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Abstract — The described brachiopod assemblage (427 specimens from the Lower Badenian shallow water deposits of the Bakony Mts) 

comprises 3 micromorphic species belonging to two genera of Megathyrididae. Argyrotheca cordata and A. cuneata are relatively common members 

of the coral-bearing, diverse fauna at Bánd. The very limited Devecser material yielded isolated but well-preserved A. cordata and Megathiris 

detruncata valves. All the three species are widespread in the Miocene of the Central Paratethys, as well as in the Recent seas. The Bánd assemblage 

is more or less autochthonous while the Devecser brachiopods suggest only short transportation. The two Argyrotheca species show bell-shaped 

size-frequency distribution indicating low juvenile mortality. Protected, cryptic environments among coral branches and under boulders resulted in 

the unimodal, bell-shaped size distribution, indicating a stable community. Epifaunal encrusters (Bryozoa, serpulid Polvchaetes) are recorded for 

the first time on micromorphic brachiopods in the Central Paratethys. The situation of epibionts suggests that they encrusted the ventral valves 

during the life of brachiopods. The serpulid probably benefits from the feeding currents of the brachiopod. Few brachiopod specimens (3.5%) 

show drill holes of predatory* gastropods. No taxon selectivity can be observed, but A. cuneata shows valve and site selectivity. 

Keywords — Brachiopoda, Argyrotheca, Megathiris, Middle Miocene, Badenian, Hungary, Central Paratethys, size-frequency distribution, 
drilling prédation, encrustation. 
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Introduct ion 

Brachiopods were important in the Palaeozoic and partly 
in the Mesozoic marine assemblages, but they are generally 
rare in the Cenozoic deposits. The Badenian (Middle Mio
cene) marine fauna is very abundant and diverse in Hun
gary*, but brachiopods are scarce elements of these fossil 
assemblages. Hungarian Miocene brachiopods were mainly 
mentioned in faunal lists. Some new species were described 
by MATYASOVSZKY (1880) and MAjER (1915). MEZNERICS 
(1943) summarized the Hungarian Tertiary brachiopod 
fauna in a small monograph and described 42 species (6 
new) from 11 Eocene, 3 Oligocène and 31 Miocene locali
ties. Recently BlTNLR & D U L A I (2004) revised the Miocene 
brachiopods in the palaeontological collections of the 
Hungarian Natural History* Museum, Budapest. Altogether 
16 species were recognized in this material from which 
Argyrotheca cuneata was reported for the first time from the 
Miocene of Hungary. 

Some earlier authors over-splitted the Paratethyan and 
Mediterranean Miocene brachiopod faunas and mentioned 
many species, subspecies and varieras (e. g. SACCO 1902; 
FRIEDBERG 1921; MEZNERICS 1943). The Badenian 

(Middle Miocene) fauna of the Central Paratethys recently 
was critically evaluated on the basis of the very rich mater
ial of the Roztocze Hills in Poland (nearly 14000 speci
mens) by BlTNHR (1990). She resolved several taxono-
mical problems and identified some of the Paratethyan 
species with the Recent Mediterranean fauna. The rich 
Polish material permitted to establish the range of vari
ability for several species, including also the three species 
discussed here. 
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Figure 1 — Sketch map showing the location of Bánd and 

Devecser outcrops. 
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The aim of this paper is to describe a local, Early Baden
ian (Middle Miocene) brachiopod fauna from the Bakony 
Mountains (Transdanubian Central Range). Since all of 
the three species are well-known from other parts of the 
Central Paratethys, as well as from the Recent waters, the 
systematic part is confined to short synonymy lists of the 

A. 

most recent records, some remarks, distribution and paleo-
ecological data. The two Argyrotheca species are sufficient
ly numerous at Bánd locality to study size-frequency 
distributions. Finally, some comments on the observed 
epifaunal encrusters and predatory drill holes will be 
discussed. 

Localities and material 

The studied micromorphic brachiopods derive from two 
localities of the Bakony Mountains. The majority- of the spe
cimens were collected from Bánd, while Devecser yielded 
only poor material of isolated valves (Figure 1). Bánd is a 
well-known Miocene locality7, from where bivalves and 
gastropods (KÓKAY 1966), corals (HEGEDŰS 1970; OOS-
TERBAAN 1990) and polyplacophorans (DULAJ 2005) were 
described. Recendy, two amateur collectors (Tibor BERTA, 
Tamás NÉMETH) have performed intensive collecting in 
2003 and 2004 (BERTA & NÉMETH 2004). With several 
gastropod, bivalve, scaphopod, polyplacophoran, scleracti-
nian, cirripedian, echinoid, fish, calcareous algae, bryozoan 
and decapod species, they have collected 422 micromorphic 
brachiopods, which belong to two species of Argyrotheca. 

Argyrotheca cuneata (RlSSO, 1826) (147), 
Argyrotheca cordata (RlSSO, 1826) (275). 

The second locality7 is situated east of village Devecser, 
at Tik-hegy (Figure 1). CSEPREGHY-MEZNERICS (1958) 
listed several mollusc species from this locality7 and recendy 
DULAI (2005) described 2 polyplacophoran species. The 
same amateur collectors have collected very diverse fauna 
from several artificial trenches in 2004 and 2005 (NÉMETH 
2005). The yellow, calcareous sand yielded ven? few isolated 
brachiopod valves (5 specimens): 

Megathiris detruncata (GMELIN, 1790) (3), 
Argyrotheca cordata (RlSSO, 1826) (2). 

Though the studied brachiopods originate from T. 
NÉMETH's and T. BERTA'S private collections, a signifi 
cant part of their material has been deposited in the 

regional Bakon}' Natural History Museum, Zirc. Some 
specimens were also donated to the Hungarian Natural 
History Museum, Budapest. 

