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Abstract

Bryozoan material from the Ferques Formation (Upper Devonian, Frasnian), Boulonnais, France contains two cystoporates
Cystiramus cf. kondomensis Morozova, 1959 and Canutrypa francgana Bassler, 1952, a new trepostome species Dyoido-
phragma bigeyae n. sp., as well as two fenestrates Hemitrypa sp. and Anastomopora inflata (Bigey, 1988b). The diagnosis
of the genus Dyoidophragma Duncan, 1939 is revised. The species composition reveals palaeobiogeographic relations to
the Middle and Upper Devonian of Belgium, Germany and Poland, as well as possible relation to the Upper Devonian of

Kuznetsk Basin in Russia.
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Introduction

During the Palaeozoic Era bryozoans were involved in dif-
ferent ecosystems contributing significantly to the global
biodiversity (e.g. Taylor and Larwood 1990; Taylor and
Allison, 1998; Horowitz and Pachut 2000; Ernst 2020).
Because of their stable calcitic skeletons (e.g. Smith et al.
2006), bryozoans show remarkable preservation potential,
and their remnants are widely distributed in marine sedi-
ments worldwide.

Bryozoan faunas are diverse and abundant in Upper Devon-
ian deposits worldwide (e.g. Cuffey and McKinney 1979; Bigey
1988a; Horowitz and Pachut 1993; Ernst 2013). The Devonian
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Period is characterised by the global expansion of reefs (Copper
1989, 2002), induced due to a “greenhouse” interval with high
sea levels. During the Devonian, the organic life experienced a
series of variously scaled extinction events (e.g. Walliser 1996).
Bryozoans were heavily affected by the end-Givetian Taghanic
bioevent, but did not experienced heavy losses during the Frasne/
Famennian bioevent (also called the Kellwasser event), unlike
most marine groups (e.g. Bigey 1988a; Horowitz et al. 1996;
Morozova et al. 2002). In contrast, bryozoan faunas showed even
signs of recovery during the early Famennian (Ernst 2013).

In the European region, Frasnian bryozoan faunas are
known from France (Bigey 1979, 1980, 1988b, 1991), Bel-
gium (Desilly 1961), and Poland (Morozova et al. 2002,
2006). However, the record of bryozoans from this time
interval remains scarce and patchy. The present paper aims
to describe five bryozoan species from the Ferques Forma-
tion (Upper Devonian, Frasnian) of Ferques, deposited in the
collection of the Geowissenschaftliches Zentrum of the Uni-
versity of Gottingen, Germany. Taxonomy and morphologi-
cal characters of these bryozoans as well as biogeographical
implications are discussed.

Studied material and geological settings
Middle and Upper Devonian deposits of the Ferques

inlier area (Boulonnais, northern France; Fig. 1) show
an alternation of clastic sediments (Caffiers, Beaulieu,
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Fig. 1 Position of the La
Parisienne quarry at Ferques
(asterisk; simplified after Wal-
lace 1969)
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Hydrequent and Sainte Godeleine formations) and car-
bonate rocks which include bioherms and biostromes
(Blacourt and Ferques formations) (Robinson 1920;
Brice et al. 1979). These deposits were accumulated in
nearshore to open marine environments of the western
part of the Condroz Shelf, southwest of the London-
Brabant High (Brice 1988). Geology and palaeontology
of this region has been intensively studied (e.g. Wallace
1969; Brice 1988; Brice et al. 1981, 2002; Mistiaen et al.
2002, 2016), also including some work on bryozoans
(Bigey 1980, 1987, 1988b, 1991).

The Frasnian stage at Ferques is represented by the Beau-
lieu, Ferques, and Hydrequent formations (Fig. 2; Brice
2003). The lithology changes progressively from siliciclas-
tic-carbonate rocks of basal and middle Frasnian to shales
(in the low-energy environment) and the sandstones of the
Hydrequent Formation at the top of the stage. The overlying
Sainte-Godeleine Formation (lower Famennian) comprises
50-m thick fine-grained sandstones.

