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The new trench Z−17 situated in the Dębnik anticline (Cracow Region, southern Poland) exposed strata representing the
Frasnian–Famennian boundary interval. The latest Frasnian crisis interval is characterized by the fauna of Ryocarhynchus
tumidus interval consisting of the nominal species, Barroisella campbelli, Biernatella polonica, and representives of
Lingulipora, Athyris, ?Retichonetes, Longispina, Cyrtospirifer and Warrenella. The first brachiopods that appears imme−
diately above the F–F boundary in the survival interval include the unidentified rhipidomellid, Praewaagenoconcha cf.
speciosa, and Pampoecilorhynchus geniculatus sp. nov. The fauna in the succeeding layer is dominated by P. geniculatus
and Cyrtospirifer minor. The earliest Famennian repopulation assemblage consists of representatives of Barroisella,
?Rhyssochonetes, Praewaagenoconcha, Nigerinoplica, Schizophoria, unidentified rhipidomellid, Pampoecilorhynchus
geniculatus sp. nov., Chapinella striata sp. nov., Crinisarina angelicoides, and Cyrtospirifer minor. Low diversity and
low frequency brachiopod assemblages consisting of stunted specimens characterize the succeeding brachiopod intervals
spanning the remainder of the Palmatolepis triangularis Zone. Basinal dysoxia prevailed in the region for the duration of
Pa. triangularis Zone. Resumption of aerobic bottom−water conditions is marked by the appearance of brachiopods of the
Dmitria gibbosa interval (Pa. crepida Zone). Resumption of favorable environmental conditions during the recovery in−
terval is marked by an increase in brachiopod diversity recording the beginning of a strong post−extinction re−
diversification of the fauna.
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Introduction

Devonian strata of the Dębnik anticline (Cracow Region,
southern Poland) were deposited in the proximal part of the
Polish epicontinental basin trending NW–SE (Fig. 1). The
basin was bordered from the north and east by the Byelo−
russian Land (southwestern margin of the East European
Craton), from the west by the Variscan Deformation Front,
and from the south by the Moravian Karst and Sub−Carpa−
thian Arch (Dadlez et al. 1994; Narkiewicz 1985, 1996;
Narkiewicz and Hoffman 1989; Racki and Baliński 1998).
The Devonian sequence of carbonates in the Dębnik area was
deposited near the Sub−Carpathian Arch along the southern
margin of the cratonic basin. Today these strata are usually
poorly exposed in a small area centered around the village of
Dębnik. Major advances in the understanding of the Fras−
nian–Famennian brachiopod and conodont faunal dynamics
have been well documented in a series of studies by Baliński
(1979, 1995a, 1996) and Baliński and Racki (1999). In 1998
a new supplementary trench (Z−17) was excavated by Dr. G.
Racki and the present author to the south of Dębnik to inves−
tigate the Frasnian–Famennian boundary and relevant
paleontological and geochemical aspects of the F–F biotic
crisis. This paper documents the latest Frasnian and post−
crisis brachiopod sequence and faunal dynamics in the earli−

est Famennian (Early to Middle Palmatolepis triangularis
Zone) of the trench Z−17. For geochemical and biostrati−
graphical aspects of the section see Racki et al. (in press).
Chondrichtyan remains from the outcrop were studied by
Ginter (2002).

All specimens reported herein have been deposited at the
Institute of Paleobiology, Polish Academy of Sciences, War−
saw (ZPAL) in the collection abbreviated Bp 46; for sake of
brevity of the figure captions, however, I ommitt “ZPAL” in
the abbreviation and refer to Bp 46.

Diversity dynamics of the brachiopod
fauna near the F–F boundary

The Frasnian–Famennian brachiopod sequence from the
Dębnik anticline was described in detail by Baliński (1995a,
1996) and Baliński and Racki (1999). Recent investigation of
the new outcrop (Z−17) revealed the occurrence of a new
brachiopod assemblage unknown to those earlier investiga−
tors. The newly discovered assemblage was recovered just
above the F–F boundary, and is dominated by the rhyncho−
nelloid brachiopod Pampoecilorhynchus geniculatus sp. nov.
and the cyrtospiriferid Cyrtospirifer minor. This new assem−
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blage characterizes a new Early Famennian faunal interval in
the Late Devonian of the Dębnik area, that intervenes be−

tween the latest Frasnian Ryocarhynchus tumidus and early
Famennian Orbiculatisinurostrum laeve intervals.
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Fig. 1. Devonian paleogeographic map of Poland showing location of Dębnik area (A, compiled after Dadlez et al. 1994 and Racki and Baliński 1998) and
trench Z−17 (B) with its lithologic section and distribution of brachiopods (C).



Latest Frasnian “crisis” assemblage

In the Dębnik area the highest Frasnian assemblage in the
brachiopod sequence is the Ryocarhynchus tumidus interval
(Fig. 2) represented in trench Z−6 and lowermost part of
Z−17. Generally, the sparse brachiopod fauna of the interval
occurs 0.5 m below the F–F boundary in a shell bed yielding
abundant R. tumidus, associated with linguloids, the hele−
nathirin Biernatella polonica, and rare ?Ryssochonetes sp.,
Longispina sp., Athyris cf. concentrica, Warrenella (Warre−
nella) sp., Cyrtospirifer minor, and ?Tenticospirifer sp. Ryo−
carhynchus tumidus is also known from the highest Frasnian
of the eastern Holy Cross Mountains (Racki and Baliński
1998: 296) and Senzeille, Belgium (Bouckaert et al.1972). In
Poland the highest part of the R. tumidus interval is defined
by the last occurrence of Biernatella polonica. The latter spe−
cies is the youngest member of the diplospiralium−bearing
helenathyrin that first appear in the early Devonian (see
Alekseeva 1969; Alvarez et al. 1998; Baliński 1977, 1995b).
The last atrypoids disappear from the record slightly earlier
within R. tumidus interval.