Figure 2 — Megathiris detruncata ( G M E L I N , 1790), Deve

cser. 1: Outer view of a dorsal valve (L: 1.9 mm; W: 3.2 mm), 

x24; 2: Inner view of a dorsal valve (L: 3.4 mm; W: 5.9 mm), xl3. 

Systematics 

Phylum Brachiopoda DUMÉRIL, 1806 
Subphylum Rhynchonelkformea WILLIAMS, CARLSON, BRUNTON, HOLMER & POPOV, 1996 

Class Rhynchonellata WILLIAMS, CARLSON, BRLNTON, HOLMER & POPOV, 1996 
Order Terebratulida W A A G E N , 1883 

Suborder Terebratellidina M U I R - W O O D , 1955 
Superfamily Megathyridoidea D A L L , 1870 

Family Megathyrididae D A L L , 1870 
Genus Megathiris D 'ORBIGNY, 1847 

Megathiris detruncata ( G M E L I N , 1 7 9 0 ) 

(Figure 2: 1-2) 

1990: Megathiris detruncata (GMELIN, 1790) — BlTNER, pp. 135-138, text-figs 3-4, pi. 3, figs 1-8, pi. 6, figs 1-7. (cum. syn.) 
2003: Megathiris detruncata (GMELIN, 1790) — K R O H , pp. 147-148, pl. 1, figs 4-6. 
2003: Megathiris detruncata (GMELIN, 1790) — BlTNIïR & MoiSSE'iTE, pp. 473-474, figs 6G, H. 

2004: Megathiris detruncata (GMELIN, 1790) — BlTNER & DULAI, pp. 74-75, pl. I l l , figs 11-15. 

Material — 3 specimens (1 ventral and 2 dorsal valves) from Devecser. 



Dimensions (mm) Length 
1.9 

3.4 

6.3 

Remarks — This species is rare in the investigated 
material, but very common at other localities of the Cent
ral Paratethys (e. g. more than 4 0 0 0 specimens in the 
Roztocze Hills; BlTNER 1990) . The variability in shape and 
ornamentation was mentioned by many authors and recendy 
was discussed by BlTNER ( 1 9 9 0 , text-fig. 4 ) . She has men
tioned some asymmetrical specimens that are not seen in 
the Devecser material. The internal characters of the 
brachial valve make this species easily distinguishable from 
Argyrotheca: two rudimentär}- lateral septa appearing in the 
specimens about 2 mm wide (Figure 2: 2 ) . 

Palaeoecology — Attached by a short pedicle to firm 
substrates in cryptic habitats (cave walls and roofs, under 
boulders, coralligéne). It has a wide depth range from 5 to 
8 9 6 m, but being most common in shallow waters (infra-
littoral-circalittoral) (BRUNTON & CURRY 1 9 7 9 ; LOGAN 

& N O B L E 1 9 8 3 ; L O G A N 2 0 0 3 ; L O G A N et al. 2 0 0 4 ) . 

Distribution — Well-known species from the Eocene 

Width 
3.2 

5.9 

6.1 (broken) 

to Recent. Eocene: Italy (DAVIDSON 1 8 7 0 ; SACCO 1902 ; 

F A B I A N ! 1 9 1 3 ) , Hungary (BlTNER & D U L A I i n press); 

Miocene : Poland (JAKUBOWSKI & MESIAL, 1 9 7 9 a-b; 

KRACH 1950; B A R C X Y K & POPIEL-BARCXYK 1 9 7 7 ; S T U -

DENCKI 1988; BlTNER 1990; POPIEL-BARCZYK & BAR-

C / V K 1990); Ukraine (FRIEDBERG 1 9 2 1 ) ; Austria (DREGLR 

1 8 8 9 ; MEZNERICS 1 9 4 3 ; KROH 2 0 0 3 ; BlTNER & D i l . A I 

2 0 0 4 ) ; Hungary (MATYASOVSZKY 1 8 8 0 ; MEZNERICS 1943); 

Romania (MEZNERICS 1943, BÁRBULESCU & RADO 1984; 

BlTNER & DULAI 2 0 0 4 ) ; Italy (DAVIDSON 1870 ; SACCO 

1 9 0 2 ) ; France (JULIEN 1 9 4 0 ) ; Spain (CALZADA 1 9 7 8 ; 

LLOMPART & CALZADA 1982) ; Pliocene: Italy (DAVIDSON 

1 8 7 0 ) ; Spam (PAJAUD 1977; ENCTNAS & MARTINELL 1992) ; 

Algeria (BlTNER & MOISSETTE 2 0 0 3 ) ; Pleistocene: Italy 

(GAETANI & SACCA 1983) ; Recent: Mediterranean Sea 

(LOGAN 1979 , 2 0 0 3 ; LLOMPART 1 9 8 8 ; LOG AN et al. 2004 ) ; 

Atiantic Ocean (BRUNTON & CURRY 1979; LOGAN 1983 , 

1 9 8 8 , 1993) ; Caribbean Sea (COOPER 1977 ) . 