Methods

The studied material has been loaned at the Geowissen-
schaftliches Zentrum of the University of Gottingen, Ger-
many. These samples were labelled “Ferques-Formation,
Upper Devonian, Frasnian, Ferques, Boulonnais” (GZG.
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IN.0.010.518), and “Ferques-Kalk, Ferques-Formation,
Upper Devonian, Frasnian, quarry les Parisennes; south-
western part, Boulonnais” (GZG.IN.0.010.530, GZG.
IN.0.010.567, GZG.IN.0.010.568, GZG.IN.0.010.569, and
GZG.IN.0.010.571). The samples represented fragments of
grey fossil-rich, slightly argillaceous limestone.

From the studied samples 28 standard thin sections
were made (24x48 mm). Bryozoan morphology has
been studied using a binocular microscope. Morphologic
character terminology is partly adopted from Boardman
(1960), Anstey and Perry (1970) for trepostomes, from
Hageman (1991a, b) and Snyder (1991) for fenestrates.
The following morphologic characters were measured and
used for statistics in the studied material: Branch width,
branch thickness, exo- (endo-) zone width, axial ratio
(ratio of endozone width to the branch width), autozooecial
aperture width, aperture spacing, acanthostyle diameter,
exilazooecia width, wall thickness in exozone, hemiphragm
spacing, vesicle diameter (spacing), number of vesicles per
aperture, dissepiment width, fenestrule width (length),
distance between branch (dissepiment) centres, number of
apertures per fenestrule length, maximal chamber width.
For branched bryozoans, the Bryozoan Skeletal Index
(BSI) has been calculated, using the formula ((Exozone
Width x Exozonal Wall Width)/Aperture Width) x 100
(Wyse Jackson et al. 2020). The spacing of structures is
measured as a distance between their centres. Statistics
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Fig.2 Stratigraphy of the Frasnian and lower Famennian sediments at
Ferques (simplified after Brice 2003)

were summarised using arithmetic mean, sample standard
deviation, coefficient of variation, and minimum and
maximum values.

Systematic palaeontology

Phylum Bryozoa Ehrenberg, 1831

Class Stenolaemata Borg, 1926
Superorder Palaeostomata Ma et al. 2014
Order Cystoporata Astrova, 1964
Suborder Fistuliporina Astrova, 1964
Family Fistuliporidae Ulrich, 1882
Genus Cystiramus Morozova, 1959

Type species: Cystiramus kondomensis Morozova, 1959.
Upper Devonian (Frasnian); Kuznetsk Basin, Russia.

Diagnosis: Branched colonies; secondary overgrowths com-
mon. Autozooecia short in endozones, rounded-polygonal in
transverse section; isolated by vesicular skeleton in exozones.
Autozooecial apertures rounded to oval, usually arranged in
regularly alternating longitudinal rows; maculae absent or
poorly developed. Autozooecial diaphragms present in exo-
zones. Lunaria in exozones, consisting of granular material,
usually poorly developed. Vesicles in exozones, subquadrate
blisters thickened to stereom through most of exozone. Auto-
zooecial walls thin, granular in endozones; rapidly thickened
in inner exozones (diagnosis modified after Utgaard 1983).
Remarks: Cystiramus Morozova, 1959 differs from the
similar genus Fistuliramus Astrova, 1960 in the absence
of vesicular skeleton in endozones and maculae as well as
in poorly developed lunaria. Autozooecia in Fistuliramus
are long and subcircular in transverse section of endozones,
whereas autozooecia in Cystiramus are short in endozones
and rounded-polygonal in transverse section. Cystiramus is
similar to Fistulophragmoides Gorjunova in Gorjunova and
Weis, 2003 in having short autozooecia, but Fistulophrag-
moides differs from Cystiramus in having large irregular
vesicles in endozones.

Occurrence: Devonian — Mississippian (Carboniferous);
Europe, Russia (Altai), China.