The uppermost beds of the Ryocarhynchus tumidus inter−
val exposed in trench Z−6 and at the base of the section in
trench Z−17 probably represent the “crisis” or “extinction”
zone that yield a low diversity assemblage dominated by R.
tumidus (Fig. 2.3; see also Baliński 1995a). This rhyncho−
nellid was probably adapted to dysoxic conditions (see
Bowen et al. 1974). Hałas et al. (1992) noted a shift to more
positive values in the carbon isotopic curve at the F–F bound−
ary at Dębnik, that is probably related to development of an
upwelling system that brought anoxic waters up onto the
shelf. The recent studies of heavy metals composition (V, Ni,
Cr) of the section in trench Z−17 suggest fluctuating oxic to
dysoxic bottom−water conditions in the highest Frasnian and
its deterioration towards hypoxic levels in the Early Famen−
nian (Racki et al. in press).

The only articulated brachiopods that carryover from the
late Frasnian faunas recovered immediately above the F–F
boundary are Cyrtospirifer minor and ?Ryssochonetes sp.
Both of these possibly represent ecological opportunists in
the sense of Harries and Kauffman (1992) or short−term Laz−
arus taxa (Kauffman and Hart 1996).

Earliest Famennian survivors

A number of brachiopod taxa have their first (lowest) occur−
rences immediately above the F–F boundary in the survival
interval (=Pampoecilorhynchus geniculatus interval of Fig.
2) with Cyrtospirifer minor and ?Ryssochonetes sp. These in−
clude: the productid Praewaagenoconcha cf. speciosa, unde−
termined rhipidomellid, and the rhynchonelloid Pampoecilo−
rhynchus geniculatus sp. nov. Slightly higher, P. geniculatus
(nominal species for the post−extinction survivor assem−
blage) becomes abundant in bed 12 (upper part of the set II) at
0.8 m above the F–F boundary. Species of Pampoecilo−
rhynchus occur elsewhere in early Famennian deposits of

Asia and Europe (Brice et al. 2000). The oldest Famennian
occurrence of Cyrtospirifer minor is in this bed after a tempo−
rary absence in the area during the most severe environmen−
tal disturbance. This opportunist or short−term Lazarus spe−
cies increases in abundance, although represented by smaller
morphotypes, in younger beds.

The entire repopulation assemblage from bed 12 of the set
II (spans the early part of the Early Pa. triangularis Zone) con−
sists of one linguloid and nine articulated species (Fig. 2).
These include: Barroisella campbelli, Nigerinoplica sp., Prae−
waagenoconcha cf. speciosa, ?Ryssochonetes sp., ripido−
mellid gen. et sp. indet., Schizophoria (Schizophoria) sp.,
Pampoecilorhynchus geniculatus sp. nov., Chapinella striata
sp. nov., Crinisarina angelicoides, and Cyrtospirifer minor.

The younger layers of the trench Z−17 (base of set III:
Fig. 1; the earliest Middle Pa. triangularis Zone) reveal an
important change in the brachiopod sequence. Pampoecilo−
rhynchus geniculatus gradually disappears and is replaced by
another rhynchonelloid Orbiculatisinurostrum leave. The
first occurrence of the latter defines the base of the succeed−
ing O. laeve interval (Fig. 2). Strata of the O. laeve interval
consist of platy, micritic, dark−grey to almost black lime−
stones that crop out in the area of trench Z−17, and are seen in
several nearby trench sections (Baliński 1979, 1995a). The
O. laeve interval spans part of the Pa. triangularis Zone, and
is characterized by a low diversity and low abundance assem−
blage consisting of small phenotypes of O. laeve, Cyrto−
spirifer minor, and Pygmis jablonensis.

Low diversity and sparse assemblages characterize the
succeeding Iloerhynchus mesoplicatus, Cyrtospirifer brodi,
and Cyrtospirifer wesgensis intervals (Baliński 1995a).
These three intervals above the O. leave interval span part of
the Late Pa. triangularis Zone. The I. mesoplicatus, C. brodi,
and C. wesgensis intervals characterize the post−extinction
survival interval. Each assemblage consists of two to four
brachiopod taxa (Fig. 2). The low species and generic diver−
sity (oligophyly sensu Urbanek 1997, 1998) show the charac−
teristics of post−extinction survivor assemblages (e.g.,
Urbanek 1998; Walliser 1996) following major diversity re−
duction bio−events (Kauffman and Hart 1996).

Early Famennian recovery faunas

The succeeding Dmitria gibbosa interval (Palmatolepis
crepida Zone; Fig. 2) records termination of basinal episodic
hypoxia that persisted throughout the region during the entire
Pa. triangularis Zone. A change to more favorable environ−
mental conditions are reflected in a distinct increase of
brachiopod species diversity from 2 to 4 to 13 species. This
recovery interval (diversification bio−event of Kauffman and
Hart 1996; radiation events of Walliser 1996) records the be−
ginning of a strong re−diversification of brachiopod fauna in
the Dębnik area. Diversity peaks at 14 species in the succeed−
ing Cavatisinurostrum longililnguis interval (see Baliński
1995a; Baliński and Racki 1999). Species characterizing as−
semblages of the D. gibbosa and C. longiliguis intervals are
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Fig. 2. The sequence of the Late Frasnian–Early Famennian brachiopod assemblages in Dębnik anticline, Cracow Region, southern Poland. Explanations:
1, Warrenella sp.; 2, Biernatella polonica Baliński, 1977; 3, Ryocarhynchus tumidus (Kayser, 1872); 4, ?Tenticospirifer sp.; 5, Longispina sp.; 6, Barroi−
sella campbelli Cooper, 1942; 7, ?Ryssochonetes sp.; 8, Schizophoria (Schizophoria) sp.; 9, rhipidomellid gen. et sp. indet.; 10, Pampoecilorhynchus
geniculatus sp. nov.; 11, Crinisarina angelicoides (Merriam, 1940); 12, Praewaagenoconcha cf. speciosa (Hall, 1867); 13, Chapinella striata sp. nov.;
14, Pygmis jablonensis (Biernat, 1983); 15, Orbiculatisinurostrum laeve (Gürich, 1903); 16, Cyrtospirifer minor (Gürich, 1903); 17, Athyris cf. concentrica
(v. Buch, 1834); 18, Minirostrella rara Baliński, 1995; 19, Iloerhynchus mesoplicatus Baliński, 1995; 20, Nigerinoplica sp.; 21, Cyrtospirifer brodi
(Venjukov, 1886); 22, Sentosia profunda McKellar, 1970; 23, Centrorhynchus sp.; 24, Cyrtospirifer wesgensis Zheiba, 1980; 25, Schizophoria (S.)
shubarica Martynova, 1961; 26, Donalosia sp.; 27, Ptychomaletoechia sp.; 28, Athyris aff. area Baliński, 1995b; 29, Cyrtospirifer cf. acutus Nalivkin,
1960; 30, Rhytialosia sp.; 31, Coeloterorhynchus sp.; 32, Crinisarina aff. reticulata (Gosselet, 1877); 33, Eobrachythyris? palkowae (Gürich, 1903);
34, Dmitria gibbosa Baliński, 1995b; 35, Cyrtiopsis famenniana (Paeckelmann, 1942). All × 1.



spiriferides, athyridides, and rhynchonellides. Adult shell di−
mensions vary widely from 2 mm length in micromorphic
cardiarinid Loborina lobata Baliński to more that 40 mm in
spiriferid Dmitria gibbosa (Gürich).

