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ABSTRACT:

Radwanska, U. 2018. A commensal relationship between alpheid crustaceans and gobiid fish in the middle
Miocene of southern Poland (Central Paratethys). Acta Geologica Polonica, 68 (4), 597-605. Warszawa.

Remains of decapod crustaceans of the family Alpheidae Rafinesque, 1815 and bony fish of the family Gobiidae
Bonaparte, 1832 co-occur at a number of localities in the Korytnica Basin (Holy Cross Mountains) and in a
newly exposed section along a stream near Niskowa (Outer Carpathians), both in southern Poland. These re-
mains (alpheid major right-sided cheliped tips and gobiid otoliths) are interpreted as documenting a commensal
partnership that existed in the shallowest zones of the middle Miocene Fore-Carpathian Basin in southern

Poland under environmental conditions that must have been comparable to those of the present-day tropical/

subtropical Indo-West Pacific and Caribbean.
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INTRODUCTION

The rich and hugely diverse organic life of the
middle Miocene epicontinental sea in southern Poland
and the Ukraine that has been distinguished as the
northern (Fore-Carpathian) part of the so-called
Central Paratethys, has been studied for almost two
centuries. In addition to the alpha taxonomy of partic-
ular animal groups, these studies have focused on pa-
lacobiological and palacoecological interpretations of
selected forms, as well as their diversity and interre-
lationships (see Batuk and Radwanski 1977; Hoffman
1977; Radwanski 1977; Radwanska 1992; Radwanski
etal. 2006, 2012; Wysocka et al. 2012, 2016; Zagorsek
et al. 2012, and references therein).

During screening of fossil assemblages in the last
decades, a few tiny (meso- and micro-sized), broad
claws have been handpicked; these have remained
enigmatic and indeterminate until recently. Such
claws are known from two localities (Korytnica in the

Holy Cross Mountains and a new section along the
Kamienica Nawojowska stream near Niskowa in the
Carpathians), from where ubiquitous fish otoliths had
been studied previously (Radwanska 1992), the most

characteristic amongst them being those of gobiids.

Forms identical to these ‘enigmatic claws’ have
recently been recorded by Kobayashi et al. (2008),
Karasawa et al. (2014), Jagt et al. (2015) and Hyzny
et al. (2017) as being those of representatives of the
shrimp family Alpheidae (compare with fig. 3 of
Hyzny et al. 2017), albeit of indeterminate generic
and specific status. Those papers made me reflect
on the possible connection of such ‘enigmatic claws’
with gobiid fish, to an extent that is similar to, or
identical with, that of the present-day partnership
between gobiids and alpheids. Although, for the time
being, these alpheid claws cannot be identified to
genus or species, it may be suggested that their be-
haviour was analogous to that of modern pistol (or

snapping) shrimps.
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Text-fig. 1. Location of the Kamienica Nawojowska section. A —
General map of Poland, to locate the region in which the middle
Miocene (Badenian) clays are exposed; N.S. — Nowy Sacz; B —
Nowy Sacz region with the section marked, after Bitner and Kaim
(2004); C — Alpheid/gobiid-bearing middle Miocene (Badenian)
clayey sequence in the banks of the Kamienica Nawojowska
stream, having been eroded and temporarily exposed during an im-
mense flood in the summer of 2004; photograph by W. Batuk

PROVENANCE OF THE MATERIAL

At Korytnica (Mt. Lysa site, Korytnica Basin, to
the south of the Holy Cross Mountains), alpheid claws
have been collected as a ‘by product’ when sieving
samples of the Korytnica Clays from the littoral zone
for fish otoliths (see Radwanska 1992, figs 1, 2). At

a new locality near Niskowa (Carpathians) (Text-fig.
1A, B), a middle Miocene ( Badenian; for a detailed
discussion on the age of this locality see Studencka,
this volume) clay sequence rests unconformably on a
folded Carpathian flysch substrate, having been more
or less faulted (see Batuk 1970; Radwanska 1992,
pp- 156, 157, figs 1, 7). During the last three decades,
this section has been temporarily exposed along the
banks of the Kamienica Nawojowska stream (Text-
fig. 1C), a tributary of the Dunajec River. Preliminary
accounts of the fossil contents have appeared in re-
cent years (Bitner and Kaim 2004; Szczechura 2006).
The material studied has recently been obtained by
Professor Wactaw Batuk from washed and sieved clay
residues with gastropod assemblages.