Cystiramus cf. kondomensis Morozova, 1959
(Figs. 3a—h and Table 1)

1959 Cystiramus kondomensis Morozova, p. 80-81,
text-fig. 1.

1961 Cystiramus kondomensis Morozova, 1959 — Morozova,
p. 4647, pl. 2, fig. 4, pl. 5, fig. 1.

Material: Single colony, four thin sections GZG.
IN.0.010.518a—d.

Description: Branched colony with oval shape of transverse
section, consisting of successive layers. Short diameter 3.75
mm, long diameter 5.60 mm, exozone 0.50-0.63 mm wide.
Autozooecia long in endozones, having polygonal shape
in transverse section. Autozooecial apertures oval; lunaria
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<« Fig. 3 a-h Cystiramus cf. kondomensis Morozova, 1959. a longitudi-
nal section of the colony, GZG.IN.0.010.518d. b longitudinal section
of the endozone, GZG.IN.0.010.518d. c—d longitudinal section of the
exozone, GZG.IN.0.010.518d. e-h tangential section showing auto-
zooecial apertures and vesicles, GZG.IN.0.010.518b. i Canutrypa
francqana Bassler, 1952, longitudinal section of the colony, with bor-
ings in the endozone, GZG.IN.0.010.568f. Scale bars: 5 mm (i), 2
mm (a), 1 mm (b, ¢), 0.5 mm (d, e, f), 0.2 mm (g, h)

obscure. Autozooecial diaphragms present in exozones. Vesi-
cles in exozones, subquadrate flattened blisters, polygonal
in deep tangential section, completely isolating autozooecia,
8-14 surrounding each autozooecial aperture. Autozooecial
walls granular, 0.003—0.005 mm thick in endozones; lami-
nated, showing indistinct zooecial boundaries, 0.09-0.14
mm thick in exozones. Maculae consisting of vesicles,
slightly elevated, 0.75-1.50 mm in diameter.

Remarks: The present material is most similar to C. kondo-
mensis Morozova, 1959 from the Upper Devonian (Frasnian)
of Kuznetsk Basin, Russia. Minor difference is observed in
the number and size of vesicles. Figures in Morozova (1961,
pl. 5, fig. 1) reveal 6-11 vesicles per autozooecial aperture,
whereas the present material possesses 8—14 vesicles per
aperture. Vesicle width in the present material is 0.05-0.14
mm vs. 0.10-0.13 mm given by Morozova (1961, p. 47).
Moreover, Morozova mentioned absence of maculae, which
are present in the sample from Ferques.

Cystiramus cf. kondomensis Morozova, 1959 differs from C.
multifarius Volkova, 1974 from the Upper Devonian (Frasnian)
of Altai, Russia, in having only one row of vesicles between
autozooecial apertures instead of 3—4 rows in the latter species.
Occurrence: Ferques Formation, Upper Devonian (Frasnian);
Ferques, Boulonnais, France.

Genus Canutrypa Bassler, 1952

Canutrypa Bassler 1952, p. 382; Desilly 1961, p. 2-3;
Utgaard 1983, p. 383; Bigey 1988b, p. 301-302; 1991, p.
27; Ernst 2008, p. 332; Ernst et al. 2012, p. 2-3.
Fistuliporid Bigey 1980, pl. 56, figs 1, 5; 1991, p. 27.
Fistulipora Yang 1954, p. 210; Yang and Lu 1962, p. 11-12.

Type species: Canutrypa francgana Bassler, 1952. Upper
Devonian, Frasnian; Ferques, France.

Diagnosis: Branched and encrusting colonies. Secondary
overgrowths common. Autozooecia long, tubular, curv-
ing gently to the colony surface, having circular to oval
apertures. Autozooecial diaphragms few to common, thin,
straight or inclined. Lunaria poorly defined. One or rarely
two hemicylindrical cystlike structures with axes perpen-
dicular to autozooecial axis in many autozooecia in exozone,
with a wall consisting of prismatic calcite crystals. Vesicles
wide at the base of exozone, becoming narrow at the colony

surface. Colony surface covered with a thick layer of granu-
lar skeleton (diagnosis modified after Utgaard 1983).
Remarks: Canutrypa Bassler, 1952 differs from other cys-
toporates in the presence of cystlike structures.

