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ABSTRACT. Three bryozoan species are described from the uppermost part of the Velbert Formation (uppermost Famennian, 
“Strunian”) from the classical section Ratingen-Cromford (northwestern flank of Velbert Anticline, western Rhenish Massif, Germany). 
The described fauna includes one new genus Ratingella gen. n., one new species Crustopora fistulosa sp. n., and one species in open 
nomenclature, Nikiforovella sp. The hitherto known bryozoans from the “Strunian” of the Velbert Anticline constitute the most important 
bryozoan fauna from the Famennian ‘Condroz Shelf’, bordering on the southwestern coast of Laurussia between southwestern England 
and Pomerania (northern Poland). Coinciding, it is the most diverse European bryozoan fauna from that time slice. Facies differences 
along the northwestern flank of the Velbert Anticline between a clear-water ramp segment in the southwest and a marl ramp segment 
in the northeast are responsible for a completely different faunal association. Encrusting taxa diminish towards the north, while erect 
growing, branched taxa predominate and the general diversity increases. The studied fauna points to connections with the Asiatic part of 
Russia, Kazakhstan, and China and implies a general Palaeotethyan character for latest Famennian bryozoans in Eurasia.

KEYWORDS: Bryozoa, taxonomy, Devonian, facies, palaeobiogeography.

1. Introduction

Famennian bryozoans are widely distributed on Palaeotethyan 
platforms and adjacent epeiric seas. However, taxonomic 
knowledge is strongly biased. Besides a Middle Famennian 
faunula from Iran (Ernst & Mohammadi, 2009), a Late 
Devonian fauna from Afghanistan (Gorjunova, 2006) and a latest 
Famennian faunula from the Canning Basin (NW Australia, Ross, 
1961), knowledge is mostly based on faunas from the GUS states, 
Mongolia and northern China (see compilation in Tolokonnikova 
& Ernst, 2010). Only few publications dealt with Famennian 
bryozoans from central and western Europe, which, due to 
unfavourable siliciclastic facies in the preceding time slices, are 
restricted to the latest Famennian (“Strunian”). No Famennian 
faunas at all are known from the siliciclastic strata of the Iberian 
Peninsula or the deeper-water limestones of southern France 
(Pyrenees, Montagne Noire).

All the latest Famennian (“Strunian”) western and central 
European bryozoans have been described from the mixed 
carbonate-siliciclastic deposits of the “Condroz shelf”, bordering 
on the southwestern coast of Laurussia (Paproth et al., 1986). 
Besides Whidborne (1896, 1898), who mentioned four species 
from South England, all known bryozoans are from the Velbert 
anticline, westernmost Rhenish Mountains (Germany), which, at 
present, is the hotspot of our knowledge. Weber & Wise Jackson 
(2006) gave an overview of these bryozoans, recorded in the 
classical monograph of Nekhoroshev (1932) and in the faunal list 
of Michels (1986). Altogether, they listed 20 bryozoan species 
from the “Etroeungt”, i.e. from the uppermost Devonian. However, 
most of these species are inadequately described and illustrated, 
and many are in open nomenclature. Their identification is mainly 
uncertain. Recently, Ernst & Herbig (2010) and Tolokonnikova et 
al. (2014) started to explore the fauna from the Velbert Anticline. 
Herein we add the description of three species, including a new 

Heiligenhaus

Velbert

Neviges

Namurian Viséan Tournaisian

Upper
Devonian

Middle
Devonian

Ratingen

Wuppertal

5 km

Velbert a
nticline

Herzkamp

syncline

Düssel-
dorf

Ratingen

Cologne

Wuppertal

Rhine

Krefeld

10 km

Velbert 

anticline

Cologne

Munich

Berlin

GERMANY

Fig. 2

Figure 1. Geological sketch 
of the Velbert Anticline. 
Known uppermost Famennian 
(“Strunian”) bryozoan 
localities are situated along the 
northwestern flank between 
Ratingen (described herein) 
and Heiligenhaus, and north 
of Velbert (research well 
Velbert-4). Inset: Geological 
overview of the anticline at 
the northwestern margin of the 
Rhenish Mountains showing 
the narrow “Strunian”–Viséan 
outcrop belt (stippled in grey) 
between widely outcropping 
Devonian in the south 
(wide horizontal ruling) and 
Namurian (narrow horizontal 
ruling) in the north. The 
strata continue in subcrop 
below Tertiary-Quaternary 
sediments of the Niederrhein 
Embayment (white, subcrop 
of “Strunian-Viséan stippled 
in white) towards the Ardennes 
(modified from Herbig & 
Mamet, 2006). 
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Figure 2. Location of the section Ratingen-Cromford (white asterisk) and bryozoan localities of Ernst & Herbig (2010) (black asterisks; repository 
numbers of the Institute of Geology and Mineralogy, University of Cologne). See Table 4 for faunal contents.
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genus and two new species, from the classical profile Ratingen-
Cromford, also called “Blauer See” at the westernmost tip 
of the Velbert anticline (Fig. 1). The unexpected increase in 
diversity from the spatial relatively short outcrop belt along the 
northwestern flank of the Velbert Anticline provokes a discussion 
on facies dependency and palaeobiogeographic relations of the 
“Strunian” bryozoans from that region.