Final remarks

The Latest Frasnian–Early Famennian brachiopod sequence
in in the Late Devonian of the Dębnik area record the benthic
faunal dynamics during the F–F extinction, the post−extin−
ction survival and recovery in southern Poland. The survival
interval, which persisted during the basal Famennian Early
Pa. triangularis Zone, was characterized by low diversity
and low frequency cyrtospiriferid–rhynchonelloid or cyrto−
spiriferid–productoid assemblages (Baliński 1995a) fre−
quently represented by stunted phenotypes characteristic for
disturbed and stressed environments (the “Liliput” phenome−
non of Urbanek 1993). The same pattern of expansion of
cyrtospiriferids and productoids in the middle part of the Pa.
triangularis Zone was observed in the Holly Cross Moun−
tains (Racki 1990; Racki and Baliński 1998). During the Pa.
crepida Zone, brachiopods, as well as a whole shelf ecosys−
tem, seem to successfully recover after the serious distur−
bance at the F–F boundary. The post−extinction recovery of
the shelf biota during the Pa. crepida Zone is also observed in
the Holy Cross Mountains (Racki 1990, 1998; Racki and
Baliński 1998).

The earliest Famennian survival fauna from the Dębnik
anticline is similar in composition to the early Famennian sur−
vivor fauna described from the Hanover Shale of eastern North
America by Day and Over (2002, this volume). The two sur−
vival faunas feature eight common taxa at the family or ge−
neric level, i.e., linguloid, chonetid, Praewaagenoconcha,
rhipidomellid, Schizophoria, trigonirhynchid, leiorhynchid,
and Cyrtospirifer. Other earliest Famennian survival brachio−
pod faunas from several localities of North America also fea−
ture similar species (Day, personal communication October
2000). The brachiopod assemblage revealed in the Early Pa.
triangularis Zone in section at Šumbera near Brno, Czech Re−
public, similarly as that from Dębnik, consists of productoids,
schizophorids, cyrtospiriferids, and costate rhynchonellid
Ripidiorhynchus (Racki 1998: 400).

The post−extinction survival interval in the Dębnik area
spans the entire Pa. triangularis Zone and probably the basal
part of the Pa. crepida Zone. Sandberg and Ziegler (1996) sug−
gested that the average duration of a Famennian conodont
zone is 0.5 Ma. Assuming such a duration, the brachiopod
fauna in Dębnik area rebounded after some 1.5–2.0 Ma. of the
survival interval. Work by Kirchner and Weil (2000: 177)
showed that extinctions do not trigger immediate evolutionary
rebounds and that significant originations of new taxa follow−
ing mass extinction took as long as 10 Ma. The post−extinction
recovery of the brachiopod fauna following the F–F extinction
was quite rapid in comparison, at least in the Dębnik area of
southern Poland. According to Erwin (2000) survival intervals
have highly variable durations. Similarly, McGhee (1996) no−

ticed that the timing of brachiopod recoveries after the F–F ex−
tinction varied from region to region. Jablonski (1998) docu−
mented similar geographic variation in patterns of biotic re−
covery of molluscs following the end−Cretaceous extinction.
The delayed rebound and rediversification of echinoderms in
the early Famennian of northwest China and Europe was dis−
cussed by Lane et al. (1997) and Erwin (1998) (see also
Głuchowski 2002).

Systematic paleontology

Class Lingulata Gorjansky and Popov, 1985
Order Lingulida Waagen, 1885
Superfamily Linguloidea Menke, 1829
Family Lingulidae Menke, 1828
Genus Barroisella Hall and Clarke, 1892
Barroisella campbelli Cooper, 1942
Fig. 3A.

Barroisella campbelli new name; Cooper 1942: 228.
Barroisella campbelli Cooper, 1942; Baliński 1995a: 30, pl. 1: 10, 14, 16.

Material.—Fourteen more or less fragmentary specimens
embedded in rock.

Remarks.—The available specimens are characterized by
their small longitudinally elliptical shell that tapers posteri−
orly with poorly preserved internal markings. Internal mark−
ings of this species are well known from illustrated speci−
mens from nearby localities (Baliński 1995a: pl. 1: 10, 14,
16). Of those, the most characteristic internal feature is the
dorsal median ridge that bifurcates near mid−valve and en−
folds a second short ridge (Baliński 1995a: pl. 1: 14, 16).

Occurrence.—B. campbelli is known from the Late Devo−
nian of the USA (Indiana, New York). Studies by Baliński
(1979, 1995a) indicate that in Poland (at Dębnik) this species
ranges from the early Frasnian through the early Famennian
(Pa. crepida Zone).

Class Strophomenata Williams et al., 1996
Order Productida Sarytcheva and Sokolskaya, 1959
Suborder Productidina Waagen, 1883
Superfamily Productoidea Gray, 1840
Family Productidae Gray, 1840
Subfamily Leioproductinae Muir−Wood and Cooper,
1960
Genus Nigerinoplica Lazarev, 1986
Nigerinoplica sp.
Fig. 3E–G.

Nigerinoplica sp.; Baliński 1995a: 34, fig. 6; pl. 2: 8, 10; pl. 5: 9.

Material.—Four fragmentary specimens from set II and
three specimens from set III of trench Z−17.