Occurrence: Two species of Canutrypa Bassler, 1952
were reported: Canutrypa francqana Bassler, 1952, from
the Middle Devonian (Eifelian—Givetian) of Germany and
Poland (Morozova et al. 2002); Upper Devonian (Frasnian)
of France (Bassler 1952; Bigey 1980, 1985, 1988b, 1991),
Belgium (Desilly 1961) and Poland (Morozova et al. 2002);
and C. hemispheroidea (Yang, 1954) from the Wutsun Shale,
Middle Devonian of Kwangsi, and Devonian of Qilianshan,
both China, from the Hajigak Formation (Upper Devonian,
Frasnian) of Hajigak, central Afghanistan, and Shishtu For-
mation (Upper Devonian, Frasnian) of Iran.

Canutrypa francqana Bassler, 1952
(Figs. 3i, 4a—d and Table 2)

1952 Canutrypa francqana Bassler, p. 382, figs 3—4.

1953 Canutrypa francqana Bassler, 1952 — Bassler, p. G
99, fig. 63 (3a-b).

1961 Canutrypa francqana Bassler, 1952 — Dessilly, p. 8-9,
pl. 1, figs 1-6, pl. 2, figs 1-5.

1980 Canutrypa francqana? Bassler, 1952 — Bigey, pl. 56, fig. 6.

1980 Fistuliporid — Bigey, pl. 56, figs 1, 5.

1983 Canutrypa francqana Bassler, 1952 — Utgaard, p. 383,
figs 175 (1a—e).

1985 Canutrypa francqgana Bassler, 1952 — Bigey, p. 27,
fig. 4H.

1988b Canutrypa francqana Bassler, 1952 — Bigey, p. 302,
pl. 37, figs 13-16.

1991 Canutrypa francqana Bassler, 1952 — Bigey, p. 27, pl.
1, figs 1-8.

2002 Canutrypa francqana Bassler, 1952 — Morozova et. al.,
p- 332-334, figs 3C-F.

2008 Canutrypa francqana Bassler, 1952 — Ernst, p. 309,
figs 12A-G, 13A-D.

Material: Single colony GZG.IN.0.010.568a—f.

Description: Ramose colony consisting of series of encrust-
ing sheets with secondary overgrowths; separate sheets,
0.4-1.1 mm thick. Epitheca 0.008—0.010 mm thick. Auto-
zooecia long, tubular, growing from a thin epitheca, curv-
ing gently to the colony surface, having circular to oval
apertures. Autozooecial diaphragms few to common, thin,
straight or inclined. Lunaria indistinct. Vesicles polygonal in
cross section, wide at the base of exozone, becoming narrow
at colony surface, sealed by granular skeleton at colony sur-
face, 9-12 surrounding each autozooecial aperture. Colony
surface covered with thick layer of granular skeleton. Macu-
lae flat, consisting of vesicular skeleton. One hemicylindrical
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Table 1 Summary of descriptive statistics for Cystiramus cf. kondomensis Morozova, 1959 (single colony measured). Abbreviations: N number
of measurements; X mean; SD sample standard deviation; CV coefficient of variation; MIN minimal value; MAX maximal value

N X SD (6% MIN MAX
autozooecial aperture width, mm 20 0.25 0.032 12.78 0.18 0.29
autozooecial aperture spacing, mm 20 0.37 0.042 11.46 0.30 0.45
vesicle width, mm 20 0.10 0.026 27.12 0.05 0.14
vesicles per aperture 16 10.2 2.007 19.70 8.0 14.0
vesicle spacing, mm 20 0.13 0.028 22.40 0.07 0.18

cystlike structure in many autozooecia in exozone, posi-
tioned directly on distal autozooecial walls. Cyst wall con-
sisting of prismatic calcite crystals, 0.010-0.015 mm thick.
Autozooecial walls granular, 0.003—0.005 mm thick in endo-
zones; laminated, showing indistinct zooecial boundaries,
0.025-0.035 mm thick in exozones.