All specimens discussed and illustrated herein
are housed in the Stanistaw Jozef Thugutt Geological
Museum of the Faculty of Geology, University of
Warsaw and are prefixed with MWG UW ZI1/56.

REMARKS ON ALPHEID CLAWS
AND OTOLITH TAPHONOMY

The alpheid claws, as well as the gobiid oto-
liths from the Korytnica Clays and the Kamienica
Nawojowska section near Niskowa are represented
only by isolated elements; this is a typical state of
preservation of these two groups. The elements are
very well preserved (Text-figs 2—4), and do not dis-
play broken and/or rounded margins and abraded sur-
faces characteristic of mechanical abrasion due to
long transport and/or reworking before final burial.
On the contrary, many specimens have a relatively
“fresh”, glassy surface (Text-figs 2—4). Furthermore,
there is no evidence of taphonomic sorting of the
material studied. According to the present author, the
collected specimens of alpheid claws and gobiid oto-
liths have an autochthonous character, as has almost
the entire assemblage of invertebrate and vertebrate
faunal remains recognised in the studied localities
(e.g., Batuk and Radwanski 1977; Radwanska 1992).

GENERAL REMARKS ON RECENT ALPHEID/
GOBIID COMMENSAL RELATIONSHIPS

To begin with, the genus Alpheus Weber, 1795
should be considered. Some of its species, such as
A. djiboutensis De Man, 1909, A. heterochaelis Say,
1818 or A. bellulus Miya and Miyake, 1969, burrow
at shallow subtidal depths (see Luther 1958; Moore
and McCormick 1969, fig. 24/3a, 3b; Karplus 1987,
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Text-fig. 2. Middle Miocene (Badenian) alpheid snapping shrimps, movable fingers of 1% right-sided cheliped in outer (1a, 2a, 3a) and inner
(1b, 2b, 3b) views, specimens MWG UW/Z1/56/21-23 from Korytnica, Holy Cross Mountains. Photographs by L. Luszczewska

fig. 5, respectively), contrary to those that prefer-
entially produce burrow systems intertidally, such
as A. californiensis Holmes, 1900, the famous pistol
shrimp of the tidal flats of California (see Moore
and McCormick 1969, fig. 38/4a, 4b). The captivat-
ing popular names of extant species refer to the loud
snapping noise that cheliped claws make, associated
with a violent squirt in the direction of an adversary
or item of prey.

Irrespective of a detailed taxonomic assessment,
these ‘enigmatic claws’ (Text-figs 2 and 3) are inter-
preted as the tips of cheliped palms, either of fixed
fingers, or movable ones, or both. It is suggested that
these were more heavily calcified than the proximal
parts of chelipeds that are invariably missing from
the material studied.

The peculiar requirements of some extant al-
pheids and their intriguing partnerships with gobiid
fish have occasionally been studied, both in the field
and in the laboratory (aquaria). The first remarkable
report was that by Luther (1958), who studied the
behaviour of 4. djiboutensis in the Red Sea, and doc-
umented the near-obligatory partnership of that spe-
cies with a gobiid that takes care of the burrow they
inhabit together. Moreover, as the shrimp is almost
blind, the fish guides it outside the burrow, warns

it in case of danger so that it can flee into the bur-
row and disappear. What was more unexpected was
the fact that this commensal pair, when reared in an
aquarium by Luther (1958), proceeded in the same
way. The gobiid led the alpheid and they moved to-
gether along the walls of the aquarium, even if there
was no possibility of producing a burrow.

Soon after this study, it appeared that the alpheid/
gobiid commensalism was very common in the Red
Sea (Karplus 1987 and references therein) and across
the entire Indo-West Pacific, with records by Macnae
and Kalk (1962) from Mozambique, by Palmer (1963)
from the Persian Gulf and by Farrow (1971) from the
Aldabra Atoll in the Indian Ocean. As a result, we
now know that alpheids, in sexual pairs, are associ-
ated with a gobiid that can even assist enlarging the
common burrow. The frequency of alpheid burrows
inhabited by a gobiid amounts to 75% (Farrow 1971,
p. 486).