2. Geological and stratigraphical setting

The Velbert Anticline is the westernmost fold structure of 
the Rhenish Mountains which exposes Middle Devonian to 
Mississippian strata east of the Rhine River. The northeast 
plunging, internally strongly tectonized anticline crops out in the 
region between Ratingen (NE of Düsseldorf) and Wuppertal over 
a length of about 15 km along strike and 10 km across strike (Fig. 
1). Its wide Middle Devonian core is surrounded by Frasnian 
reefal and very fine-grained peri-reefal limestones (“Massenkalk”, 
“Flinzkalk”), which grade into shales, siltstones and sandstones 
of the Late Devonian and finally into a cyclic, mixed siliciclastic-
carbonate succession of the latest Famennian (“Strunian”) age. 
A narrow outcrop belt of predominantly calcareous Tournaisian 
and Viséan strata follows, succeeded by widely outcropping 
Namurian siliciclastics.

The bryozoans described herein have been derived from 
the uppermost (“Strunian”) part of the Velbert Formation 
(Paeckelmann, 1913). This formation, with an estimated thickness 
of 500–1000 m, and in most parts poorly exposed and intensively 
folded, faulted, and foliated (Bärtling & Paeckelmann, 1928), 
spans most of the Famennian. The oldest, impure limestone beds 
yielded Middle Famennian conodonts (Early marginifera Zone: 
Ribbert & Lange, 1993; Late marginifera-Early trachytera Zone: 
Amler et al. 1994). From that time onward, and into the Tournaisian, 
the northwestern flank of the Velbert anticline belonged to the 
shallow Northwest European Condroz shelf (Franke et al., 1975, 
p. 316). The Velbert Formation at the northeastern nose and
further towards the southern flank of the anticline graded into 
the hemipelagic “Cypridina shale facies” of the Rhenohercynian 
Culm basin, which include a few nodular limestone intercalations. 
These limestone beds are fully developed further southeastward 
in the adjoining narrow Herzkamp syncline (Paeckelmann, 1922; 
see reviews in Amler & Herbig, 2006, Clausen & Korn, 2008). 
The southwestern prolongation of the Condroz Shelf is observed 
in subcrop of the Niederrhein Embayment (Ribbert, 1998) and 

across the Ardennes (Aachen region/westernmost Germany, 
Belgium) into the Avesnois (northern France) and finally into 
the Pilton beds of southwest England (Paul, 1937; Conil, 1964; 
Mamet et al., 1965, 1970; see Amler, 1995 for review). Towards 
the northeast and east relicts are known from deep wells from the 
Rügen Island (Hoffmann et al., 1975; see review in Zagora, 2008) 
and Pomerania (northern Poland, Matyja, 1988, 1993).

The latest Famennian “Strunian transgression” (TR-Zyklus IIf; 
Johnson et al., 1985, 1986) caused the diachronous onset of cyclic, 
mixed siliciclastic carbonate succession all along the Condroz 
shelf. The term “Strunian” is used as a chronostratigraphical unit 
for that uppermost Famennian time slice in Belgium and in many 
other parts of the world in time-equivalent shallow-water deposits 
(Streel et al., 2006). However, in spite of a proposal, that its base 
should coincide with the base of the Late expansa Conodont 
Zone and its top with the Devonian-Carboniferous boundary, it 
is not a formally accepted chronostratigraphic unit (Streel et al., 
2006). In the historical type area in the Avesnois (N France) and 
in southern Belgium, the calcareous Etroeungt Formation is the 
lithostratigraphic equivalent and, therefore, in older literature 
also addressed as “Etroeungt” time interval. However, due to the 
diachronous onset of carbonate sedimentation, the “Strunian” 
base is in the upper part of the underlying, predominantly sandy 
Evieux Formation further northeast (Bultynck & Dejonghe, 2001: 
fig. 7, see also Amler & Herbig, 2006). In the Velbert Anticline, 
first Kayser (1882) noted the equivalence of beds, now placed into 
to the Velbert Formation, with the “Etroeungt” of the Avesnois, a 
fact which was stressed by Paul (1937) and extended to include 
the Pilton beds from Southwest England. Later, Paul (1939) 
made the most thorough contribution to the upper Famennian 
of the Velbert anticline. In ascending order, he discerned Velbert 
beds, Angertal beds, and Etroeungt beds s.s. However, already 
Conil & Paproth (1968, p. 57) and Paproth et al. (1983, p. 213) 
discarded the usage of Angertal beds and Etroeungt beds as 
regionally usable lithostratigraphic units because of their very 
local recognition in parts of the northwestern flank of the Velbert 
Anticline and general rapid facies variations. Therefore, all units 
were placed in the Velbert Formation. This was also adapted after 
renewed mapping in the review of Amler et al. (1994), and finally 
in the most recent compilation of the Uppermost Famennian and 
Mississippian of the Velbert anticline by Amler & Herbig (2006). 

