the southern tip
of South America and supports a Pan-Atlantic distribu-
tion for the genus during the Cenozoic (Taylor & Cook
1981). This new, southernmost, record shows that the
genus was more widespread during the Oligocene than
at present, since Hippoporidra seems to be absent from
the cold-temperate seas of the southwestern Atlantic
(see López Gappa 2000). Variations in the seawater
conditions along the Atlantic coast of southern
Patagonia may be better understood by analyzing the
tectonic and oceanographic history of southern South
America and Antarctica. After the Drake Passage
opened to deep water circulation during the Eocene–
Oligocene transition (ca 31–32 Ma; Lawver & Gahagan
2003, and references therein), thus allowing the devel-
opment of the cold Malvinas/Falkland Current, a pro-
gressive northwards shift of thermally sensitive
brachiopods (from Antarctica to Uruguay and Brazil)
took place (Manceñido & Griffin 1988). Moreover,
according to a biogeographical analysis of the Miocene
molluscan faunas of Argentina and Uruguay by Martí-
nez & del Río (2002), several dominant Caribbean
bivalves and gastropods have likewise moved north-
wards, or become extinct locally. Analyses of the bryo-
zoan faunas from these regions could be usefully
employed to test the consistency of these biogeographic
trends.

Acknowledgements
Special thanks to Paul Taylor and Marcelo Sánchez-
Villagra for help with the literature; to Maria Cristina
Bonzi for her assistance in the search for specimens in
the collection of Dipartimento di Scienze della Terra
dell’Ambiente e della Vita (DISTAV) and for biblio-
graphic advice; and to Marian Tanuz, for her help
to access the fossils in the collection of the UBA.

Emanuela Di Martino, Pierre Moissette and Stephen
McLoughlin are acknowledged for their constructive
comments on an earlier version of this paper. This
research was supported by CONICET through a post-
doctoral fellowship to LMP. We are grateful to Fabián
Tricárico who operated the Scanning Electron Micro-
scope at MACN. We acknowledge financial support by
CONICET [PIP 2013-2015 No. 00247 to JLG] and
ANPCyT [PICT 2012-1043 to JLG and PICT 2012-
1726 to MG and GP].

References
AMEGHINO, F., 1906. Les formations sédimentaires du Crétacé supéri-

eur et du Tertiaire de Patagonie. Anales del Museo Nacional de
Buenos Aires 15, 1–568.

BANTA, W.C., MCKINNEY, F.K. & ZIMMER, R.L., 1974. Bryozoan mont-
icules: excurrent water outlets? Science 185, 783–784.

BERTELS, A., 1970. Sobre el ‘Piso Patagónico’ y la representación de
la época del Oligoceno en Patagonia Austral. Revista de la Asoci-
ación Geológica Argentina 25, 495–501.

BERTELS, A., 1975. Bioestratigrafía del Paleógeno en la República
Argentina. Revista Española de Micropaleontología 7, 429–450.

BERTELS, A., 1979. Estratigrafía y micropaleontología de la Formación
San Julián en su área tipo, provincia de Santa Cruz, República
Argentina. Ameghiniana 14, 233–293.

BROOD, K., 1981. Miocene Bryozoa from Guadal Formation at the
southern border of Lago General Carrera, Aysen, region of Chile,
South America. Revista Geológica de Chile 12, 59–77.

BUSK, G., 1852. An account of the Polyzoa and sertularian zoophytes
collected in the voyage of the Rattlesnake on the coast of Austra-
lia and the Louisiade Archipelago. In Narrative of the Voyage of
H.M.S. Rattlesnake, Commanded by the Late Captain Owen Stan-
ley, During the Years 1846–1850. J. MAC GILLIVRAY, ed., Boone,
London, 343–402.

BUSK, G., 1859. A Monograph of the Fossil Polyzoa of the Crag.
Monographs of the Palaeontographical Society 11 (49), London,
136 pp. [for 1857]

CANU, F., 1904. Les bryozoaires du Patagonien. Echelle des bryozo-
aires pour les terrains Tertiaires. Mémoires de la Société Géologi-
que de France, Paléontologie 12(33), 1–30.