Commensal associations between gobiid fishes
and various other invertebrates are well known. Many
gobies inhabit burrows in sand or mud with the ghost
shrimp Callianassa Leach, 1814 and were the sub-
ject of classical studies by MacGinite and MacGinite
(1949). Some of the goby species are also known to
be closely associated with sponges and are regarded
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Text-fig. 3. Middle Miocene (Badenian) alpheid snapping shrimps; moveable fingers of major right-sided cheliped; 1-4 — Specimens MWG
UW/Z1/56/1-4 from Korytnica, Holy Cross Mountains; 5-8 — Specimens MWG UW/ZI/56/5-8 from the Kamienica Nawojowska section near
Niskowa, Carpathians
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as sponge inhabitants (e.g., Colin 2002; Randall and
Lobel 2009). Some of them live among corals where
the goby benefits from the protection and habitat in
the corals (e.g., Herler 2007; Herler et al. 2012).

All these mentioned partnerships may have oc-
curred in the habitat studied in the present work,
except that there is no evidence of the presence of
sponges. Different corals have been noted, but many
of them are small, solitary specimens (Roniewcz and
Stolarski 1991).

It is of interest, although beyond the scope of the
present note, that some other members of the family
Alpheidae display an even more peculiar mode of
life and behavioural style. For instance, amongst the
tiny representatives of the genus Synalpheus Spence
Bate, 1888, their populations occur in two distinct
castes, i.e., queen and soldiers, whose organization
recalls that of bees or termites. Such shrimps oc-
cur in their hundreds in the internal canals of some
Caribbean sponges (see Duffy and Macdonald 1999;
Duffy 2002).

ALPHEID/GOBIID ASSEMBLAGE AND ITS
ENVIRONMENT

The aim of the present paper is to show that the
environmental parameters of the sea water (depth,
salinity, temperature, character of the bottom) in the
middle Miocene (Badenian) Fore-Carpathian Basin),
as well as the life requirements of both alpheids and
gobiids compare well with those of the present-day
Pacific. Under such conditions, the alpheid/gobiid
commensal behaviour has been around for at least 15
million years, and maybe even longer (Hoedemakers
and Van Hinsbergh 2013; Hyzny et al. 2017).

Palacoenvironmental conditions during the
middle Miocene at Korytnica and the Kamienica
Nawojowska section near Niskowa, the two locali-
ties studied, have been recognised as identical with
those required by modern alpheids (e.g., Kim and
Abele 1988; Herler et al. 2012), in reflecting depo-
sition at shallow sublittoral depths, just beneath the
Lower Water Level (LWL), along the rocky shores
that typified the Holy Cross coast (see Radwanski
1969; Baluk and Radwanski 1977, Radwanska and
Radwanski 1984; Radwanska 1992, pp. 147-149).

At Niskowa, similar depositional depths are indi-
cated by the extremely rich and diversified organic
assemblage as a whole (see Batuk 1970; Radwanska
1992). Of special interest, both at Niskowa and the
new section along Kamienica Nawojowska, is the oc-
currence of dasycladacean green algae of the acicu-

larid group that are common in the richest samples
(Batuk 1970, p. 109; Matecki 1970; Szczechura 2006).

As far as the frequency of gobiids in the
Korytnica Basin is concerned, this has been re-
corded as extremely high. In the entire fish assem-
blage based on otoliths of >16,300 specimens (repre-
senting 105 species in 47 families), gobiids account
for as much as 56% of specimens collected. With
the exception of the genera Deltenosteus Gill, 1863
and Gobius Linnaeus, 1758, these otoliths can only
be identified at family rank (Radwanska 1992, pp.
283-293, 311).

At Niskowa, the preservationally biased otolith
assemblage reveals an even greater predominance
of gobiids (92% of a total of 1,578 specimens). Their
small otoliths are well preserved and assignable to
six species (Radwanska 1992, pp. 318, 319). In the
newly collected samples gobiid otoliths constitute the
majority, nearly to the exclusion of other forms.