Remarks: Canutrypa francqana Bassler, 1952 differs from
C. hemispheroidea (Yang, 1954) from the Wutsun Shale,
Middle Devonian of Kwangsi, China, in having smaller
autozooecial apertures (average aperture width 0.26 mm vs.
0.33 mm in C. hemispheroidea) and in having less abun-
dant vesicles (averagely 10.1 vesicles per aperture vs. 13.4
in C. hemispheroidea). Measurements for C. hemispheroidea
(Yang, 1954) are from Ernst et al. (2012).

Occurrence: Ferques Formation, Upper Devonian
(Frasnian); southwestern part of the quarry les Parisennes,
Boulonnais, France. Junkerberg Formation, Grauberg Sub-
formation, lowermost Latistriatus Member, Eifelian, Middle
Devonian; Railway cut west of Blankenheim, Blankenheim
syncline, Eifel (western Rhenish Massif; locality 1). Hon-
sel and Werdohl Formations (Givetian, Middle Devonian);
Liidenscheid, eastern Rhenish Massif. Uppermost Givetian
— lowermost Famennian, Middle to Upper Devonian; Poland.

Order Trepostomata Ulrich, 1882

Suborder Amplexoporidae Astrova, 1965
Family Stenoporidae Waagen and Wenzel, 1886
Genus Dyoidophragma Duncan, 1939

[= Pseudocampylus Troitzkaya, 1960]

1939 Dyoidophragma Duncan, p. 240.

1960 Dyoidophragma Duncan, 1939 — Boardman, p. 41.
1960 Pseudocampylus Troitzkaya, p. 258.

1968 Pseudocampylus Troitzkaya, 1960 — Troitzkaya, p. 112.
1997 Pseudocampylus Troitzkaya, 1960 — Xia, p. 107.

Type species: D. typicale Duncan, 1939, p. 241, Gravel Point
stage, Traverse group (M. Devonian), abandoned quarry,
about % mile west of Charlevoix city line, Michigan, USA.

Diagnosis (revised): Colonies encrusting or dendroid,
maculae indicated by macrozooecia, some with clusters
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of large styles (Fig. 5a), others with central cluster of
exilazooecia surrounded by macrozooecia. In endozones:
in encrusting colonies, budding interzooidal, endozones
restricted to recumbent buds, autozooecia rhombic in
arrangement. In dendroid colonies, endozones non-uni-
form, axial autozooecia large, irregularly polygonal in
cross section. Some large axial autozooecia split intra-
zooidaly into more than one peripheral autozooecium.
Peripheral autozooecia reduced in size, polygonal in cross
section, irregularly rhombic in pattern, no diaphragms,
wall thickening to exozone gradual. In exozones: autozoo-
ecial surface angles high in dendroid colonies. Autozoo-
ecial boundaries polygonal, broadly merged. Autozooecia
irregularly rhombic in arrangement on colony surfaces,
walls regular in thickness, no cingulum. Diaphragms in
autozooecia lacking to rare and thin, unilateral, some
secondary from ends of hemiphragms. Hemiphragms on
proximal walls only, generally evenly spaced in ontoge-
netic sequences, some hemiphragms irregularly spaced
(Fig. 5b). Exilazooecia rare to common, some with one or
two diaphragms widely and irregularly spaced. Between
maculae styles few and small in dendroid species, in
encrusting species common, centred or off-centred from
autozooecial boundaries.