CANU, F., 1908. Iconographie des bryozoaires fossiles de l’Argentine.
Première partie. Anales del Museo Nacional de Buenos Aires, ser.
3(10), 245–341.

CANU, F., 1911. Iconographie des bryozoaires fossiles de l’Argentine.
Deuxième partie. Anales del Museo Nacional de Buenos Aires,
ser. 3(14), 215–291.

CANU, F. & BASSLER, R.S., 1927. Classification of the Cheilostomatous
Bryozoa. Proceedings of the United States National Museum 69,
1–42.

CARTER, H.J., 1882. Remarkable forms of Cellepora and Palythoa
from the Senegambian coast. Annals and Magazine of Natural
History 5(9), 416–419.

CARTER, R.M., 1972. Adaptations of British chalk Bivalvia. Journal of
Paleontology 46, 325–341.

CONTI, S., 1949. I Briozoi del Aonichense (Superpatagoniano) di S.
José nella Peninsola Valdez (Argentina). Annali del Museo Civico
di Storia Naturale Giacomo Doria, Genova 63, 283–293.

COOK, P.L., 1964. Polyzoa from West Africa. Note on the genera Hippo-
porina Neviani, Hippoporella Canu, Cleidochasma Harmer and
Hippoporidra Canu & Bassler (Cheilostomata, Ascophora). Bulletin
of the British Museum (Natural History). Zoology Series 12, 1–35.

ERDMANN, S., BELLOSI, E. & MORRA, G., 2008. Una nueva especie de
coral solitario (Scleractinia, Turbinoliidae) de la Formación San
Julián (Oligoceno superior, Santa Cruz) en su contexto estra-
tigráfico y paleoambiental. Revista del Museo Argentino de Cien-
cias Naturales 10, 255–262.

FRENGUELLI, J., 1920. Contribución al conocimiento de la geología de
Entre Ríos. Boletín de la Academia Nacional de Ciencias de
Córdoba 24, 55–256.

6 LEANDRO MARTÍN PÉREZ et al. ALCHERINGA

D
ow

nl
oa

de
d 

by
 [

M
ig

ue
l M

an
ce

ni
do

] 
at

 1
0:

32
 0

9 
Fe

br
ua

ry
 2

01
5 



FRENGUELLI, J., 1927. El Entrerriense de Golfo Nuevo en el Chubut.
Boletín de la Academia Nacional de Ciencias 29, 191–270.

GAUTIER, Y.-V., 1962. Reserches écologiques sur les Bryozoaires
Chilostomes en Mediterranée occidentale. Travaux de la Station
Marine d’Endoume 38(25), 1–434.

GORDON, D.P., 1989. The marine fauna of New Zealand: Bryozoa:
Gymnolaemata (Cheilostomida Ascophorina) from the western
South Island continental shelf and slope. New Zealand Oceano-
graphic Institute Memoir 97, 1–158.

HOFFMANN, M. & KROBICKI, M., 1989. Oyster buildup within the dis-
aerobic-facies mudstones (Middle Jurassic, Central Poland)—
Example of benthic island colonization. Annales Societatis
Geologorum Poloniae 59, 299–330.

KIDWELL, S.M. & GYLLENHAAL, E.D., 1998. Symbiosis, competition,
and physical disturbance in the growth histories of Pliocene chei-
lostome bryoliths. Lethaia 31, 221–239.

KLICPERA, A., TAYLOR, P.D. & WESTPHAL, H., 2013. Bryoliths con-
structed by bryozoans in simbiotic associations with hermit crabs
in a tropical heterozoan carbonate system, Golfe d’Arguin, Mauri-
tania. Marine Biodiversity 43, 429–444.

KUKLINSKI, P., BARNES, D.K.A. & WLODARSKA-KOWALCZUK, M., 2008.
Gastropod shells, hermit crabs and Arctic bryozoan richness. In
Bryozoan Studies 2007. HAGEMAN, S.J., KEY JR, M.M. &
WINSTON, J.E., eds, Virginia Museum of Natural History Special
Publication Number 15, 93–100.