It should be noted that the alpheid/gobiid partner-
ship is not the only one in the rich fish assemblage at
Korytnica. Representatives of the family Carapidae
Jordan and Fowler, 1902, that live in the intestines
of holothurians, occur rarely. Holothurian sclerites
are especially common in carapid-bearing samples
(see Radwanska 1992, pp. 202-208, 311, 315). The
most notable is Carapus cf. caninus (Glnther, 1862),
a close relative of the present-day species from the
New Guinea offshore, but not noted previously from
the fossil record (see Radwanska 1992, pp. 203, 204,
figs 54, 55).

In addition, it is of note to stress that the sug-
gested burrows inhabited by the alpheid/gobiid com-
mensal partners, must have been distinctly simpler
than those of modern intertidal specimens. Those
are typically multi-tiered, as is illustrated by those of
Alpheus floridanus Kingsley, 1878 from Florida and
the Bahamas (see Shinn 1968, pl. 109) or A. hetero-
chaelis from the coast of Georgia, USA (see Howard
and Frey 1975, pl. 10). In the middle Miocene
(Badenian) sequence of the Fore-Carpathian Basin,
such intertidal networks of alpheid burrows have so
far been recorded only from the Ukraine, i.e., carbon-
ate buildups of the Medobory Biohermal Complex
(see Radwanski et al. 2006, pp. 96, 97, figs 4—6). The
older sequences in Poland that have yielded inter- to
subtidal networks of alpheid burrows are those of
some Upper Jurassic (lower Kimmeridgian) baha-
mites in the Holy Cross Mountains. In that area,
they commonly served as cryptic refuges for liv-
ing echinoderms, mostly comatulid crinoids, or as
taphonomic traps of their corpses (see Radwanska
2005, 2014).
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Text-fig. 4. Middle Miocene (Badenian) representatives of the family Gobiidae; 1-8 — Specimens MWG UW/Z1/56/9-16 from Korytnica, Holy
Cross Mountains; 9-12 — Specimens MWG UW/Z1/56/17-20 from the Kamienica Nawojowska section near Niskowa, Carpathians
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CONCLUSIONS

The common co-occurrence of cheliped remains
of alpheid snapping shrimps and otoliths of gobiid
fishes in some samples from Korytnica and the
Kamienica Nawojowska section near Niskowa, sug-
gests a commensal relationship that is comparable
to the modern one in all aspects (burrow construc-
tion, guarding and assistance). In addition, the new
finds allow the reconstruction of a middle Miocene
seascape that matches the present-day, inter- to
subtidal or lagoonal zones of the Indo-West Pacific
and Caribbean (compare Luther 1958; Shinn 1968;
Farrow 1971; Howard and Frey 1978; Forster 1979;
Karasawa et al. 2014). Such a scenario, in particular
with regard to the depth and climatic conditions of
the Indo-West Pacific, supplements previous inter-
pretations on the basis of various invertebrates and
some fishes (see Batuk and Radwanski 1977; Forster
1979; Radwanska and Radwanski 1984; Radwanska
1992; Radwanski et al. 2006; Wysocka et al. 2012,
2016; Zagorsek et al. 2012).

The commensal behaviour of alpheid snapping
shrimps gobiid fishes, of significance for evolution-
ary palacobiology (see Boucot 1990) and panglobal
in the tropics today, has been around for at least 15
million years, since middle Miocene time, if not even
longer.

Acknowledgements

I would like to offer most cordial thanks to Prof. Dr W.
Batuk, who kindly donated the collected claws specimens from
the Kamienica Nawojowska section for investigation, and to
Dr. John W.M. Jagt for profitable discussion, particularly on
the systematic position of the alpheid material. Thanks to Dr.
Marcin Gorka for processing Text-fig. 1.

REFERENCES

Batuk, W. 1970. The Lower Tortonian at Niskowa near Nowy
Sacz, Polish Carpathians. Acta Geologica Polonica, 20,
101-157.

Batuk, W. and Radwanski, A. 1977. Organic communities and
facies development of the Korytnica Basin (Middle Mio-
cene; Holy Cross Mountains, Central Poland). Acta Geo-
logica Polonica, 27, 85-123.

Bitner, A. and Kaim, A. 2004. The Miocene brachiopods from
the silty facies of the intra-Carpathian Nowy Sacz Basin
(Poland). Geological Quaterly, 48, 193—198.