Remarks.—This species was first described from slightly
younger Early Famennian horizons in the Dębnik area by
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Baliński (1995a). Those previously documented, as well its
occurrence outlined here fall within the interval of the Pa.
triangularis and lower part of Pa. crepida Zones. The poorly
preserved specimens from trench Z−17 are medium sized,
with a strongly convex ventral valve. Rare spines are scat−
tered on the ventral valve, situated on elongated spine bases
that arise anteriorly from short radial ribs.

The Dębnik specimens are probably conspecific with
Productella herminae Frech that is a characteristic fossil
from the Elets beds (lower Famennian) of the East European
Platform (Markovski and Nalivkin 1934; Sarytcheva and
Sokolskaya 1952). Productella herminae was also described
by Żakowa (1965) from the lower Famennian of borehole
Karniowice 3 situated approximately 6 km to the east of
Dębnik. It is also reported by Kościelniakowska (1967) from
the Frasnian of the Holy Cross Mountains. Lazarev (1986:
67) first suggested that specimens reported as P. herminae
from Russia belong to his new genus Nigerinoplica Lazarev.

Superfamily Echinoconchoidea Stehli, 1954
Family Sentosiidae McKellar, 1970
Subfamily Caucasiproductinae Lazarev, 1987
Genus Praewaagenoconcha Sokolskaya, 1948
Praewaagenoconcha cf. speciosa (Hall, 1867)
Fig. 3B–D.

Praewaagenoconcha cf. speciosa (Hall, 1867); Baliński 1979: 31–32,
pl. 3: 3, 6.

Material.—31 fragmentary specimens from trench Z−17.
This species is rare in the most of the trench Z−17 section al−
though it is quite common in the upper part of the set II being
one of the characteristic brachiopods of the assemblage of the
Pampoecilorhynchus geniculatus interval.

Remarks.—Three specimens of the species reported in earlier
studies were recovered from slightly younger strata of trench
Z−16 and quarry Z−2 from the lower part of Pa. triangularis
conodont Zone (Baliński 1979). The present collection, al−
though rather poorly preserved, includes numerous speci−
mens. This species is closely similar to Productella speciosa
Hall from the Chemung Group, USA (Hall and Clarke 1892:
pl. 17: 25, 26) in its general appearance. It has relatively fine
spines, which occur on both valves. One specimen preserves
ventral teeth and dorsal sockets. Aspine bearing median ridge,
a feature common to members of Praewaagenoconcha, is not
observed on the ventral valves of available specimens.

Suborder Chonetidina Muir−Wood, 1955
Superfamily Chonetoidea Bronn, 1812
Family Chonetidae Bronn, 1862
Subfamily Dagnachonetinae Racheboeuf, 1981
Genus Ryssochonetes Johnson, 1970
?Ryssochonetes sp.
Fig. 3J.

Material.—One partially exfoliated specimen embedded in
matrix from the lowest beds (set I) of trench Z−17 and six ad−

ditional fragmentary specimens etched using acetic acid from
the limestone (upper part of the set II); one specimen from
topmost layer of trench Z−17.

Remarks.—The species is characterized by its small shell
with radial costellae crossed by concentric undulating fila.
The internal shell structure of the species remains unknown
because of the poor preservation of available specimens.

Occurrence.—This species was found in the highest Frasnian
(set I) and in the lowest Famennian (the upper part of the set
II, the Early Pa. triangularis Zone) of the section in trench
Z−17. One fragmentary shell was recovered in the uppermost
bed of the trench (set III, the Middle Pa. triangularis Zone).

Subfamily Devonochonetinae Muir−Wood, 1962
Genus Longispina Cooper, 1942
Longispina sp.
Fig. 3K.

Material.—One shell fragment embedded in rock.

Remarks.—The species is represented by a single poorly pre−
served and fragmentary specimen that has a row of hinge
spines almost parallel to the cardinal margin of the ventral
valve. The specimen occurs in the lowest bed of trench Z−17
(set I, highest Frasnian).

Order Orthida Schuchert and Cooper, 1932
Suborder Dalmanellidina Moore, 1952
Superfamily Dalmanelloidea Schuchert, 1913
Family Rhipidomellidae Schuchert, 1913
Rhipidomellid gen. et sp. indet.
Fig. 3I.

Material.—Two fragmentary specimens from the earliest
Famennian (set II) of the trench Z−17.

Remarks.—This is one of the first brachiopods to appear im−
mediately above the Frasnian–Famennian boundary in trench
Z−17. Poor preservation of the specimen does not permit a
more definite identification.

Superfamily Enteletoidea Waagen, 1884
Family Schizophoriidae Shuchert and LeVene, 1929
Genus Schizophoria King, 1850
Subgenus Schizophoria (Schizophoria) King, 1850
Schizophoria (Schizophoria) sp.
Fig. 3H.

Remarks.—Two poorly preserved and fragmentary speci−
mens were collected from set II of trench Z−17. They are sim−
ilar to Schizophoria schubarica Martynova, 1961 reported
from limestones in trenches Z.orb.−1 and 8 at Dębnik. Ac−
cording to Baliński (1995a: 31) those occurrences are within
the interval of the Pa. crepida Zone and probably part of the
Early Pa. rhomboidea conodont Zone. The poor state of pres−
ervation of the present specimens does not permit satisfac−
tory comparison with other species.
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Order Rhynchonellida Kuhn, 1949
Superfamily Rhynchotrematoidea Schuchert, 1913
Family Trigonirhychiidae Schmidt, 1965
Subfamily Hemitoechiinae Savage, 1996
Genus Pampoecilorhynchus Sartenaer, 1968
Pampoecilorhynchus geniculatus sp. nov.
Figs. 4, 5D–I.

Holotype: ZPAL Bp 46/52d, complete shell illustrated in Fig. 5G.

Type locality: Bed 12 of the set II, trench Z−17 near the village of
Dębnik, Cracow Region, southern Poland.

Type horizon: Platy Limestone Unit, Lower Famennian, Early Palmato−
lepis triangularis Zone.

Etymology: After geniculation of the anterolateral shell margin.

Diagnosis.—Shell medium sized, rarely exceeds 21 mm in
width, wider than long, dorsibiconvex, anterior commissure
strongly uniplicate; costae rounded to slightly sharp, usually
two to three on flanks, two in sulcus and three on fold; first
two lateral costae bounding the ventral sulcus have a ten−
dency to form spurs anteriorly; anterior and lateral margins of
both valves always geniculate in large specimens. Differs
from all other species of the genus by the character of the
shell costation that is thicker and with costae confined to the
anterior half of the shell only.