The studied bryozoans, at first observed by chance with a 
hand-lens, were collected during field work in July 2013 from 
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Figure 3. The uppermost Famennian (“Strunian”) part of the 
Velbert Formation at Ratingen-Cromford based on Paeckelmann and 
Schindewolf in Paul (1939), amendments in Conil & Paproth (1968), 
and biostratigraphic data discussed in the text. Bryozoan-bearing bed 10 
and smaller transgressive cycles with diminishing siliciclastic influx and 
increasing carbonate content indicated. 1 – Siltstone, in part calcareous 
to marly; 2 – sandy siltstone, in part calcareous and/or with carbonate 
nodules; 3 – fine-grained, mica-bearing sandstone; 4 – flasered and 
nodular limestone; 5 – limestone, indifferent / crinoidal limestone.

bed 10 of the classical section Ratingen-Cromford (Fig. 2) at the 
northern margin of the town of Ratingen (topographic map 1 : 25 
000, sheet 4607 Heiligenhaus/Kettwig, N 51° 18’ 25.44”, E 6° 
51’ 35.4”). The bryozoan-bearing bed is located at the paved 
driveway which runs parallel along the northern side of the 
railway track, some ten meters west of a small quarried slope side 
exposing beds 2–8 (Fig. 3). No further bryozoans were observed 
during field work in these beds, which remained unsampled. It has 
to be mentioned, however, that also some bryozoans described 
by Nekhoroshev (1932) had been derived from that stratigraphic 
interval (beds 2-14: “Fenestella cf. longa”, “Acanthoclema? 
cavernosa”, “Monotrypella? cromfordensis” – the latter herein 
assigned to the new genus Ratingella). The section was most 
thoroughly measured by Paeckelmann and Schindewolf in 
1930. Their unpublished records including extended fossil lists 
and the still used bed numbers were the base of the description 
by Paul (1939, p. 652-658). Later descriptions of the Strunian 
part of the section are from Conil (1964), who mentioned 
stromatoporoids and rugose corals from beds 4-8, and Conil 
& Paproth (1968). The latter mentioned in the four lowermost 
mixed siliciclastic carbonate cycles (beds 2–14b, but note that 
we recognized only three cycles – see Fig. 3) the stratigraphically 
diagnostic foraminifers Quasiendothyra communis communis 
(Rauzer-Chernoussova), Qu. communis regularis Lipina and 
rare “Quasiendothyra with fibrous wall layer”, i.e. the first 
representatives of the Quasiendothyra kobeitusana group. The 
first Qu. kobeitusana kobeitusana (Rauzer-Chernoussova) was 
recorded in bed 16. Paproth & Streel (1970) recorded a palynoflora 
from bed 3, which was dated as questionable “Pli subzone” of 
the pusillites–lepidophytus (PL) Florizone. From bed 19 they 
listed an assemblage from the Pls1 Subzone of the PL Florizone. 
Today, both assemblages belong to the Retispora lepidophyta–
Knoxisporites literatus (LL) Biozone according to the revised 
Famennian miospore zonation of Maziane et al. (1999), which 
also includes the underlying lepidophyta–verrucosa (LV) 
Biozone established in Paproth et al. (1983). The stratigraphic 
summary of the known foraminifers and spores from the interval 
embracing the bryozoan-bearing bed 10 indicates its position 
close to the base of the Strunian stage (Fig. 3) within the Middle 
or Late expansa Conodont Zone (Maziane et al., 1999, fig. 5; see 
also Higgs et al., 2013). In lithostratigraphic terms, the discussed 
part of the section at Ratingen-Cromford has to be correlated with 
the basal Comblain-au-Pont Formation from eastern Belgium (= 
Etroeungt Formation according to Amler & Herbig 2006). 