Remarks: Pseudocampylus Troitzkaya, 1960, has a den-
droid type species comparable generically to encrusting
Dyoidophragma species. Some confusion arose when
Astrova (1978, p. 136) made Pseudocampylus a junior
subjective synonym of Tabuliporella Nikiforova, 1933,
and illustrated Tabuliporella with the type species of
Pseudocampylus (pl. 33, fig. 1). Tabuliporella differs
from both Pseudocampylus and Dyoidophragma by hav-
ing hemiphragms alternating in ontogenetic sequence from
both proximal and distal walls of autozooecia producing a
different shaped living chamber for polypides.
Occurrence: Middle Devonian (Givetian); USA (Michigan,
New York). Upper Devonian (Famennian); Kazakhstan,
China. Upper Devonian (Frasnian); France.

Dyoidophragma bigeyae n. sp.
(Figs. 4e—f, 6a—h and Table 3)
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1988b Rhombopora cf. hemiseptata Morozova, 1961
— Bigey, 314, pl. 39, fig. 6-9.

Etymology: The species is named in honour of Frangoise
P. Bigey, who contributed greatly to study of Devonian
bryozoans.

Holotype: GZG.IN.0.010.567e.

Paratypes: GZG.IN.0.010.530a—i, GZG.IN.0.010.567a—d,
f-i.

Type locality: Southwestern part of the quarry les Par-
isennes, Boulonnais, France.

Type horizon: Ferques Formation, Upper Devonian
(Frasnian).

Diagnosis: Branched colonies with distinct exozones;
encrusting overgrowths rare; autozooecia tubular-pris-
matic, with rounded-polygonal apertures; basal diaphragms
common to abundant, restricted to exozone; abundant
hemiphragms on proximal walls in exozones; autozooecial
walls granular in endozone; laminated, merged in exozones;
exilazooecia common to abundant; acanthostyles abundant;
maculae absent; macrozooecia present.

Description: Branched colonies, 1.0-1.9 mm in diameter,
with 0.2-0.6 mm wide exozones and 0.4-0.6 mm wide endo-
zones. Axial ratio is 0.33-0.53. BSI is 26.7. Exozones dis-
tinctly separated from endozones. Encrusting overgrowths
rare, 0.25-0.28 mm in thickness. Autozooecia tubular-pris-
matic, growing parallel to branch axes in endozone, bend-
ing abruptly in exozones. Autozooecial apertures rounded-
polygonal. Basal diaphragms thin, common to abundant,
some attached to the ends of hemiphragms (e.g. Fig. 4f),
restricted to exozone, straight or slightly curved distally.
Hemiphragms abundant in exozones, positioned on proxi-
mal wall, moderately thin, short to moderately long, straight
to weakly curved proximally. Autozooecial walls granular,
0.015-0.020 mm thick in endozone; laminated, merged,
0.03-0.10 mm thick in exozones. Exilazooecia common to
abundant, small, polygonal, originating in basal exozone.
Acanthostyles abundant, having distinct cores and laminated
sheaths, originating in basal exozone. Maculae absent. Mac-
rozooecia present, 0.13—0.17 mm in width.

Remarks: The species described by Bigey (1988b, p. 314)
as Rhombopora cf. hemiseptata Morozova, 1961 from the
Upper Devonian of France is herein assigned to the trepos-
tome genus Dyoidophragma and also represents a new
species. The species Rhombopora hemiseptata Morozova,
1961 was originally described from the Upper Devonian
(Frasnian) of Russia. It was later placed in the cryptos-
tome genus Bigeyella Morozova and Weiss in Morozova
et al., 2006 (Morozova et al. 2006, p. 536). This assign-
ment appears questionable because the type species
Bigeyella sparsa does not have real hemisepta (holotype
PIN 4873/119). In contrast, Rhombopora hemiseptata has
multiple hemiphragms positioned on the proximal walls of