Figure 3 — Argyrotheca Cuneata (RlSSO, 1826), Bánd. — 1: Dorsal view of a complete specimen (L: 2.3 mm; W: 2.5 mm), x22; 2: 
Dorsal view of a complete specimen (L: 2.2 mm; \Y: 3.1 mm), x21; 3: Dorsal view of brachial valve of a complete specimen showing the 
embryonal part, x40; 4: Ventral view of a complete specimen (L: 2.3 mm; W: 2.7 mm), x22; 5: Ventral view of a complete specimen (L: 1.7 
mm; W: 3.0 mm), x22; 6: Inner view of a ventral valve (L: 2.2 mm; W: 2.8 mm), x20; 7: Inner view of a dorsal valve (L: 2.0 mm; W: 2.9 mm), x21. 
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Genus Argyrotheca DALL, 1900 

Argyrotheca cuneata ( R i s s o , 1826) 

(Figure 3: 1-7) 

1990: Argyrotheca cuneata (RlSSO, 1826) — BlTNER, pp. 138-140, text-figs 5-6, pi. 4, figs 1-9. (cum. syn.) 

1993: Argyrotheca cuneata (RlSSO, 1826) — BlTNER, pp. 149-150, pi. 2, figs 1-6, pi. 3, figs 1-6. 
2000: Argyrotheca cuneata (RlSSO, 1826) — BlTNER & PlSERA, p. 9, pi. 1, figs 1-7. 
2002: Argyrotheca cuneata (RlSSO, 1826) — TOSCAXO& SORGENTE, pi. 20, figs 2(?)-3. 
2002: Argyrotheca cf. cuneata (RlSSO, 1826) — K< AYALEWSKI et al., fig. 2A. 
2003: Argyrotheca cuneata (RlSSO, 1826) — KROH, p. 148, pl. 1, figs 1-3. 
2004: Argyrotheca cf. cuneata (RlSSO, 1826) — SlMÔES et al., pp. 523-524, text-figs 3A-B, text-figs 5F-N. 
2004: Argyrotheca cuneata (RlSSO, 1826) — BlTNER & KAIM, p. 196, figs 2A-C. 
2004: Argyrotheca cuneata (RlSSO, 1826) — BlTNER & DULAI, p. 78, pl. I l l , figs 9-10. 

Material — 147 specimens (94 complete shells, 25 
dorsal valves, 28 ventral valves) from Bánd. 

Remarks — Although the genus Argyrotheca was widely 
distributed within the Central Paratethys, A. cuneata was less 
frequent than A. cordata. The ornamentation and the shell 
outline of A. cuneata may be similar to Megathiris detruncata. 
However, it is much smaller, having fewer and not so strong 
ribs, and it has only one septum on the dorsal valve. The 
specimen figured by TOSCANO & SORGENTE (2002, fig. 2) 
shows very strong ribs, but without informations on the 
internal characters it is impossible to decide between A. 
cuneata and M. detruncata. A. cuneata can also be distin
guished from A. cordata by having broad ribs on the external 
surface of both valves, and by the internal characters (no 
tubercles at the internal anterior margin of the valves). 
Some earlier authors distinguished the Tertian' specimens 
under the name costulata, and suggested that costulata could 
be the Miocene ancestor of the Recent cuneata. BlTNER 
(1990) synonymized these two species and she also discussed 

1990 Argyrotheca cordata (RlSSO, 1826) 
1993 Argyrotheca cordata (RlSSO, 1826) 
2000 Argyrotheca cordata (RlSSO, 1826) 
2002 Argyrotheca cordata (RlSSO, 1826) 
2004 Argyrotheca cordata (RlSSO, 1826) 
2004 Argyrotheca cordata (RlSSO, 1826) 

Material — 275 specimens (191 complete shells, 39 
dorsal valves, 45 ventral valves) from Bánd, 2 specimens 
(2 dorsal valves) from Devecser. 

Remarks — This is the most frequent species within 
the studied material. In some earlier papers it was reported 
under the name A. neapolitana (SCACCHI) but the name 
cordata has priority over the name neapolitana (LOGAN, 1977). 
The two BOETTGLR's (1901) species, A. subcordata and A. 
subcuneata are also conspecific with A. cordata, because they 
are within the intraspecific variability ranges of this species 
(BlTNER 1990). BlTNER (1990) has also synonymized 
DEMoRGAN's (1915) species (Cistella laevigata, C. Marie), as 
well as FRIEDEERG's (1921) species {Cistella dertomutiensis, C. 
^boroviensis) with A. cordata. MEZNERICS (1943) used three 
different names for A. cordata specimens: neapolitana, subcor
data, subcuneata. This species is easily distinguishable from 
A. cuneata by the internal features: the internal anterior 
margin of both valves is covered with tubercles (4—20, 

the similarity with species A. squamata (ElCHWALD) and A. 

jacksoni COOPER. 

Palaeoecology — Attached bv a short pedicle to firm 
substrates in cryptic habitats (under boulders, undersides 
of overhangings, coralligène, cave walls and roofs). Its 
depth range is similar to that of A. cordata, from few metres 
to more than 600m, but more frequent in shallow waters 
(infralittoral-circalittoral) (LOGAN 1979, 1983, 2003; LOGAN 
& NOBLE 1983; LOGAN et al. 2004). 

Distribution — Well-known species from the Miocene 
to Recent. Miocene: Poland (BlTNER 1990; POPIEL-
BARCZYK & BARCXYK 1990; BlTNER & PlSERA 2000; 
BlTNER & KAIM 2004); Austria (KROH 2003); Hungary 
(MATYASOVSZKY 1880; BlTNER & DULAI 2004); Bulgaria 
(BlTNER 1993); Italy (DAVIDSON 1870; SACCO 1902); 
Recent: Mediterranean Sea (LOGAN 1979, 2003; LOGAN & 
N O B L E 1983; BRUNTON 1988; LOGAN et al. 2002, 2004); 
Atlantic Ocean (BRUNTON & CURRY 1979; LOGAN 1983, 
1988, 1993; KOWALEWSKJ et al. 2002; SlMÔES et al. 2004). 

from small to large specimens). The triangular median 
septum shows 3-4 (BlTNER 1990) or 5-6 (LOGAN 1979) 

serrations. The Hungarian specimens have 4 serrations 
(Figure 4: 5, 7-9). 