A later compilation of the section including a complete 
fossil list was given in Paproth & Streel (1982) and somewhat 
supplemented and modified in Amler et al. (1994), who figured 
some productellids from the brachiopod-rich bed 13 (see Paul, 
1939, p. 654). Surprisingly, the bryozoan-bearing bed 10, a 
4 m thick unit consisting of thick-bedded, dark bluish-grey, in 
part nodular to flasered limestones with shale interbeds, was 
characterized by those authors to be almost devoid of fossils except 
for crinoid ossicles. The bryozoan faunula has been derived from 
strongly sandy, micritic crinoid-bryozoan packstone; all bioclasts 
are fragmented. The microfacies represents the reworked debris 
of crinoid-bryozoan meadows flourishing between storm wave 
base and fair weather base. It is correlated with Facies I of Herbig 
& Mamet (2006). 

From the collected material 10 thin sections were prepared. 
The bryozoan fauna was studied with a transmitted light binocular 
microscope. Studied material is housed at the Senckenberg 
Museum (Frankfurt am Main, Germany), numbers SMF23.099- 
SMF23.109.

3. Systematic palaeontology

Phylum Bryozoa Ehrenberg, 1831
Class Stenolaemata Borg, 1926
Order Trepostomata Ulrich, 1882
Suborder Amplexoporina Astrova, 1965
Family Atactotoechidae Duncan, 1939
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Genus Ratingella gen. n.

Etymology. The genus name refers to the type locality Ratingen, 
western Germany.

Type species. Monotrypella (?) cromfordensis Nekhoroshev, 
1932, designated in the present publication. Ratingen, Germany; 
upper Famennian, Upper Devonian.

Diagnosis. Encrusting colonies; autozooecia prismatic, growing 
from thick epitheca; basal diaphragms common to rare, 
thick, originating in wall cortex; exilazooecia few to absent; 
acanthostyles absent; autozooecial walls laminated, integrated 
with distinct zooecial boundaries in endozone; merged, with 
distinct reversal U-shaped lamination without distinct zooecial 
boundaries in exozone, containing laminated cortex; maculae 
consisting of macrozooecia present.

Comparison. Ratingella gen. n. differs from Leptotrypa Ulrich, 
1883 in absence of acanthostyles. It differs from Anomalotoechus 
Duncan, 1939 in absence of acanthostyles and development of 
thin encrusting colonies instead of massive and branched ones in 
the latter genus. 

Occurrence. The new genus Ratingella contains four species: R. 
cromfordensis (Nekhoroshev, 1932) from the Upper Devonian 
(Famennian) of Germany, R. tubulosa (Nekhoroshev, 1977) 
from the Upper Devonian (Famennian) of Kazakhstan, R. 
texta (Troizkaya, 1963) from the Upper Devonian (Frasnian-
Famennian) of Kazakhstan, and R. cavernosa (Fritz, 1944) from 
the Upper Devonian (Famennian) of New Mexico, USA.

Ratingella cromfordensis (Nekhoroshev, 1932) (Pl. 1 A–F; Table 1)

1932 Monotrypella (?) cromfordensis Nekhoroshev: 65-66, pl. 4, 
figs 4, 4a-c.

Material. SMF23.101-SMF23.102.

Description. Encrusting colony, 0.67-0.97 mm in thickness. 
Autozooecia growing from 0.02-0.04 mm thick epitheca, 
bending sharply in exozone. Autozooecial apertures polygonal. 
Autozooecial diaphragms thick, usually 1-3 in each autozooecium 
present, originating in wall cortex. Exilazooecia and acanthostyles 
absent. Autozooecial walls laminated, with distinct zooecial 
boundaries, 0.02-0.04 mm thick in endozones; thickened, 
showing distinct reversal U-shaped lamination without distinct 
zooecial boundaries, containing laminated cortex, 0.04-0.10 mm 
thick in exozones. Maculae distinct, consisting of macrozooecia, 
1.2-1.4 mm in diameter.