Boucot, A.J. 1990. Evolutionary paleobiology of behavior and

coevolution, 725 p. Elsevier; Amsterdam-Oxford-New
York-Tokyo.

Bonaparte, C.L. 1832. Iconografia della fauna italica per le
Quattro classi degli animali vertebrate. Tomo III. Pesci, pp.
89-123. Tipografia Salvincci; Roma.

Collin, P.L. 2002. A new species of sponge-dwelling Elacatinus
(Pisces: Gobiidae) from the western Caribbean. Zootaxa,
106, 1-7.

De Man, J.G. 1909. Note sur quelques espéces du genre Alpheus
Fabr., appartenant au groupe brevirostris de M. Mémoires
de la Société Zoologique de la France, 22, 146-164.

Duffy, J.E. 2002. The ecology and evolution of ensociality in
sponge-dwelling shrimp. In: Kikuchi, E. (Ed.), Genes, be-
havior, and evolution in social insects, pp. 1-38. University
of Hokkaido Press; Sapporo.

Dufty, J.E. and Macdonald, K.S. 1999. Colony structure of the
social snapping shrimp Synalpheus filidigitus in Belize.
Journal of Crustacean Biology, 19, 283-292.

Farrow, G.E. 1971. Back-reef and lagoonal environments of Al-
dabra Atoll distinguished by their crustacean burrows. Sym-
posia of the Zoological Society in London, 28, 455-500.

Forster, R. 1979. Decapod crustaceans from the Middle Mio-
cene (Badenian) deposits of southern Poland. Acta Geolo-
gica Polonica, 29, 89—-106.

Gill, T.N. 1863. Description of the Gobioid genera of the west-
ern coast of the temperate North America. Proceedings
of the Academy of Natural Sciences of Philadelphia, 15,
262-267.

Gtinther, A. 1862. Catalogue of the fishes in the British Museum,
Vol. 4, 534 p. Printed by Order of the Trustees; London.
Herler, J. 2007. Microhabitats and ecomorphology of coral- and
coral-rock associated gobiid fish (Teleostei: Gobiidae) in
the northern Red Sea. Marine Ecology — An Evolutionary

Perspective, 28, 82-94.

Herler, J., Munday, P.L. and Hernaman, V. 2011. Gobies on
coral reefs. In: Patzner, R.A., Van Tassell, J.L., Kovaci¢,
M. and Kapoor, B.G. (Eds), The Biology of Gobies, pp.
493-529. Science Publishers; Jersey, British Isles and En-
field, New Hampshire.

Hoedemakers, K. and Van Hinsbergh, V. 2013. Otolieten uit
Miste en Heist-op-den-Berg: een inventaris. Afzettingen
WTKG, 34 (4), 188-193.

Hoffman, A. 1977. Synecology of macrobenthic assemblag-
es of the Korytnica Clays (Middle Miocene; Holy Cross
Mountains, Central Poland). Acta Geologica Polonica, 27,
227-280.

Holmes, S.J. 1900. Synopsis of California stalk-eyed Crusta-
cea. Occasional papers of the California Academy of Sci-
ences, 1, 1-262.

Howard, J.D. and Frey, R.W. 1975. Estuaries of the Georgia
Coast, U.S.A. Sedimentology and biology. II — Region-
al animal-sediment characteristics of Georgia estuaries.
Senckenbergiana Maritima, 7, 33—103.



www.czasopisma.pan.pl P N www.journals.pan.pl

I

AKADEMIA NAL

604 URSZULA RADWANSKA

Hyzny, M., Kroh, A., Ziegler, A., Anker, A., Kostak, M.,
Schlogl, J., Culka, A., Jagt, J.W.M., Fraaije, R.H.B., Har-
zhauser, M., Van Bakel, B.W.M. and Ruman, A. 2017.
Comprehensive analysis and reinterpretation of Cenozoic
mesofossils reveals ancient origin of the snapping claw of
alpheid shrimps. Scientific Reports, 7, 4076, 1-10.