Palaeoecology — The species is attached by a short 
pedicle to firm substrates in cryptic habitats (under boulders, 
undersides of overhangings, coralligène, cave walls and 
roofs). Its depth range is from few metres down to more 
than 600m, but it is more common in shallow waters (infra
littoral-circalittoral). Densities of up to 100 specimens/m2 

were recorded (LOGAN & N O B L E 1983; L O G A N 2003; 

L O G A N et al. 2004). 

Distribution — Well-known species from the Mio
cene to Recent. Miocene: Poland ( B A R C X Y K & P O P I E L -

B A R C Z Y K 1977; STUDENCKI 1988; BlTNER 1990, 2002; 
P O P I E L - B A R C Z Y K & B A R C X Y K 1990; BlTNER & PlSERA 

2000; BlTNER & K A I M 2004); Ukraine ( F R I E D B E R G 1921); 
Austria ( D R E G E R 1889); Hungary ( M A T Y A S O V S Z K Y 1880; 

Argyrotheca cordata (RlSSO, 1826) 

(Figure 4: 1-9) 

— BlTNER, pp. 140-143, text-figs 7-8, pi. 5, figs 1-14, pi. 7 , fig. 1. (cum. syn.) 
— BITNER , p. 150, pi. 4, figs 1-5, pi. 5, figs 1-8. 
— BlTNER & PlSERA, pp. 9-10, pi. 2, figs 1-9. 
— TOSCAN o & SORGENTE , pi. 20, fig. 1. 

— BITNER & KAIM , pp. 196-197, figs 2 D - K , 3A-E. 

— BlTNER&DULAI, p. 74, pi. I l l , figs 2-8. 



M E Z N E R I C S 1943; BlTNER & D l ' L A I 2004); Romania 
( B O E T T C J E R 1901; Z I L C H 1934; M E Z N E R I C S 1943; B Ä R B U -

L E S C U & R A D O 1984; BlTNER & D U L A I 2004); Bulgaria 
(BlTNER 1993); France ( D E M O R G A N 1915; J U L I E N 1940); 

Pliocene: Italy (DAVIDSON 1870); Spain (ENCINAS & 

MARTIN ELL 1992); Recent: Mediterranean Sea (DAVIDSON 

1870; LOGAN 1979, 2003; LOGAN & NOBLE 1983; BRUN

TON 1988); Atlantic Ocean (LOGAN 1983 ,1988 ,1993) . 

Figure 4 — Argyrotheca cordata (RlSSO, 1826), Bánd and Devecser. — 1: Dorsal view of a complete specimen (I.: 2.2 mm; W: 2.3 

mm), x22, Bánd; 2: Dorsal view of a complete specimen (L: 2.8 mm; W: 2.7 mm), xl8.5, Bánd; 3: Ventral view of a complete specimen (L: 2.3 

mm; W: 2.6 mm), x20, Bánd; 4: Vent/al view of a complete specimen (L: 3.1 mm; W: 2.8 mm), xl7.5, Bánd; 5: Inner view of a dorsal valve (L: 

1.9 mm; W: 2.5 mm), x22.5, Bánd; 6: Outer view of a dorsal valve (L: 2.1 mm; W: 2.3 mm), x20, Devecser; 7: Inner view of a dorsal valve (L: 

2.0 mm; W: 2.5 mm), x22.5, Devecser; 8: Detail of Figure 4: 7; showing the median septum; x75, Devecser; 9: Detail of Figure 4: 7; showing 

oblique-lateral view of the median septum; x56, Devecser. 

Taxonomic composition of the fauna 

The brachiopod assemblage of Bánd locality is of low 
diversity and contains only two species of Argyrotheca, 
A. cordata (65%) and A. cuneata (35%). As the specimen 
number of this sample is relatively high (422) , these 
data probably represent more or less the real composi
tion of the original assemblage. The Devecser sample 
is slightly different, it contains Megathiris detruncata (60%) 

and Argyrotheca cordata (40%), but the low number of 
specimens (5) may give false percentages. 

The taxonomic composition of the Bánd fauna is not 
exceptional in the Middle Miocene. Argyrotheca is often the 
dominant element of the brachiopod assemblages in the 
Central Paratethys. Two Argyrotheca species are present 
with a strong dominance of A. cordata at Lychów, Roztocze 
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Hills (BlTNER 1990). This locality was interpreted as 
shallow water kelp assemblage (HOFFMAN et al. 1978). 
The brachiopod fauna also consists of these two species in 
the oyster bioherm at Zdziechowice, but A. cuneata is dom
inant (BlTNER 1990). Very similar brachiopod assemblages 
were found at Radwanówka (BlTNER 1990), Ohrid, Bul
garia (BlTNER 1993) and Niechobrz (BlTNER & PlSERA 
2000), with the dominance of A. cordata. However, there are 
two additional species in negligible amounts at the last three 
localities. All of these localities were interpreted as shallow 

,A . 

water environments. BlTNER & K A I M (2004) reported the 
same two Argyrotheca species, with the dominance of A. 
cordata (89%), from an atypical fades: dark grey sandy—silty 
deposits of the intra-Carpathian Nowy Sacz Basin. They 
suggested that this assemblage might be transported basin-
ward from a shallower setting. These three species (M. 
detruncata, A. cuneata, A. cordata) commonly occur together in 
the Recent Adriatic Sea (LOGAN 2003), as well as in the 
whole Mediterranean Sea (LOGAN 1979), mainly in the 
shallow water environments. 