Comparison. Ratingella cromfordensis (Nekhoroshev, 1932) 
differs from R. tubulosa (Nekhoroshev, 1977) from the Famennian 
of Kazakhstan, in larger autozooecial apertures (0.20-0.29 mm 
vs. 0.17-0.25 mm in R. tubulosa), and in larger macrozooecia 
(0.29-0.41 mm vs. 0.26-0.30 mm in R. tubulosa). Ratingella 
cromfordensis differs from R. texta (Troizkaya, 1963) from the 
Upper Devonian (Frasnian-Famennian) of Kazakhstan in presence 
of macrozooecia. Furthermore, Ratingella cromfordensis shows 
also wider range of aperture width in non-macular area than 
the latter species (0.20-0.29 mm vs. 0.26-0.29 mm in R. texta). 
No measurements are available in the original description of 
the species Ratingella cavernosa (Fritz, 1944) from the Upper 

Devonian (Famennian) of New Mexico, USA. This species seems 
to lack macrozooecia and to possess larger autozooecial apertures 
than R. cromfordensis. Measurements of the aperture width from 
the figure 6 of the plate 12 (Fritz, 1944) resulted in values of 0.27-
0.33 mm for Ratingella cavernosa, whereas aperture width in R. 
cromfordensis ranges within 0.20-0.29 mm.

Occurrence. Ratingen-Cromford, Germany; bed 10 at the profile 
Ratingen-Cromford, uppermost Velbert Formation (“Strunian”, 
uppermost Famennian, Upper Devonian).

Family Crustoporidae Dunaeva & Morozova, 1967

Genus Crustopora Dunaeva, 1964

Type species. Crustopora tuberculata Dunaeva, 1964, by original 
designation. Lower Carboniferous (Namurian); Ukraine.

Diagnosis. Encrusting and branched colonies; autozooecial 
apertures rounded-polygonal; autozooecial diaphragms thin; 
exilazooecia abundant, small, often gathered in clusters, 
possessing thin diaphragms; acanthostyles small, common to 
abundant; maculae consisting of macrozooecia present.

Comparison. Crustopora Dunaeva, 1964 differs from Hinaclema 
Sakagami & Sugimura, 1987 in having small acanthostyles. 
Toulopora Nakrem et al., 2009 differs in having acanthostyles 
of two sizes: sparsely distributed large ones, and a row of 
regularly distributed small ones inflecting each zooecial aperture. 
Crustopora differs from Tabuliporella Nikiforova, 1933 in 
lacking hemiphragms.

Occurrence. Several species are known from the Middle 
Devonian (Givetian) to the Lower Carboniferous (Serpukhovian) 
of Kazakhstan, Siberia, Altai and Ukraine. The species described 
as Crustopora dubia Nekhoroshev, 1977 from the Lower 
Devonian (Emsian) of Kazakhstan has no acanthostyles and is 
excluded from this genus. 

Crustopora fistulosa sp. n. (Pl. 2 A–I; Table 2)

Etymology. The species name refers to the presence of abundant 
small exilazooecia (derived from Latin “fistulosa” = porous, 
cavernous). 

Holotype. SMF23.106.

Paratypes. SMF23.099, SMF23.103-SMF23.105, SMF23.107-
SMF23.109.

Locus typicus. Ratingen-Cromford, Germany.

Stratum typicum. Bed 10 of the Ratingen-Cromford 
section, uppermost Velbert Formation (“Strunian”, uppermost 
Famennian, Upper Devonian).

Diagnosis. Branched colonies with sharply separated exozones; 
autozooecial apertures polygonal; autozooecial diaphragms 
thick, common in the transition between endozone and exozone, 
originating from wall cortex; exilazooecia abundant, small, 
usually separating autozooecial apertures, locally forming 
clusters, containing thin diaphragms; acanthostyles small, 
common; autozooecial walls laminated, merged without visible 

Table 1. Descriptive statistics for Ratingella cromfordensis (Nekhoroshev, 1932). Abbreviations: N = number of measurements, X = mean, SD = 
sample standard deviation, CV = coefficient of variation, MIN = minimal value, MAX = maximal value.
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Table 2. Descriptive statistics for Crustopora fistulosa sp. n. Abbreviations as for Table 1.

zooecial boundaries, containing indistinct laminated cortex; 
maculae consisting of macrozooecia and clusters of exilazooecia. 