Jagt, JJW.M., Verschueren, S., Fraaije, R.H.B. and Van Bakel,
B.W.M. 2015. Miocene pistoolgarnalen (Alpheidae) uit
Winterswijk-Miste: wie heeft er toevallig nog liggen? Afzet-
tingen WTKG, 36 (1), 4-5.

Jordan, D.S. and Fowler, H.W. 1902. A review of the ophidoid
fishes of Japan. Proceedings of the Unites States Natural
Museum, 25, 743-766.

Karasawa, H., Kobayashi, N., Goda, T., Ohira, N. and Ando,
Y. 2014. A diversity for crabs (Decapoda) from the middle
Pleistocene Atsumi Group, Japan. Bulletin of the Mizunami
Fossil Museum, 40, 55-73.

Karplus, 1. 1987. The association between gobiid fishes and bur-
rowing alpheid shrimps. Oceanography and Marine Bio-
logy, An Annual Review, 25, 507-562.

Kim, W. and Abele, L.G. 1988. The snapping shrimp genus
Alpheus from the Eastern Pacific (Decapoda: Caridea:
Alpheidae). Smithsonian Contributions to Zoology, 454,
1-114.

Kingsley, J.S. 1878. A synopsis of the North American species
of the genus Alpheus. Bulletin of the United States Geolog-
ical and Geographical Survey, 4, 189-199.

Kobayashi, N., Goda, T., Ohira, N. and Karasawa, H. 2008.
New records of crabs and barnacles (Crustacea; Decapoda
and Cirripedia) frm the Middle Pleistocene Atsumi Group
of Aichi Prefecrure, Japan. Bulletin of the Mizunami Fossil
Museum, 34, 111-115.

Leach, W.E. 1814. Crustaceology. In: Brewster, D. (Ed.), Edin-
burgh encyclopedia, vol. 7, 385-437. Blackwood; Edin-
burgh.

Linnaeus, C. 1758. Systema Naturae per regna tria naturae,
secundum classes, ordines, genera, species, cum characteri-
bus, differentiis, synonymis, locis. Editio decima, reformata,
824 p. Laurentius Salvius; Holmiae.

Luther, W. 1958. Symbiose von Fischen (Gobiidae) mit einem
Krebs (Alpheus djiboutensis) im Roten Meer. Zeitschrift
fiir Tierpsychologie, 15, 175-177.

MacGinite, G.E. and MacGinite, N. 1949. Natural History of
marine animals, 473 p. McGraw-Hill Book Co.; New York.

Macnae, W. and Kalk, M. 1962. The fauna and flora of sand
flats at Inhaca Island, Mosambique. The Journal of Animal
Zoology, 31, 93—128.

Matecki, J. 1970. Chlorophyta from Miocene sediments of Po-
land. Annales Societatis Geologorum Poloniae, 40, 67-76.

Miya, Y. and Miyake, S. 1969. Description of Alpheus bellu-
lus sp. nov. associated with gobies from Japan (Crustacea,
Decapoda, Alpheidae). Publication from the Seto Marine
Biological Laboratory, 16, 307-314.

Moore, R.C and McCormick, L. 1969. General features of
Crustacea. In: Moore, R.C. (Ed.), Treatise on Invertebrate
Paleontology, Part R. Arthropoda 4, Volume 1, pp. R57—
R120. The Geological Society of America; Boulder/The
University of Kansas Press; Lawrence.

Palmer, G. 1963. A record of the gobiid fish Cryptocentrus lu-
theri Klausewitz from the Persian Gulf, with notes on the
genus Cryptocentrus. Senckenbergiana Biologica, 44 (6),
447-450.

Radwanska, U. 1992. Fish otoliths in the Middle Miocene (Bade-
nian) deposits of southern Poland. Acta Geologica Polonica
42, 141-328.

Radwanska, U. 2005. Lower Kimmeridgian comatulid crinoids
of the Holy Cross Mountains, Central Poland. Acta Geo-
logica Polonica, 55, 269-282.

Radwanska, U. 2014. Comatulids from Malogoszcz. Rocznik
Muzeum Ewolucji Instytutu Paleobiologii PAN, 6, 17-24.
[In Polish]

Radwanska, U. and Radwanski, A. 1984. A new species of in-
articulate brachiopods, Discinisca polonica sp.n., from the
Korytnica Basin (Middle Miocene; Holy Cross Mountains,
Central Poland). Acta Geologica Polonica, 34, 253-269.