Palaeoecological review of megathyridids 

Previously, the paedomorphic family Megathyrididae 
have been generally considered primitive, but nowadays 
most authors consider them advanced, rapidly evolved 
neotenous forms (ASGAARD 1986). Megathiris and Argyro
theca are known from the Late Cretaceous and are widely 
distributed in modern seas, and most species are conti
nental shelf dwellers. Megathiris and Argyrotheca are common 
in coralligenous biocoenoses (LOGAN 1979). They also 
inhabit small crevices and interstices, or the walls of sub
marine cliffs and caves. M. detruncata has been observed 
attached to rocks and stalagmites in the deepest recesses of 
a submarine cave, under conditions of virtually no water 
movement and light (LOGAN 1979). Elsewhere within the 
shallow part of the coralligenous biocoenosis small brachio
pods may be found attached to almost any hard substrate, 
including shells, rocks and man-made objects. Both Argyro
theca species are very small and have simple, bilobed schizo-
lophe lophophores, regarded less effective for food extrac
tion (RUDWICK 1970). Megathiris is only slightly7 larger and 
ptycholophous, the lophophore never developing beyond a 
four-lobed stage (LOGAN 1979). The small forms with 
simple, less efficient lophophore prefer shallow-water 
regions, where particulate organic matter is more plentiful 
(LOGAN 1979). 

Recent brachiopods generally have wide depth ranges, 
therefore we can use fossil brachiopods as depth indicators 
with great uncertainty. LOGAN (1979) divided the Recent 
Mediterranean brachiopods into two depth groups: shallow 
water (typical of the infralittoral and circalittoral zone) and 
eutybathic species. Both Argyrotheca and Megathiris belong 
to the shallow water group (shelf species ranging down to 
200m), but sometimes occur at deeper environments on 
coralline algae bottoms and gravels, too. The maximum 
occurrence is from 20 to 60m for A. cuneata and A. cordata, 
and 20—120m for M. detruncata. All shallow water species 
show patchy distributions, with isolated high densities of 
several hundreds specimens per square meter being occa
sionally recorded (LOGAN 1979). Members of the shallow 
water group are all small in size, inhabiting protected, light-
poor environments, such as caves. Extant representatives 
of Megathiris and Argyrotheca exhibit mainly cryptic mode of 
life in shallow depth in light-poor environments (crevices, 
caves, undersides of boulders). Argyrotheca is known from 
cryptic habitats in Recent reef environments (e.g. LOGAN 
1975). TOSCANO & SORGENTE (2002) reported these two 
Argyrotheca species from maerl deposits and molfuscan— 

bryozoan assemblage of the rhodalgal-bryomol temperate 
carbonates of the Apulian Shelf. According to T A D D E I 
RUGGIERO (1987, 1990) A. cordata often lives in associa
tion with living thalli of Peyssonelia rosa-marina. 

LOGAN (1975) gave a detailed ecological study on A. 
hermudana from the Bermuda platform. The specimens 
usually attached by the pedicle to the underside of folia-
ceous and encrusting corals or underside of boulders. The 
shell is normally oriented in an almost vertical position. 
The distribution of individuals is patchy, probably resulting 
from late release of brooded larvae, rapid settlement and 
post-setdement competition with other organisms (LOGAN 
1975). JACKSON et al. (1971) mentioned that A. johnsom 
from Jamaican fore-reef slopes increased in density with 
depth, and suggested that density can be correlated with 
low light intensity. The competition for living space may 
also be an important limiting factor. Colonization of 
cryptic habitats enables brachiopods to avoid the intense 
competition for space, which occurs on more exposed 
surfaces. The presence of firm substrate for attachment is 
regarded as the main limiting factor. Water energy and light 
operate mainly in the larval stages prior to settlement 
( L O G A N 1979). 

According to SlMOES et al. (2004) A. cf. cuneata is 
more common in the shelf than in the coastal samples 
of Brazilia. They recognized three distinct brachiopod 
associations; one of them is the Terehratulina—Argyrotheca 
fauna, which is common at depths ranging between 100— 
200 m. 

Experiments on the settlement patterns of Argyrotheca 
cordata and Argyrotheca cuneata in the eastern Mediterranean 
confirm their preference for cryptic habitats within crevices 
and fractures of blocks of rocks (ASGAARD & BROMLEY 
1991). The larvae settle late in the autumn and their life
span does not exceed two years. A major limiting factor 
in brachiopod colonization in shallow water may be the 
grazing pressure from chitons and echinoids. V A L E N 
TINE & JABLONSKI (1983) showed that nonplanktotro-
phic groups, such as the articulate brachiopods, have 
relatively few offsprings and some species of Argyrotheca 
protect the larvae in brood pouches. Cryptic habitats aid 
the reproductive and developmental strategy of these 
low-energy species with a low fecundity7. Argyrotheca prob
ably pursued r-selected life-strategies, small, short-lived 
organisms generated by slow growth (HARPER et al. 
1995). 
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Size-frequency distributions of brachiopods 

• • • • • • • * **** • * • ******** • • • c • • • 
£, * * * 
" t -

s 

o 4 1 1 1 1 

0 1 2 3 4 

length :mm; 

Figure 5 — Scatter diagram of length-width relationships for 

specimens of Argyrotheca cuneata (Risso, 1826), Bánd. 
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Figure 6 — Scatter diagram of length-width relationships for 

specimens of Argyrotheca cordata (Risso, 1826), Bánd. 