Description. Branched colonies. Branches 1.43-2.10 mm in 
diameter, with 0.23-0.59 mm wide endozones and 0.78-1.20 mm 
wide exozones. Exozones distinctly separated from endozones. 
Autozooecia growing for a long distance in endozone, diverging 
at angles of 17-21° (20.2° at average) in the outer endozone and 
abruptly bending at angles of 73-87° (82° at average) in exozone, 
having polygonal transverse section in endozone. Autozooecial 
apertures rounded-polygonal. Autozooecial diaphragms common, 
thick, deflected proximally, concentrated in the transition 
between endozone and exozone, originating from the wall 
cortex. Exilazooecia originating at the base of exozone, small, 
abundant, 6-11 surrounding each autozooecial aperture, forming 
clusters between apertures, generally separating them in 1-2 
rows, locally not completely separating autozooecia, containing 
up to 5 thin diaphragms. Acanthostyles small, common, having 
distinct hyaline cores and laminated sheaths, distributed evenly 
on the colony surface. Autozooecial walls granular, 0.005-
0.010 mm thick in endozone; finely laminated, merged without 
visible zooecial boundaries, containing indistinct laminated 
cortex, 0.035-0.055 mm thick in exozone. Maculae consisting 
of macrozooecia and clusters of exilazooecia, 0.94-1.17 mm in 
diameter.

Comparison. Crustopora fistulosa sp. n. differs from C. 
tuberculata Dunaeva, 1964 from the Serpukhovian of Ukraine 
in smaller apertures (0.09-0.20 mm vs. 0.16-0.25 mm in C. 
tuberculata). Crustopora fistulosa differs from C. lubrica (Trizna, 
1958) from the Tournaisian of Kuznets Basin in smaller apertures 
(0.09-0.20 mm vs. 0.16-0.20 mm in C. lubrica).

Order Cryptostomata Vine, 1884
Suborder Rhabdomesina Astrova & Morozova, 1956
Family Nikiforovellidae Gorjunova, 1975

Genus Nikiforovella Nekhoroshev, 1948

Type species. Nikiforovella alternata Nekhoroshev, 1948, by 
original designation. Lower Carboniferous; Altai, Russia. 

Diagnosis. Branched colonies. Autozooecia diverging at low 
angles from distinct median axis. Hemisepta absent, diaphragms 
rare. Autozooecial walls laminated, with dark zooecial boundaries. 
Metazooecia few between longitudinally successive autozooecial 
apertures; acanthostyles common to abundant. Longitudinal 
ridges absent.

Comparison. Nikiforovella Nekhoroshev, 1948 is similar to 
Streblotrypella Nikiforova, 1948, but differs from it mainly in 
shape of autozooecia, which bend at higher angles in exozone, 
and absence of longitudinal ridges. Moreover, styles can be 
absent in Streblotrypella.

Occurrence. Devonian to Permian; worldwide.

Nikiforovella sp. (Pl. 3 A-E; Table 3) 

Material. Single specimen SMF23.100.

Description. Branched colony exposing an incomplete 
longitudinal section with 0.58 mm wide exozone. Autozooecia 
growing in spiral pattern from the median axis, abruptly bending 
in exozone. Autozooecial apertures oval to circular, arranged 
in regular diagonal rows. Autozooecial diaphragms absent. 
Metazooecia originating at the base of exozone, 1-2 arranged in 
clusters between longitudinally successive autozooecial apertures. 
Acanthostyles large, 1-3 arranged between longitudinally 
successive autozooecial apertures, having distinct hyaline cores 
and laminated sheaths. Autozooecial walls granular, 0.010-0.015 
mm thick in endozone; finely laminated, without visible zooecial 
boundaries, 0.023-0.055 mm thick in exozone.

Comparison. Nikiforovella sp. differs from N. amazarica 
Nekhoroshev, 1960 from the Famennian of the Amur region of 
Russia in having larger apertures (aperture width 0.12-0.17 mm 
vs. 0.07-0.08 mm in N. amazarica). Nikiforovella sp. is similar to 
N. kasakhstanica Nekhoroshev, 1948 from the upper Tournaisian 
(Mississippian) of central Kazakhstan, but differs from it in having 
1-2 metazooecia instead of 6 metazooecia between autozooecial 
apertures the latter species.

Table 3. Descriptive statistics for Nikiforovella sp. Abbreviations as for Table 1.
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Occurrence. Ratingen-Cromford, Germany; bed 10 of the 
Ratingen-Cromford section, uppermost Velbert Formation 
(“Strunian”, uppermost Famennian, Upper Devonian).

4. Discussion and conclusions

4.1. Diversity and facies relations of the bryozoans from the 
upper Velbert Formation

We rely on data assembled by Ernst & Herbig (2010), 
Tolokonnikova et al. (2014) and herein. Classical data from 
Nekhoroshev (1932) and faunal lists from Michels (1986) are 
omitted due to taxonomic uncertainties (see also compilation 
in Weber & Wyse Jackson, 2006). Altogether 16 taxonomically 
modern treated bryozoan taxa are known from the uppermost 
Velbert Formation along the northwestern flank of the Velbert 
anticline, two of them with certain restrictions in specific 
affiliation (‘cf.’), five others in open nomenclature (Table 4). All 
have been derived from different horizons of the Strunian. This 
means that at present the Velbert Anticline is the most important 
Strunian bryozoan locality in Europe. In general, bryozoans 
are common and contribute up to 10 % of the total invertebrate 
fauna (Michels, 1986, from fine-grained, in part calcareous 
siliciclastics at the northern tip of the anticline near Velbert), but 
in most cases the zooecia are too strongly fragmented for precise 
determinations.