Material.—21 complete or slightly damaged and 53 frag−
mentary shells. Most specimens exfoliated to some degree.
Large specimens make up most of the collection with the
smallest 6.7 mm in length.

Description.—Shell medium sized, usually not exceeding 21

mm in width, wider than long, transversely elliptical to trans−
versely subpentagonal in outline, dorsibiconvex, uniplicate
with well defined sulcus and fold; hinge line angular, lateral
margins arched, anterior margin truncated. In large shells
(above 12–14 mm in length) the anterior and lateral margins
are geniculate with a serrated commissure between the
valves laying in the middle of the geniculation. Medial sector
of geniculate part of the shell flat, slightly concave in adja−
cent lateral sectors. Postero−lateral commissure sticking out
and sharp.

Ventral valve with moderately convex postero−median
region and almost flat to even slightly concave flanks;
beak small erect, deltidial plates small, disjunct. Sulcus
clearly bounded by strong lateral costae that arise some
distance from the umbo; the bottom of the sulcus usually
slightly convex.

Brachial valve about twice as convex as the ventral one;
in lateral profile the valve is gently arched to straight or even
slightly concave in anterior half. Fold distinct, begins some
distance from the umbo, separated laterally by deep troughs;
when fold bears three or more costae the lateral costae are
slightly higher than the medial costae.

Posterior region of shell with very delicate, low and
rounded radial ribs; the median ribs are better marked and an−
teriorly they become very strong costae. The lateral ribs dis−
appear in the middle of the shell, or, some of them continue
anteriorly to give rise of strong lateral costae. This gives a
general impression that both posterior and anterior regions of
the shell display a different kind of ornamentation.

The majority of shells (64%) bear two costae in sulcus
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Fig. 3. Early Famennian brachiopods, trench Z−17, Dębnik anticline, Poland. A. Barroisella campbelli Cooper, 1942; partially exfoliated shell Bp 46/48a in
dorsal view; × 3. B–D. Praewaaagenoconcha cf. speciosa (Hall, 1867). B. Exterior of the ventral valve Bp 46/20a. C, D. Internal view of two partially exfo−
liated dorsal valves Bp 46/25a and Bp 46/25b; × 1.5. E–G. Nigerinoplica sp. E, F. Side view of two shells Bp 46/24a and Bp 46/18a. G. Shell Bp 46/24b in
dorsal view showing partially removed ventral valve and interior of the dorsal valve; × 1.5. H. Schizophoria (Schizophoria) sp.; incomplete shell Bp 46/37a
in dorsal view; × 1.5. I. Rhipidomellid gen. et sp. indet; exterior of poorly preserved ventral valve Bp 46/40; × 2. J. ?Ryssochonetes sp.; incomplete shell Bp
46/15 in ventral view; × 15. K. Longispina sp.; poorly preserved shell Bp 46/17z in ventral view; × 5.



and three costae on the fold, 20% of shells have three and
four costae, respectively. In 8% of shells there is a single
plication in sulcus and two on the fold, and 4% of shells have
four and five costae, respectively. There are two to three lat−
eral costae; parietal costae usually absent, developed in a few
specimens only. In cross−section costae are rounded to
slightly angular, with tendency to being more angular anteri−
orly. Micro−ornament not observed.

Ventral valve interior with distinct and subparallel to

slightly convergent dental plates. Dorsal valve interior with
wide outer hinge plates and narrow crural plates supported by
a long median septum forming Y−shaped septalium (Fig. 4).
Connectivum not observed in all seven sectioned specimens.

Remarks.—The strongly costate shell with the interior domi−
nated by the dental plates and strong uncovered septalium
suggest that the specimens described here represent the Early
Famennian genus Pampoecilorhynchus Sartenaer, 1968. The
new species differs from other representatives of the genus
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by having fewer costae, with costae strongly developed on
the anterior half of the shell only. From the type species
Pampoecilorhynchus nux (Gosselet, 1887) the new species
differs by its smaller and wider shell with distinctly
geniculate antero−lateral shell margins. From P. abellanus
Sartenaer, 1968 the new species differs by its more strongly
globose shell. Shells of P. lecomptei (Sartenaer, 1954) and P.
arianus Sartenaer, 1968 are also geniculated but differ from
P. geniculatus sp. nov. by their strong costae originating at
their umbones.

Externally the new species is closest to Pampoecilo−
rhynchus praenux Sartenaer, 1958 described from the Early
Famennian of the Dinant Basin and Vesdre Massif (Sartenaer
1958, 1968, 1985). The present species differs from the Bel−
gian form by its fewer medial and lateral costae that are

smaller with rounded cross−sectional profiles in the posterior
region of the shell and its distinct geniculation of the shell
margins. Pampoecilorhynchus praenux is the index fossil for
the brachiopod zone in Belgium, that there is associated with
conodonts of the Middle Pa. triangularis Zone (Sartenaer
1985). Pampoecilorhynchus cf. praenux described by Matyja
and Żbikowska 1974) from the Pa. crepida Zone of the
Minkowice 1 borehole (Lublin Basin, Poland) was rejected
from the species by Sartenaer (1985: 321). It is probable that
P. geniculatus is the oldest representative of the genus.

Occurrence.—According to Sartenaer (1968: 31–33; 1985:
321) the genus Pampoecilorhynchus occurs in the Early
Famennian (mainly Pa. triangularis conodont Zone) of
USA, Germany, Belgium, France, Iran, and Afghanistan. P.
geniculatus sp. nov. occurs in dark−grey micrites represent−
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ing the Early and basal part of the Middle Pa. triangularis
Zone in trench Z−17 near the village of Dębnik, Cracow Re−
gion, southern Poland.

Superfamily Pugnacoidea Rzhonsnitskaya, 1956
Family Pugnacidae Rzhonsnitskaya, 1956
Genus Chapinella Savage, Eberlein and Churkin,
1978
Chapinella striata sp. nov.
Figs. 5A, B, 6.

Colophragma? sp.; Baliński 1995a: 45–47, pl. 4: 6–7, fig. 11B.

Holotype: ZPAL Bp 46/33a, a complete shell illustrated in Fig. 5A.

Type locality: Trench Z−17 near the village of Dębnik, Cracow Region,
southern Poland.