Radwanski, A. 1969. Lower Tortonian transgression onto the
southern slopes of the Holy Cross Mts. Acta Geologica Po-
lonica, 19, 1-164.

Radwanski, A. 1977. Present-day types of traces in the Neo-
gene sequence; their problems of nomenclature and pres-
ervation. In: Crimes, T.P. and Harper, J.C. (Eds), Trace
Fossils 2. Geological Journal Special Issues, 9, 227-264.

Radwanski, A., Gorka, M. and Wysocka, A. 2006. Middle
Miocene coralgal facies at Maksymivka near Ternopil
(Ukraine): a preliminary account. Acta Geologica Polo-
nica, 56, 89—103.

Radwanski, A., Wysocka, A. and Gorka, M. 2012. Miocene
burrows of the ghost crab Ocypode and their environmen-
tal significance (Mykolaiv Sands, Fore-Carpathian Basin,
Ukraine). Acta Geologica Polonica, 62,217-229.

Rafinesque, C.S. 1815. Analyse de la nature ou Tableau de
I’Univers et des Corps organisés, 224 p. Aux dépens de
I’ Auteur; Palerme.

Randal, J.E. and Lobel, P.S. 2009. A literature review of the
sponge-dwelling gobiid fishes of the genus Elacatinus from
the western Atlantic, with description of two new Caribbean
species. Zootaxa, 2133, 1-19.

Roniewicz, E. and Stolarski, J. 1991. Miocene Scleractinia
from the Holy Cross Mountains, Poland; Part 2 — Archae-
ocoeniina, Astraeina, and Funfiiina. Acta Geologica Polo-
nica, 41, 69-83.

Say, T. 1818. An account of the Crustacea of the United States,
part 5. Journal of the Academy of Natural Sciences at Phil-
adelphia, 1,235-253.

Shinn, E.A. 1968. Burrowing in Recent lime sediments of Flori-
da and the Bahamas. Journal of Paleontology, 42, 879—-894.



www.czasopisma.pan.pl P N www journals.pan.pl
I

AKADEMIA NA

ALPHEI/GOBIID COMMENSALISM IN THE MIOCENE OF SOUTHERN POLAND 605

Spence Bate, C. 1888. Report on the Crustacea Macrura col-
lected by Challenger during the years 1873—76. Report on
the Scientific Results of the Voyage of H.M.S. “Challeng-
er” during the years 1873-76, 24, i—xc, 1-942.

Studencka, B. 2018. A new look at the bivalve Anomia ephip-
pium Linneus, 1758 from the Miocene of the Central Pa-
ratethys: an example from the Nowy Sacz Basin in Poland.
Acta Geologica Polonica, 68, 635-650.

Szczechura, J. 2006. Middle Miocene (Badenian) ostracods and
green algae (Chlorophyta) from Kamienica Nawojowska,
Nowy Sacz Basin (Western Carpathian, Poland). Geolo-
gica Carpathica, 57, 102—122.

Weber, F. 1795. Nomenclator entomologicus secundum Ento-
mologiam systematicam ill. Fabricii adjectis speciebus

Manuscript submitted: 2" February 2018
Revised version accepted: 14" June 2018

recens detectis et varietatibus, 171 p. Apud Carolum Ernes-
tum Bohn; Chilonii et Hamburgii.

Wysocka, A., Radwanski, A. and Gérka, M. 2012. Mykolaiv Sands
in the Opole Minor and beyond: sedimentary features and
biotic content of Middle Miocene (Badenian) sandy shoals
of western Ukraine. Geological Quarterly, 56, 475-492.

Wysocka, A., Radwanski, A., Gorka, M., Babel, M., Radwan-
ska, U. and Ztotnik, M. 2016. The Middle Miocene of the
Fore-Carpathian Basin (Poland and Ukraine and Moldova).
Acta Geologica Polonica, 66, 351-401.

Zagorsek, K., Radwanska, U. and Radwanski, A. 2012. Bryo-
zoa from the Korytnica Basin (Middle Miocene; Holy
Cross Mountains, Central Poland). Bulletin of Geosciences,
87,201-218.