Strong differences are observed between the fauna from 
the southwestern segment of the Velbert Anticline between 
Ratingen-Cromford and Klein Steinkothen, described by Ernst 
& Herbig (2010) and herein, and from the Velbert-4 well, 
located northeast of Velbert at the northern tip of the syncline 
(Fig. 1). Only two genera (Dyscritella, Nikiforovella) and not a 
single common species co-occur. The diversity, also on order/
suborder level, is higher in the north, with a clear dominance of 
rhabdomesines, as already noted by Michels (1986: predominance 
of “Rhabdomeson”). In the north, encrusting and submassive 
growing taxa contribute about 35 % to the fauna, although they 
are rare in absolute numbers. Branched and pinnate growth forms 
predominate and are common. In the southwestern segment, 
encrusting taxa (on generic level, without separating Nikiforovella 
gracilis Ernst & Herbig, 2010 and Nikiforovella sp.) make up 60 
% of the total fauna. They might be somewhat more common 
in absolute numbers than in the north, but still branched taxa, 
especially Crustopora fistulosa sp. n. are frequent. 

The observed differences are due to a southwest-northeast 
facies gradient along the northwestern flank of the Velbert Anticline. 
They corroborate the observations of all earlier authors (e.g. Paul, 
1939; Böger, 1962; Conil & Paproth, 1968) and, especially, the 
facies model of Herbig & Mamet (2006). This model points to 

a southeast dipping carbonate ramp consisting of a high-energy 
clear-water ramp segment in the southwest extending from the 
westernmost outcrops in Ratingen-Cromford to the western edge 
of Heiligenhaus. It is characterized by packstone and grainstone 
dominated by Girvanella–Paracelligelloides–Quasiendothyra. 
This segment of the ramp, inhabited by the bryozoans, is 
described in Ernst & Herbig (2010) and herein. Obviously, higher 
turbulence and availability of bioclasts favoured the growth of 
encrusting taxa. Branching, erect growing taxa obviously were a 
component of bryozoan-crinoid meadows flourishing below fair-
weather wave base (cf. Herbig & Mamet, 2006). 

Towards the northeast, an intermediate “Menselina ramp” 
followed, which was replaced by a muddy ramp consisting 
of packstone and wackestone, characterized by Issinella–
Palaeoberesella–tournayellids. These segments are seen in 
the surroundings of Heiligenhaus. From both segments, no 
determinable bryozoans are recorded up to now.

Finally, Herbig et al. (2013, 2014) recognized further 
transition into an extremely muddy ramp at the northern tip of 
the anticline (Velbert-4 core). It is composed predominantly of 
marly bioclastic mudstone and wackestone, and inhabitated 
by a filter feeding community (crinoid–bryozoan-brachiopod 
association) without calcareous algae and foraminifera. This 
segment was termed marl ramp in Tolokonnikova et al. (2014) 
and yielded the diverse bryozoans described therein. The fauna 
inhabited low-energetic environments, with relative high influx 
of fine-grained silicilastics. The organisms were rooted in the soft 
bottom, growing erect and branched, in part as gracile pinnate 
colonies (Penniretеpora cf. volgensis Shishova, 1959). Few 
encrusting forms probably used brachiopods and crinoids as 
suitable substrates and might be transported into the depositional 
realm by tempestites (Herbig et al., 2014). 

Outcropping Strunian deposits in that region, i.e. in the 
surroundings of Velbert, are predominantly silty to fine-grained 
sandy, in part with shale and carbonate content (see sections in 
Michels, 1986). The reduced carbonate content in contrast to 
the Velbert-4 core is most probably due to the weathering of the 
carbonate content.

4.2. Palaeobiogeographic relations

The new genus Ratingella gen. n. is restricted to the Upper 
Devonian (Frasnian-Famennian), with four species recorded till 
now. One species Ratingella cromfordensis (Nekhoroshev, 1932) 
is known from the Famennian of Germany. R. cavernosa (Fritz, 
1944) is known from the Famennian of New Mexico, USA. Two 
species are known from Kazakhstan: Ratingella texta (Troizkaya, 
1963) (Frasnian-Famennian), and R. tubulosa (Nekhoroshev, 
1977) (Famennian).