autozooecia. Moreover, this species possesses spherules in
the autozooecial walls of exozone and rare acanthostyles.
The taxonomic position of Rhombopora hemiseptata
remains dubious. Superficially, it has similarities with the
trepostome genus Eifelipora Ernst, 2008. Study of the type
material of Rhombopora hemiseptata is needed.
Dyoidophragma bigeyae n. sp. differs from D. virgata
(Troitzkaya, 1960) from the Upper Devonian (Famennian)
of Kazakhstan in having thinner branches (branch diam-
eter 1.0-1.9 mm vs. 1.85-4.72 mm in D. virgata) as well
as in less abundant exilazooecia. Dyoidophragma bigeyae
n. sp. differs from D. tarbagataica (Troitzkaya, 1960) from
the Upper Devonian (Famennian) of Kazakhstan in having
smaller autozooecial apertures (aperture width 0.07-0.11
mm vs. 0.12-0.16 mm in D. tarbagataica).

Order Fenestrata Elias and Condra, 1957

Suborder Fenestellina Astrova and Morozova, 1956
Family Fenestellidae King, 1849

Genus Hemitrypa Phillips, 1841

Type species: Hemitrypa oculata Phillips, 1841. Devonian;
Barton, South Devon, England.

Diagnosis: Reticulate colonies, conical or fan-shaped, planar
or longitudinally pleated, frontal surface exterior if coni-
cal. Branches intermediate in width, linear to moderately
sinuous, closely or intermediately spaced, dichotomously
divided. Two rows of autozooecia per branch, increasing to
four rows proximal of branch bifurcations in some species;
low straight to sinuous central keel on obverse side of branch
with high nodes, composed of core of granular skeleton and
sheath of laminar skeleton. Laminar wall extensions of keel
nodes fused together forming a fine meshwork of polygo-
nal openings, each opening centred over a zooecial aperture
in the branch below. Axial wall between autozooecial rows
zigzag in tangential sections; zooecia not strongly inflated
laterally, commonly quadrangular or pentagonal in tangen-
tial section deep within endozone, less commonly elongate
triangular or semicircular, pentagonal to bean-shaped in
shallower endozone; maximum diameter of zooecia cor-
responds with either length or height; transverse walls at
intermediate or high angle to reverse wall; superior hemi-
septa absent or weakly developed, other interior structures
absent. Small- to large-diameter distal tube typically short,
opening frontally or slightly inclined laterally and perhaps
distally; apertural peristome present or absent; terminal dia-
phragms planar where present, with central boss in some
species. Heterozooecia are isolated zooecia with enlarged
endozonal chambers (?gynozooecia) present in proximal
parts of colonies, or spherically inflated distal tubes with
diameters greater than branch width (? brood chambers).
Zooecial walls of granular material that may be absent on
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«Fig. 4 a—d Canutrypa francqana Bassler, 1952, GZG.IN.0.010.568f.
a-b longitudinal section of the exozone showing autozooecia with
cyst-like structures and vesicles. c—d tangential section showing auto-
zooecial apertures and vesicles. e-f Dyoidophragma bigeyae n. sp.,
branch longitudinal section, holotype GZG.IN.0.010.567e. Scale bars:
1 mm (c, e), 0.5 mm (a), 0.2 mm (b, d, f)

obverse side near apertures; laminar extrazooecial skeleton
traversed by small to moderate microstyles (modified after
F. K. McKinney, pers. comm. 2007).

Remarks: Hemitrypa Phillips, 1841 is similar to Pseudouni-
trypa Nekhoroshev, 1926, but differs from it in the composi-
tion of the superstructure. The superstructure of Hemitrypa
is produced by laminar wall extensions of keel nodes forming
a meshwork of polygonal openings which are centred over
zooecial apertures in the branch below, whereas openings in
Pseudounitrypa are centred over the branches and terminate
laterally over the centres of the fenestrules where the super-
structural elements from adjacent branches meet and fuse.

Occurrence: Lower Devonian — Pennsylvanian (Carbonifer-
ous); worldwide.

Hemitrypa sp.
(Figs. 7a—i and Table 4)

Material: Single colony, tangential thin section GZG.
IN.0.010.569a.