Type horizon: Platy Limestone Unit, Lower Famennian, the Early
Palmatolepis triangularis Zone.

Etymology: After very delicate striae on the shell surface.

Diagnosis.—Shell medium sized, usually up to 21 mm in
width, wider than long, strongly dorsibiconvex, the greatest
thickness situated at two−third of the shell length from the
umbo or slightly further anteriorly; anterior commissure
strongly uniplicate; usually three costae in fold and two in
sulcus, up to three costae on flanks; medial costae originate
near mid−length of the shell, lateral costae are distinct near
the anterior margin; shell surface weakly striate. Interior of
the dorsal valve with extremely short medial myophragm
that supports the base of the hinge plates. The new species
differs from C. bucareliensis Savage et al., 1978 by the more
inflated posterior region of its dorsal valve.

Material.—Ten complete or almost complete shells and 45
shell fragments, all from trench Z−17. In addition, 33 speci−
mens were recovered and described by Baliński (1995) from
slightly younger horizons at the Z−2 and Z−9 outcrops (see
synonymy).

Description.—Shell medium sized for the genus, outline
subelliptical, wider than long, width averages 102 to 139% of
shell length, strongly dorsibiconvex; cardinal margin curved,
lateral margins rounded, anterior margin truncate or gently
arched; anterior commissure strongly uniplicate.

Ventral valve distinctly less convex than the dorsal one,
with gently convex flanks; sulcus distinct, begins one−third
to one−half of the valve length from umbo, deep, with con−
cave to slightly convex bottom; beak suberect to erect, pro−
tuberant.

Dorsal valve regularly convex in lateral profile, with
swollen posterior region and slightly concave near both ends
of the cardinal margin; the valve thickness from 51 to 71% of
the total shell thickness; fold originates at mid−valve, moder−
ately elevated, with rounded top in transverse profile.

Eighty−one per cent of the specimens with three costae on
fold and two costae in sulcus. Four and five costae, respec−
tively, occur in 15% of the specimens. One shell with two
costae on fold and two shells with five costae. Lateral costae
are shorter and markedly weaker than the medial costae; with

one to as many as three lateral costae on each flank of the dor−
sal valve and two to four costae on the ventral valve. Very
weak and fine radial striae are observed on well preserved
specimens; their number averages 8 to 9 per mm.

Ventral interior with distinct subparallel dental plates and
distinct umbonal chambers (Fig. 6). Dorsal interior with thin
hinge plates unsupported by median septum; in umbonal re−
gion a very short median thickening or myophragm occurs in
sectioned specimens (Fig. 6), although it cannot be regarded
as a true median septum.

Remarks.—The new species characterizes the earliest
Famennian brachiopod assemblage found in trench Z−17.
This species was identified earlier as Colophragma? sp. in
nearby Z−2 and Z−9 outcrops with limestones that represent
slightly younger horizons of Pa. triangularis Zone (Baliński
1995a: 45–47, pl. 4: 4–5, fig. 11B). Chapinella striata sp.
nov. shares many external characters with the type species C.
bucareliensis Savage et al., 1978. The latter was described
from the Middle to Late Famennian of Port Refugio Forma−
tion, southeastern Alaska (Savage et al. 1978). The Polish
species differs mainly by having more inflated posterior re−
gion of the dorsal valve as it is seen in a lateral profile of the
shell. Small individuals of C. striata resemble very much
“Pugnax” rara Sartenaer, 1969 (= Chapinella rara, accord−
ing to Savage et al. 1978) from the Lower Famennian of
western Canada (Sartenaer 1969). The main difference be−
tween these species is in the position of the greatest thickness
of the shell that in the latter is situated at the top of always re−
curved posteriorly tongue. The Polish species differs from
Chapinella kovalevi Cherkesova, 1997 of the Late Famen−
nian of Taimyr (Cherkesova 1997) by having weaker costae,
more convex ventral valve, shorter tongue, and lower dorsal
fold.

Savage et al. (1978) attributed Parapugnax bactriense
Johnson et al., 1969 from the Famennian West Range Lime−
stone of Nevada, USA, to Chapinella. The holotype and the
three of the illustrated paratypes of the Nevada species differ
markedly from C. striata. The fourth paratype (Johnson et al.
1969, pl. 157: 14–18) externally is close to the Polish species
on one hand, and to Colophragma ellipticum Cooper and
Dutro, 1982 on the other. It is possible that all three species
are closely related although systematically they are currently
attributed to different genera. The differences between
Chapinella and Colophragma are not great, if not problem−
atic, and the presence of a short median septum in the latter
genus seems to be overemphasized.

Occurrence.—Chapinella striata sp. nov. occurs in dark−
grey micrites in trench Z−17 near the village of Dębnik, Cra−
cow Region, southern Poland. It was described earlier as
Colophragma? sp. in slightly younger horizons sampled in
exposures in quarry Z−2 and trench Z−9 (Baliński 1995a).

Superfamily Camarotoechioidea Schuchert and
LeVene, 1929
Family Leiorhynchidae Stainbrook, 1945
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Subfamily Leiorhynchinae Stainbrook, 1945
Genus Orbiculatisinurostrum Sartenaer, 1984
Orbiculatisinurostrum laeve (Gürich, 1903)
Fig. 5C.

Leiorhynchus laevis Gür.; Gürich 1903: 150, pl. 2: 12, 15.
Leiorhynchus laevis Gürich; Baliński 1979: 47–49; pl. 9: 1–7, fig. 16.
Orbiculatisinurostrum laeve (Gürich); Baliński and Racki 1999:

fig. 1.7.

Material.—The material coming from trench Z−17 includes
2 complete shells and 68 fragmentary specimens.

Description.—Gürich’s species was re−described under its
original generic name by Baliński (1979). In 1984 Sartenaer
erected the new genus Orbiculatisinurostrum and designated
L. laevis from Dębnik as the type species.

Remarks.—In trench Z−17 Orbiculatisinurostrum laeve ap−
pears at the base of the Middle Pa. triangularis Zone, i.e. about
1.3 m above the F–F boundary. It is one of the most abundant
brachiopods in this part of the section. It was described earlier
by Baliński (1979) from several neighboring outcrops of the
Lower Famennian beds: Z−2, Z−3, Z−13, Z−15, and Z−16.