Size-frequency distributions of brachiopods are fre
quently used to study population dynamics. High juvenile 
mortality is characteristic for most marine invertebrates in 
Recent assemblages (e.g. NOBLE & LOGAN 1981), but 
T A D D E I RUGGlERO (1996) demonstrated that Neocrania 

anomala has stable population structure and much more 
adult specimens in protected cave environment than else
where. L O G A N (1975) published width-frequency histo
grams of reef-dweller Argyrotheca berniudana, which generally 
showed normal distribution. THAYER (1975) suggested 
that unimodal size-frequency distributions may indicate 
patchy larval dispersion. STEWART (1981) correlated differ
ences in population structure with environmental condi-

lions. BlTNER (2002) have studied the size-frequency 
distributions for 28 assemblages of four species from 
different Middle Miocene environments. These assemblages 
showed variation even within a single species, but different 
species from the same environment gave similar size-
frequency distributions. The assemblages collected from 
reef cavities produced bell-shaped distributions both in A. 

cuneata and A. cordata (BlTNER 2002). It suggests that the 
protected and stable cryptic habitats are characterised by 
lower juvenile mortality and enable the brachiopods to 
reach larger size (BlTNER 2002). 

Size-frequency histograms are very useful but several 
factors can influence the results (inadequate sampling, 
taphonomic processes, diagenetic solution, mechanical 
destruction, prédation) (see detailed discussion in BlTNER 
2002). The studied Hungarian Middle Miocene brachio
pods contain three species from which Megathiris detruncata 

is present in small number (3 specimens). However, the 
other two species are sufficiently numerous at Bánd local
ity (A. cuneata: 147 specimens; A. cordata: 275 specimens) 
for size-frequency studies. The specimens are derived 
from bulk samples, washed on 0.5 mm sieve, therefore 
the sampling method is adequate. A very significant part 
of the material contains complete shells (64% at A. cune

ata and 69% at A. cordata) and the numbers of isolated 
dorsal and ventral valves are nearly the same (25 vs. 28 at 
A. cuneata and 39 vs. 45 at A. cordata). It suggests that the 
studied assemblage is more or less autochthonous, without 
significant transportation, selective removal of smaller speci
mens or mechanical destruction. The associated mollusc 
fauna yielded well-preserved calcitic and aragonitic shells, 
so diagenetic dissolution did not influence the compo
sition of the fauna. The prédation was also a limited 
affecting factor, only 3.4% of A. cuneata and 3.6% of A. 

cordata specimens were drilled by predatory gastropods 
(see below). All the above mentioned circumstances justify 
that the size-frequency distributions of these two Argyro

theca species give reasonable results. 

All Argyrotheca specimens are rather small and their sizes 
are concentrated in very narrow interval, mainly between 
1.5 and 3.0 mm (Figures 5—6). Generally, A. cuneata has 
slightly smaller average size than A. cordata. Both Argyro

theca species show bell-shaped size-frequency histograms 
in the Bánd material (Figures 7-8). The lack of juvenile 
peak indicates low juvenile mortality. These results cor
respond well with the above referred literature data. The 
geological context and the associated fauna suggest that a 
small patch reef existed at Bánd in the Early Badenian 
( H E G E D Ű S 1970, O O S T E R B A A N 1990). The micromorphic 
Argyrotheca specimens lived in sheltered, hidden places of 
the reef; they attached to the lower surfaces of colonial 
corals, mollusc shells or other hard substrates. Patchy larval 
distribution is common in these microenvironments, and 
unimodal, bell-shaped size distribution suggests a stable 
community without high juvenile mortality. 

A S G A A R D & BROMLEY (1991) have found three peaks 
for Recent A. cordata: at 0.5 mm for newly settled larvae, 



1.2 mm for juveniles and 2.4—2.8 mm for mature speci
mens (they used width instead of length measurements). 
Assuming the same growth rate in Middle Miocene, there are 
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no newly settled larvae in the Bánd sample and the number 
of juveniles is also very low. Most of the specimens 
probably belong to young adult and mature brachiopods. 
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Figure 7 — Size-frequency histograms of Argyrotheca Figure 8 — Size-frequency histograms of Argyrotheca 

cuneata (Risso, 1826), Bánd. cordata (Risso, 1826), Bánd. 

Epizoans on micromorphic brachiopods 

Encrusters may provide information about life orien
tation of the host and may have also some sedimento-
logical implications (CUFFEY et al. 1995). Brachiopods can 
offer hard substrate for epizoans, but the amount of 
encrusters is very variable on fossil and Recent forms. 
About 10% of the Eocene brachiopods from Antarctica 
were encrusted by epifaunal organisms (bryozoans, fora-
minifers, serpulid polychaetes, cirripeds, octocorals; BlTNER 
1996). However, 80% of Recent Neocrania huttoni carried 
epibionts in New Zealand (LEE 1987). 

( )nlv a very small part of the studied Hungarian speci
mens (427) were encrusted (Figure 9). None of the brachio
pods carried more than one specimen of encrusters. No 
encrustation is observed on the three M. detruncata speci
mens. Only one out of 147 specimens (0.7%) of A. cuneata 
shows the possible remain of a serpulid. The serpulid 
tube already disappeared, but the meandering attachment 
place can be seen at the middle part of the dorsal valve 
(Figure 9: 6). Two out of 275 specimens (0.7%) of A. 
cordata earn* encrustation (one bryozoan and one serpulid). 
The bryozoan larva settled on the ventral valve near to the 
anterior margin (Figure 9: 1-3). Unfortunately, the studied 
bryozoan is very badly-preserved, but shows some 
similarities to Annectocyma? (MoiSSETTE pers. com.). Annecto-
cyma major is generally common in Hungarian Badenian 
Bryozoa fauna (MOISSETTE et al. 2006). The serpulid 
polychaete tube is also situated on the ventral valve, at 
the most terminal part of the anterior margin (Figure 9: 
4—5). Taking into consideration the life position of mega-