LAWVER, L.A. & GAHAGAN, L.M., 2003. Evolution of Cenozoic sea-
ways in the circum-Antarctic region. Palaeogeography, Palaeocli-
matology, Palaeoecology 198, 11–37.

LEANZA, A.F., 1956. Mutualismo entre un Ermitaño y un Briozoario
fósiles, cohabitantes en la conchilla de un caracol. Holmbergia 5,
145–148.

LEVINSEN, G.M.R., 1909. Morphological and Systematic Studies on
the Cheilostomatous Bryozoa. Nationale Forfatteres Forlag,
Copenhagen, 431 pp.

LÓPEZ GAPPA, J., 2000. Species richness of marine Bryozoa in the con-
tinental shelf and slope off Argentina (south-west Atlantic).
Diversity and Distributions 6, 15–27.

MALUMIÁN, N., 1999. La sedimentación y el volcanismo terciarios en
la Patagonia extraandina. 1. La sedimentación en la Patagonia ex-
traandina. In Geología Argentina. CAMINOS, R., ed., Servicio
Geológico Minero Argentino, Instituto de Geología y Recursos
Minerales, Anales 29, 557–612.

MALUMIÁN, N., NÁÑEZ, C., QUATTROCCHIO, M. & RUIZ, L., 1998.
Micropaleontología y palinología de la Formación San Julián y
Arcilitas del Cabo Curioso (Eoceno superior-Oligoceno inferior),
provincia de Santa Cruz, Argentina. 7th Congreso Argentino de
Paleontología y Bioestratigrafía (Bahía Blanca), Resúmenes, 35.

MANCEÑIDO, M.O. & GRIFFIN, M., 1988. Distribution and palaeoenvi-
ronmental significance of the genus Bouchardia (Brachiopoda,
Terebratellidina): its bearing on the Cenozoic evolution of the
South Atlantic. Revista Brasileira de Geociências 18, 201–211.

MARTÍNEZ, S. & DEL RÍO, C.J., 2002. Late Miocene mollusks from the
southwestern Atlantic Ocean (Argentina and Uruguay): a palaeo-
biogeographic analysis. Palaeogeography, Palaeoclimatology,
Palaeoecology 188, 167–187.

MCKINNEY, F. & JACKSON, J.B.C., 1989. Bryozoan Evolution. The Uni-
versity of Chicago Press, Chicago and London, 238 pp.

MORRIS, P.A., SOULE, D.F. & SOULE, J.D., 1989. Bryozoans, hermit
crabs, and gastropods: Life strategies can affect the fossil record.
Bulletin of the Southern California Academy of Sciences 88,
45–60.

MURAVCHIK, M., GRIFFIN, M. & PÉREZ, L.M., 2004. Bryozoans from
the Paraná Formation (Miocene), in Entre Ríos province, Argen-
tina. Ameghiniana 41, 3–12.

NÁÑEZ, C., 1990. Foraminíferos y bioestratigrafía del Terciario medio
de Santa Cruz oriental. Revista de la Asociación Geológica
Argentina 43, 493–517.

NÁÑEZ, C., QUATTROCCHIO, M.E. & RUIZ, L., 2009. Palinología y mi-
cropaleontología de las Formaciones San Julián y Monte León
(Oligoceno–Mioceno temprano) en el subsuelo de cabo Curioso,
provincia de Santa Cruz, Argentina. Ameghiniana 46, 669–693.

D’ORBIGNY, A., 1842. Voyage dans l’Amérique méridionale (le Brésil,
la République Argentine, la Patagonie, la République du Chili, la
République de Bolivie, la République du Pérou), executé pendant
les années 1826–1833, Tome 3, 3e part, Géologie. BERTRAND, P.,
ed., Pitoir-Levrault, Paris, 290 pp.

ORTMANN, A.E., 1900. Synopsis of the collections of invertebrate fos-
sils made by the Princeton Expedition to Southern Patagonia.
American Journal of Science, Fourth Series 10, 368–381.

ORTMANN, A.E., 1902. Paleontology Part II. Tertiary invertebrates. In
Reports of the Princeton University Expeditions to Patagonia,
1896–1899. Vol. 4 Paleontology I, part 2. SCOTT, W.B., ed., J.
Pierpont Morgan Publication Fund, Princeton, 45–332.