Order Athyridida Boucot, Johnson, and Staton, 1964
Suborder Athyrididina Boucot, Johnson, and Staton,
1964
Superfamily Athyridoidea Davidson, 1881
Family Athyrididae Davidson, 1881
Family ?Didymothyridinae Modzalevskaya, 1979
Genus Pygmis gen. nov.
Type species: Nucleospira jablonensis Biernat, 1983.

Etymology: Combination of letters of Gr. pygmaios (a dwarf) and
Athyris.

Diagnosis.—Shell small, smooth, ventribiconvex to almost
biconvex, weakly uniplicate; dorsal fold very low, begins at
anterior third of shell, or absent; ventral sulcus shallow to
very shallow; ventral beak erect; small concave ventral area
present, delthyrium open; dental plates distinct, subparallel;
cardinal plate short, partly embedded in the shell substance;
spiralia directed laterally with at least of four volutions;
jugum well developed. Pygmis differs from majority of
athyridoids by its small, smooth shell. From equally small
helenathyrins it differs by the absence of diplospiralium.

Remarks.—Biernat (1983) described the type species of
Pygmis gen. nov. as a species of Nucleospira Hall, 1859.
Nucleospira jablonensis Biernat, 1983 from Jabłonna and
Dębnik lacks the microspinose shell ornament, dorsal me−
dian septum and the cardinal process characteristic of
Nucleospira. Pygmis jablonensis (Biernat, 1983) has distinct
dental plates, that are lacking in Nucleospira.

Pygmis gen. nov. is easily distinguished from majority of
the athyridoids by its very small shell (rarely exceeds 8 mm
in length) and smooth shell surface lacking growth lamellae.
Externally the new genus is most similar to the Upper Devo−
nian (Frasnian) helenathyrin Biernatella Baliński, 1977.
Both forms are characterized by smooth and small to very
small rostrate shells. Biernatella differs from Pygmis by its
well developed diplospiralium not observed in Pygmis
(Fig. 7). Pygmis also lacks the densely spaced growth
lamellae characteristic of Biernatella (Baliński 1995: 138,
figs. 4N, 7S, 9U).

The problematic small and smooth shelled Glassia drever−
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Fig. 6. Transverse serial sections of shell Bp 46/33c of Chapinella striata sp. nov. Numbers refer to distances in mm from the ventral apex.



manni Maillieux (1936) from the Late Frasnian Matagne For−
mation tentatively assigned to Peratos Copper, 1986 by Cop−
per (1986: 858) has been demonstrated to represent immature
shells of the rhynchonellide Ryocarhynchus tumidus (Kayser,
1872) by Godefroid and Helsen (1998: 263–264, fig. 17). Sev−
eral small poorly known Late Devonian athyridids may belong

to the new genus, including: Athyris(?) meristelloidea
Nalivkin, 1930 from the Late Devonian of Turkestan
(Nalivkin 1930: 146–147, pl. 8: 12, 13); and Athyris minuta
Klähn, 1912 from the Frasnian of Germany (Klähn 1912). The
latter species most likely represents a species of Biernatella.

Pygmis differs from Leptathyris Siehl, 1962 by the ab−
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sence of a bisulcate shell, its less pronounced dorsal umbo,
and lack of a depressed cardinal plate. Externally Pygmis re−
sembles the small Famennian athyridid Johnsonathyris Sav−
age, Eberlein, and Churkin, 1978, although the shells of the
former are less convex and feature concentric growth
lamellae and radial costellae lacking in Pygmis.

Stratigraphic and geographic range.—As for the type spe−
cies given below.

Pygmis jablonensis (Biernat, 1983)
Figs. 7, 8C–E.

Nuclespira jablonensis n. sp.; Biernat 1983: 142, 149–150, pl. 4: 1, pl.
5: 1, pl. 6: 1–2.

Emended diagnosis.—Shell small (rarely exceeding 8 mm
in length), as wide as long, widest at midlength, subcircular
to subpentagonal in outline, rather thick, ventribiconvex to
subequal, weakly uniplicate, fold and sulcus poorly devel−
oped.

Material.—Three complete and one slightly damaged shell,
and 25 shell fragments. All shells interiors infilled by sparry
calcite that conceals some details of internal shell structures.

Dimensions in mm:

Cat. No. ZPAL Bp L W T Tvv Tdv T/L %

46/58 7.8 7.8 4.4 2.3 2.1 56

46/57a 7.8 8 5.4 2.8 2.7 69

46/57b 7.8 8 5.0 3.8 2.2 64

46/57c 8.6 8.6 4.0 2.5 1.5 47

Description.—Shell rarely exceeds 8 mm in length, about as
wide as long, shell thickness averages 45–69% of the shell
length, ventral valve slightly more or equally convex as the
dorsal valve; hinge line short, slightly angular; lateral mar−
gins regularly arched, anterior margin almost straight, ante−
rior commissure weakly uniplicate.

Ventral valve with erect beak and very shallow medial
sulcus, which appears about midvalve; area high but narrow
and concave; delthyrium open. Dorsal valve with slightly
swollen posterior region; median fold lacking or weakly de−
veloped at the anterior margin only.

Interior of the ventral valve with distinct subparallel den−
tal plates and cavities, teeth massive. Dorsal valve interior
with massive cardinal plate, posteriorly embedded in shell
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substance, expanded anteriorly as thin, conjunct inner hinge
plates (Fig. 7A, B). Spiralia with at least four volutions; lat−
eral branches of jugum long, arise in posterior one−third to
two−fifths of the shell length. Other details of the internal
shell structure are difficult to study due to recrystalization of
the shell interior.

Shell surface smooth except very faint growth lines.

Remarks.—The Dębnik specimens are identical externally
with Pygmis jablonensis (Biernat, 1983) described from the
early part of the Famennian of Jabłonna. At Dębnik, P.
jablonensis occurs a few meters above the last occurrence of
helenathyrin Biernatella polonica. The similar general ap−
pearance of the shell of both forms raises the question
whether they are phylogenetically related. On close compari−
son it is found that externally P. jablonensis differs from all
species of Biernatella in having a smooth uniplicate shell
lacking concentric lamellae. Careful sectioning of several
specimens did not confirm the presence of diplospiralium
found in all of the helenathyrins.