thyridids, the ventral valve and mainly the terminal part 
of the ventral valve is situated at the highest point. These 
brachiopods are sometimes very densely packed, and in 
these cases only the abc we mentioned parts of the shells 
are available as solid substrate for the settlement of dif
ferent larvae. It suggests that both the Bryozoa and the 
serpulid Polychaeta probably encrusted the ventral valves 
of A. cordata during the life of these brachiopods. As the 
serpulid attached very near to the anterior commissure, it 
may benefit from the feeding currents of the brachiopod. 
Similar situations were reported on the Palaeozoic Mucro-
spirifer (SCHUMANN 1967), on the Eocene Paraplicirhjnchia 
(BlTNER 1996), and on Cenozoic and Recent Tegulorhyn-
chia (LEE 1980). The possible serpulid on the middle part 
of dorsal valve of A. cuneata probably settled after the 
death of the brachiopod. 

Generally the larger sized brachiopods show traces of 
epibionts. The encrustation of micromorphic brachiopods 
is not well-represented in palaeontological Hterature. 
RUDWICK (1962) observed epifauna associated usually 
with larger brachiopod shells. LEE (1987) found that 
most of the epibiont-free valves were juveniles, i . e. less 
than 8 mm at Recent Neocrania huttoni. BlTNER (1996) 
noted that in the case of Eocene Terebratu/ina buckmanni, 
absence of epibionts might be the result of its small size. 
She also mentioned another possible explanation: some 
Recent Terebratulina are very often covered by encrusting 
sponges leaving no traces in the fossil record (SURLYK 
1972). Using of micromorphic brachiopods as solid 



substrate for attachment is also interesting because there 
are lots of molluscs and colonial corals in the associated 
fauna, which probably offer more suitable attachment 

surfaces. Epifaunal encrusters are recorded for the first 
time on the micromorphic brachiopods in the Miocene 
Central Paratethys. 

Figure 9 — Bryozoan and serpulid encrusters on micromorphic brachiopods, Bánd — 1: Bryozoan encrustation on the ventral 
valve of Argyrotheca cordata (RlSSO, 1826) (L: 3.0 mm; W: 2.8 mm), xl8; 2: Detail of Figure 9:1, showing the encrusting Bryozoa, x75; 3: Detail 
of Figure 9: 2, showing the encrusting Bryozoa, xl70; 4: Serpulid encrustadon at the anterior end of ventral valve of Argyrotheca cordata (RlSSO, 
1826) (L: 2.0 mm, W: 2.1 mm), x24; 5: Detail of Figure 9: 4, showing the serpulid tube, x75; 6: Remain of serpulid (?) encrustadon at the 
middle part of the dorsal valve of Argyrotheca cuneata (RlSSO, 1826), x80. 

Dri l l ing p r é d a t i o n 

Drilling prédation has long evolutionary history with 
rich fossil record (KOWALEWSKI et al. 1998). Gastropod 
drillings arc especially frequent from Late Cretaceous to 
Holocene, but up to now, relatively few drilled brachio
pods have been reported from the Cenozoic (LEIGHTON 
2003; BAU MILLER & BlTNER 2004). The drilling fre
quencies can be rather variable even in localities near to 
each other: 39% at Weglin, 2% at Szczaworyz and 3.7% at 
Wçglmek (BAUMII.1 .ER & BlTNER 2004). 

Table 1 — Drill hole data for Badenian brachiopods of the 
Bakony Mts. 

Species not drilled drilled drilled drilled 
drilled ventral dorsal on 

valve valve margin 
Megathiris detruncata 3 - - - -
A rgyrotheca cordata 267 1(1 5 3 2 
Argyrotheca cuneata 142 5 4 1 -

No drill holes were observed at the 5 Devecser speci
mens. Drill hole frequency is low at Bánd locality, too. 
Altogether 15 out of 422 specimens show traces of preda
tor)7 gastropod activities (3.5%) (Figure 10). I f the two 
Argyrotheca species are counted separately, the result is very-
similar, although A. cordata has a slightly higher drilling 
frequency (A. cordatcr. 10 drilled specimens out of 275 (3.6%); 
A. cuneata: 5 drilled specimens out of 147 (3.4%)). It sug
gests that no taxon selectivity can be observed at the 
Hungarian material, in contrast with the Polish Wçglin 
locality, where Megathiris detmncata was preferentially drilled 
(BAUMILLER & BlTNER 2004). Drill holes can be found 
on either the ventral or the dorsal valve but in some cases 
the drill hole occurs on the margin, penetrating both 
valves (Table 1). Altogether 9 drill holes were found on 
the ventral valve, 4 drill holes on the dorsal valve and 2 
drill holes at the margin of the valves. It suggests valve 
selectivity7 to ventral valve's advantage, which does not 
correspond with BAUMILLER & BlTNER's (2004) results 
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where the dorsal valve was more frequentiy drilled. (How
ever, it has to be mentioned that the Hungarian results are 
based only on 15 drilled specimens, while the Polish data are 
based on 514 drilled brachiopods). At the same time, 
similarly to the Polish results, some differences can be seen 
in valve selectivity"- at the two separated Argyrotheca species. 
Valve selectivity7 is lower at A. cordata because 5 drill holes 
were found on ventral and 3 holes on dorsal valves (50% 
and 30%») (two holes are at the margins). More significant 
valve selectivity seems to be at A. cuneata where 4 drill holes 
were found on the ventral valve and only one on the dorsal 
valve (80%—20%, but based only on five specimens). Ventral 
valve selectivity7 can be explained assuming that predator)7 

gastropods attack the living brachiopod specimens, because 
the ventral valve is more accessible for predators in life 
position. A. cordata shows random drill hole distribution on 
both valves (Figure 12), but the drill holes are concen
trated on a small area on the ventral valve of A. cuneata 
(Figure 11). It may suggest site selectivity in the predators 
of the latter species. As all of the smdied Argyrotheca speci
mens are ver)7 small, and their size-interval is rather narrowT 

\ i , A. 