PALLARONI, M., 1920. Sulla simbiosi di un Briozoario fossile e di un
paguro. Atti della Società Ligustica di Scienze Naturali e Geogra-
fiche. Ser. II 31, 20–28.

PANZA, J., IRIGOYEN, M. & GENINI, A., 1995. Hoja Geológica 4969-IV
Puerto San Julián. Secretaría de Minería, Dirección Nacional del
Servicio Geológico, Boletín 211 (nueva serie), 1–78.

PARRAS, A. & CASADÍO, S., 2002. Oyster concentrations from the San
Julián Formation, Paleogene of Patagonia, Argentina: Taphonomic
Analysis and Paleoenvironmental implications. In Current Topics
on Taphonomy and Fossilization, 3. Taphonomy of the Shell Con-
centrations. DE RENZI, M. et al., eds, Collecció Encontres, 5,
Ajuntament de Valencia, 207–213.

PARRAS, A. & CASADÍO, S., 2005. Taphonomy and sequence strati-
graphic significance of oyster-dominated concentrations from the
San Julián formation, Oligocene of Patagonia, Argentina. Palae-
ogeography, Palaeoclimatology, Palaeoecology 217, 47–66.

PARRAS, A., DIX, G. & GRIFFIN, M., 2012. Sr-Isótopos cronoestratig-
rafía de depósitos marinos Paleógeno-Neógeno: Cuenca Austral,
al sur de la Patagonia (Argentina). Journal of South American
Earth Sciences 37, 122–135.

ROGER, J. & BUGE, E., 1948. L’Association Céllepore-Gastropode dans
les Faluns de la Touraine. Bulletin de la Société Géologique de
France (5) 17, 461–470. [for 1947]

RYLAND, J.S., 2001. Convergent colonial organization and reproductive
function in two bryozoans species epizoic on gastropod shells.
Journal of Natural History 35, 1085–1101.

SOWERBY, G.B. II, 1846. Descriptions of Tertiary fossil shells from
South America. In Geological Observations on South America.
DARWIN, C., ed., Elder & Co., London, 249–279.

TAYLOR, P.D., 1994. Evolutionary palaeoecology of symbioses between
bryozoans and hermit crabs. Historical Biology 9, 157–205.

TAYLOR, P.D. & COOK, P.L., 1981. Hippoporidra edax (Busk, 1859)
and a revision of some fossil and living Hippoporidra (Bryozoa).
Bulletin of the British Museum (Natural History). Geology 35,
243–251.

TAYLOR, P.D. & SCHINDLER, K.S., 2004. A new Eocene species of the
hermit-crab symbiont Hippoporidra (Bryozoa) from the Ocala
Limestone of Florida. Journal of Paleontology 78, 790–794.

TAYLOR, P.D., SCHEMBRI, P.J. & COOK, P.L., 1989. Symbiotic associations
between hermit crabs and bryozoans from the Otago region, south-
eastern New Zealand. Journal of Natural History 23, 1059–1085.

VIGNEAUX, M., 1949. Révision des Bryozoaires néogènes du Bassin
d’Aquitaine et essai de classification. Mémoires de la Société
Géologique de France 28, 1–153.

WALKER, S.E., 1992. Criteria for recognizing marine hermit crabs in
the fossil record using gastropod shells. Journal of Paleontology
66, 535–558.

WILLIAMS, J.D. & MCDERMOTT, J.J., 2004. Hermit crab biocoenoses: a
worldwide review of the diversity and natural history of hermit
crab associates. Journal of Experimental Marine Biology and
Ecology 305, 1–128.

ALCHERINGA OLIGOCENE EPIBIONT BRYOZOANS ON GASTROPODS 7

D
ow

nl
oa

de
d 

by
 [

M
ig

ue
l M

an
ce

ni
do

] 
at

 1
0:

32
 0

9 
Fe

br
ua

ry
 2

01
5 


	Abstract
	 Geological setting
	 Material and methods
	 Systematic palaeontology
	 Discussion
	 Palaeoecological and palaeobiogeographical significance

	Acknowledgements
	References