Occurrence.—The species is uncommon in the topmost 3 m of
dark−grey micrites (set III, Middle Pa. triangularis Zone) in
trench Z−17 near the village of Dębnik, Cracow Region, south−
ern Poland. It occurs here usually in small nest−like groupings
composed of a few complete shells. The species was described
originally by Biernat (1983) from the early part of the
Famennian of Jabłonna (Holy Cross Mountains, Central Po−
land) where it is documented in trench III in the intervals of the
Middle Pa. triangularis, Late Pa. crepida or Early Pa.
rhomboidea to Early Pa. marginifera Zones.

Subfamily Cleiothyridininae Alvarez, Rong, and
Boucot, 1998
Genus Crinisarina Cooper and Dutro, 1982

Crinisarina angelicoides (Merriam, 1940)
Figs. 8A, B, 9.

Athyris angelicoides n. sp.; C.W. Merriam 1940: 84–85, pl. 10: 1

Material.—Twelve complete or slightly damaged shells and
nine fragments. Although the specimens are frequently exfo−
liated, three of them preserve well the characteristic lamel−
lose–spinose ornament in small weathered patches.

Remarks.—The specimens form Dębnik closely correspond
in shell shape, dimensions and parasulcation to those of
Athyris angelicoides Merriam, 1940 from the Early Famen−
nian of the Upper Devils Gate Formation of Nevada
(Merriam 1940). Cooper and Dutro (1982: 92) placed this
species in their new genus Crinisarina. Two other specimens
described from a slightly younger horizon from the Dębnik
anticline (Pa. crepida conodont Zone) by Baliński (1995a) as
“Athyris” aff. reticulata (Gosselet, 1877) are very similar ex−
ternally to the present specimens. The younger specimens,
however, differ by having deeper and more angular ventral
sulcus distinctly bounded laterally by folds. Their ventral
valves also differ by having concave antero−lateral flanks.
They most probably represent another species related to C.
angelicoides on one hand, and to Spirigera reticulata
Gosselet on the other. Although the specimens from the inter−
val of the Pa. crepida Zone are completely exfoliated and
thus devoid of original shell ornamentation, they almost cer−
tainly represent the genus Crinisarina. Recent examination
by the present author of the topotype material of Spirigera
reticulata var. carinata Gosselet, 1877 from Senzeilles (Bel−
gium) revealed that the variety possesses characteristic angu−
lar ventral sulcus and angular summit of the dorsal fold and
the shell ornamentation, which consists of concentric growth
lamellae bearing a fringe of spines (see also Gosselet 1877,
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pl. 3: 3f). Thus, most probably Gosselet’s species also be−
longs to the genus Crinisarina. If it is so, there is a homo−
nymy between Spirigera reticulata Gosselet, 1877 and
Cleiothyridina reticulata Stainbrook, 1947. The later is a
type species of the genus Crinisarina Cooper and Dutro,
1982. Unfortunately, the details of the internal shell structure
of these two forms remains unknown.

Occurrence.—Crinisarina angelicoides occurs in the early
Famennian in the Cyrtospirifer Zone of the Upper Devils
Gate Formation of Nevada (Merriam 1940). In Poland the
species occurs in dark−grey micrites in trench Z−17 near the
village of Dębnik, Cracow Region, southern Poland. It was
also found in the early Famennian set F at Psie Górki, Holy
Cross Mountains.

Suborder Spiriferidina Waagen, 1883
Superfamily Cyrtospiriferoidea Termier and
Termier, 1949
Family Cyrtospiriferidae Termier and Termier, 1949
Subfamily Cyrtospiriferinae Termier and Termier,
1949
Genus Cyrtospirifer Nalivkin in Frederiks, 1929
Cyrtospirifer minor (Gürich, 1903)
Fig. 8F.

Spirifer Archiaci Vern. var. minor Gürich; Gürich 1903: 142–143, pl. 1:
4–7.

Spirifer Archiaci Vern. var. minor Gür.; Jarosz 1919: pl. 8: 23.
Cyrtospirifer minor (Gürich, 1903); Baliński 1979: 67–69, fig. 22,

pl. 17: 1–11.

Material.—Two complete, 11 slightly damaged and 69 frag−
ments of shells and valves.

Remarks.—This small Cyrtospirifer species is one of the
commonest brachiopods in the lowermost Famennian beds
exposed in trench Z−17 near Dębnik. It is most abundant in
set II where it dominates (together with Pampoecilorhynchus
geniculatus sp. nov.) the assemblage. Cyrtospirifer minor
was described by Baliński (1979) from slightly younger hori−
zons, but still representing Pa. triangularis conodont Zone.
The oldest occurrence of the species is in trench Z−6 and the
basal set I of trench Z−17 (about 0.7 m below Frasnian–
Famennian boundary) in the highest Frasnian Ryocarhyn−
chus tumidus brachiopod zone. C. minor is very rare in this
horizon, however, being represented exclusively by single
broken valves.

Genus Tenticospirifer Tien, 1938
?Tenticospirifer sp.
Material.—One fragment of the conical ventral valve from
the lowest bed (set I) of trench Z−17.

Remarks.—The species is probably conspecific with the
Middle and Late Frasnian specimens of the Dębnik anti−
cline described earlier by Baliński (1979) as T. cyrtiniformis
(Hall and Whitfield, 1872). According to the recent revision
of Tenticospirifer by Ma and Day (2000) the American spe−

cies Spirifera cyrtinaformis Hall and Whitfield belongs to
the genus Conispirifer Lyashenko. The American species as
well as other members of Conispirifer differ from
Tenticospirifer by having poorly defined to obsolescent
fold and sulcus (Ma and Day 2000: 456). The catacline ven−
tral interarea, well−defined fold and sulcus and fewer me−
dial plications of the specimens from Dębnik may represent
a species of Tenticospirifer.

Suborder Delthyridina Ivanova, 1972
Superfamily Reticularioidea Waagen, 1883
Family Reticulariidae Waagen, 1883
Subfamily Rhenothyridinae Gourvannec, 1994
Genus Warrenella Crickmay, 1953
Warrenella sp.
Fig. 8G.

Material.—One incomplete, strongly deformed shell from
the lowest bed (set I) of trench Z−17 (the latest Frasnian).

Remarks.—The material is insufficient to allow a reliable
specific determination.
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