(most of the specimens are between 1.5 and 3 mm in length), 
it is not worth comparing the size of drilled and undrilled 
brachiopods. Anyway, no statistically significant size differen
ces were found between drilled and undrilled specimens by 
BAUMILLER & BlTNER (2004) on a much larger database. 

Two of the drill holes are unfinished (e.g. Figure 10: 
5), therefore the prédation was unsuccessful. No multiple 
holes occurred on the smdied brachiopods. Axes of the 
holes are perpendicular to the shell surface. These features, 
as well as the outline and size of the drill holes refer to 
predator activity7, not substrate penetration (KELLEY & 
HANSEN 2003). The drill holes are both cylindrical and 
conical in cross section, but conical holes are much more 
common. The former ones refer to muricid gastropods, 
while the latter ones can be attributed to naticid gastro
pods. Both muricids and naticids were diverse and abun
dant at the studied Bánd locality (e.g. Murex cf. aquitanicus, 
Murex subtoruiarius, Muricopsis cristatus, Polinices redempta 
dertoconvexa, Polynices olla, Natica tigrina hörnest; KÓKAY 
1966), therefore it is impossible to identify the predator 
species. 

Figure 10 — Traces of drilling prédation on micromorphic brachiopod valves by predatory gastropods, Bánd. — 1: 
Ventral view of a drilled Argyrotheca cordata (L: 2,7 mm; W: 2.6 mm), xl9; 2: Ventral view of a drilled Argyrotheca cordata (L: 2.4 mm; W: 2.5 
mm), x20; 3: Detail of Figure 10: 2, showing the drillhole, x48; 4: Dorsal view of a drilled Argyrotheca cordata (L: 2.6 mm; W: 2.7 mm), x20; 5: 
Ventral view of a drilled Aigyrotheca cordata, showing an unsuccessful drilling (L: 2.4 mm; W: 2.2 mm), x23; 6: Anterior view of a drilled 
Atgyrotheca cuneata (L: 2.3; W: 2.5 mm), x22; 7: Ventral view of a drilled Argyrotheca cuneata (L: 2.2 mm; W: 3.1 mm), xl8; 8: Detail of Figure 10: 
7, showing the drillhole, x48. 



Figure 11 — Distribution of drill holes on Argyrotheca Figure 12 — Distribution of drill holes on Argyrotheca 
cuneata (RlSSO, 1826) specimens. Circle diameters are cordata (RlSSO, 1826) specimens. Circle diameters are 
proportional with the observed drill hole sizes. proportional with the observed drill hole sizes. 

Conclusion 

More than 400 specimens of Middle Miocene micro
morphic brachiopods yielded three species of Megathyri-
didae {Megathiris detruncata, Argyrotheca cuneata, A. cordata) 
from two localities of the Bakony Mts. These three species 
are common in the shallow wTater environments both in 
fossil and Recent assemblages. Until now, all the three 
species were represented by only few specimens in the 
Hungarian Miocene fossil record (BlTNER & D U L A I 2004). 

The high percentage of complete, well-preserved shells 
at Bánd suggests that the studied assemblage is more or 
less autochtonous, without significant transportation, select
ive removal of smaller specimens or mechanical destruc
tion. All of the Devecser brachiopods are isolated valves, 
but the good preservation refers only to short transport. 

The two Argyrotheca species are sufficiently numerous 
in the examined material for size-frequency distribution 
studies. Both A. cuneata and A. cordata show bell-shaped 
size-frequency histograms, indicating low juvenile mortal
ity. It corresponds well with other data from Miocene and 
Recent reef-associated micromorphic brachiopod assem
blages. Argyrotheca specimens lived in protected, cryptic 
environments of the reef. Patchy larval distribution resulted 
in unimodal, bell-shaped size distribution, suggesting stable 
community. Recent data indicate that nearly all of the Bánd 

specimens belong to young adult and mature brachiopods. 
Epifaunal encrusters are recorded for the first time on 

the micromorphic brachiopods in the Central Paratethys. 
Three brachiopods (0.7 %) carry epibionts on their valves 
(1 Bryozoa and 1 serpulid on A. cordata and 1 serpulid? 
on A. cuneata). Both the Bryozoa {Annectocyma?) and the 
serpulid situated on the ventral valves near to the anterior 
margin, which is the highest point of the Argyrotheca 
valves in life position. It suggests that these epizoans 
encrusted the ventral valves during the life of these bra
chiopods. The serpulid probably benefitted from the feeding 
currents of the brachiopod. 

Fifteen out of 422 Argyrotheca specimens show drill 
holes of predatory gastropods (3.5%). No taxon select
ivity- can be observed {A. cordata: 3.6%; A. cuneata: 3.4%). 
Valve selectivity to ventral valve's advantage is more sig
nificant in the case of A. cuneata (80%—20%). Ventral valve 
selectivity suggests that predatory gastropods attacked the 
living brachiopods, because the ventral valve was more 
accessible in life position. Site selection is also present at 
A. cuneata. As both muricid and naticid gastropods were 
diverse and abundant at Bánd locality, it is impossible to 
identify the predator species. 

* * * 
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