Table 4. Taxonomic
composition and growth types 
of uppermost Famennian 
(“Strunian”) bryozoans 
from the northwestern flank 
of the Velbert Anticline 
demonstrating the differences 
between clear-water ramp 
segment (left column) and marl 
ramp segment (right column). 
[*] – single specimen; [**] – 
rare to moderately common; 
[***] – common.
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The genus Crustopora Dunaeva, 1964 is known with several 
species from the Devonian and Carboniferous of Eurasia. The 
earliest recorded species C. dubia Nekhoroshev, 1977, which 
was described from the Lower Devonian of Kazakhstan, may not 
belong to this genus. This species develops encrusting colonies 
and has no acanthostyles. In fact, its morphology is similar to 
that of the genus Mongoloclema Shishova, 1970 (Lower-Middle 
Devonian of Eurasia). The latter genus produces dendroid 
colonies, however. The earliest confirmed Crustopora species 
is C. aliena Tolokonnikova, 2010 from the Middle Devonian 
(Givetian) of Gornyi Altai, Russia. Other Crustopora species, 
which were reported, are: Crustopora fallacis Nekhoroshev, 1977 
from the Upper Devonian (Frasnian) of Kazakhstan, C. lubrica 
(Trizna, 1958) from the Lower Carboniferous (Tournaisian) of 
the Kuznetz Basin, Russia, C. undulata Balakin, 1975 from the 
Lower Carboniferous (lower Viséan) of Uzbekistan, C. ramosa 
Dunaeva, 1964, C. tuberculata Dunaeva, 1964, and C. tubulosa 
Dunaeva, 1964, all from the Lower Carboniferous (Namurian) of 
the Donetz Basin, Ukraine.

The genus Nikiforovella Nekhoroshev, 1948 occurs 
predominantly in the Carboniferous, with few species surviving 
in the Lower Permian. The Devonian records of this genus are 
known exceptionally from the Famennian: N.? verellaformis 
Lu, 1999 (Xinjiang, China), N. nitida Troizkaya, 1979 (late 
Famennian, Kazakhstan), and N. amazarica Nekhoroshev, 1960 
(late Famennian, Amur region, Russia). This genus shows an 
unusual diversity at the Devonian-Carboniferous boundary and in 
the lower Mississippian. The uppermost Famennian (“Strunian”) 
part of the Velbert Formation contains at least three species of 
this genus: Nikiforovella sp. described in the present paper, N. 
cavernosa (Nekhoroshev, 1932) known from the interval of beds 
2-14 in the Ratingen-Cromford section and from the Velbert-4 
research well (Tolokonnikova et al., 2014), and, finally, N. gracilis 
Ernst & Herbig, 2010, described from localities near Ratingen. 
Unstudied material from the Belgian part of the basin contains 
abundant and diverse representatives of the genus Nikiforovella. 
This genus has been recently reported from the Viséan of SW 
Spain (Ernst & Rodríguez, 2013).

In spite of the strongly biased knowledge of Famennian 
bryozoans, the general relations of Late Devonian and Early 
Carboniferous (Mississippian) genera discussed herein suggest 
faunal migrations between Western Europe, Kazakhstan, Far 
East of Russia, and China along shelves and platforms of the 
Palaeotethys, and thus, a common Palaeotethyan bryozoan realm, 
though internally differentiated as shown by Tolokonnikova 
& Ernst (2010). As for the late Famennian (“Strunian”) this is 
especially confirmed by the widespread genus Nikiforovella. 
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Plate 1. A-F: Ratingella cromfordensis (Nekhoroshev, 1932). A-B: tangential section, SMF23.101. C-D: tangential section (arrows – 
macrozooecia), SMF23.102. E-F: longitudinal section, SMF23.101.
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Plate 2. A-I: Crustopora fistulosa sp. n. A-B: longitudinal section, paratype SMF23.104. C: branch transverse section, holotype SMF23.106. D-
G: tangential section (F: arrows – acanthostyles), holotype SMF23.106. H: longitudinal section showing diaphragms in autozooecia and exilazooecia 
(arrow – diaphragm in exilazooecium), holotype SMF23.106. I: branch transverse section showing wall microstructure with cortex, holotype  
SMF23.106. 
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Plate 3. A-E: Nikiforovella sp., SMF23.100. A-C: tangential section showing autozooecial apertures, metazooecia and acanthostyles. D-E: longitudinal 
section. 