Exterior description: Reticulate colonies with straight
branches joined by dissepiments. Autozooecia arranged in

two alternating rows on branches, having circular apertures
with low peristomes, 2—3 spaced per length of a fenestrule.
Peristomes smooth. Fenestrules oval to rectangular, varying
in size. Openings in the superstructure irregularly shaped,
rounded to petaloid, corresponding to positions of apertures,
0.13-0.18 mm in diameter. Internal granular skeleton con-
tinuous with obverse keel, nodes, peristome and across dis-
sepiments. Outer lamellar skeleton well developed. Reverse
colony surface containing large, irregularly sized nodes,
0.03-0.10 mm in diameter. Apparent gynozooecia produced
by two fused autozooecia at places of branch bifurcation
occurring, 0.21-0.28 mm in width (Fig. 7g—i). Mutual wall
of fused zooecial chambers in gynozooecia partly dissolved.
Interior description: Autozooecia pentagonal in mid tan-
gential section; low and elongated, with short vestibule in
longitudinal section. Axial wall between autozooecial rows
zigzag in tangential sections; aperture positioned at distal
end of chamber. Hemisepta absent.

Remarks: The present material is similar to Hemitrypa
bayanaulensis Troitzkaya, 1968 from the Upper Devon-
ian (Frasnian) of Kazakhstan. It differs in having longer
fenestrules (0.36-0.51 mm vs. 0.33-0.37 mm in H. bayanau-
lensis). The present species differs from Hemitrypa devonica
Nekhoroshev, 1926 from the Middle to Upper Devonian
(Givetian—Frasnian) of Kazakhstan and Russia (Altai) in hav-
ing longer fenestrules (0.36-0.51 mm vs. 0.37-0.42 mm in H.
devonica), wider dissepiments (0.22-0.35 mm vs. 0.12-0.18
mm in H. devonica) as well as in larger opening of the super-
structure (0.13-0.16 mm vs. 0.08-0.12 mm in H. devonica).

Fig.5 a Dyoidophragma typicale Duncan, 1939, tangential sec-
tion with enlarged styles and macrozooecia in maculum, holotype
Univ. Michigan 19854. b Dyoidophragma polymorphum Boardman,
1960, longitudinal section showing hemiphragms on proximal walls

of autozooecia, shorter exilazooecia with thin widely spaced dia-
phragms, paratype USNM 133860. Scale bars: 0.5 mm (a), 0.2 mm

(b)
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Table2 Summary of
descriptive statistics for

Canutrypa francqana Bassler,
1952 (single colony measured).
Abbreviations as for Table 1

N X SD CvV MIN MAX
autozooecial aperture width, mm 20 0.26 0.033 12.90 0.19 0.34
autozooecial aperture spacing, mm 20 0.36 0.030 8.28 0.30 0.42
vesicle width, mm 20 0.09 0.020 21.57 0.06 0.14
vesicles per aperture 10 10.1 1.197 11.85 9.0 12.0
vesicle spacing, mm 20 0.07 0.016 21.87 0.05 0.10

Occurrence: Ferques Formation, Upper Devonian
(Frasnian); southwestern part of the quarry les Parisennes,
Boulonnais, France.

Family Reteporininae Dunaeva and Morozova, 1975
Genus Anastomopora Simpson, 1897
[= Reteporidra Nickles and Bassler, 1900]

Type species: Fenestella cinctuta Hall, 1884. Middle Devon-
ian (Erian); Canada and USA.

Diagnosis: Fan-shaped colonies, some with heavy
extrazooidal calcification covering proximal portion of
colony; branches broad, strongly sinuous, bifurcating,
branch spacing and anastomoses at intermediate distance;
keels and superstructure absent; autozooecia arranged
in 2—8 rows on branches, large-end intermediate-sized,
elongate perpendicular to curved obverse surface, chambers
nearly circular oval in tangential section deep in endozone,
elongate oval in shallower endozone; transverse wall at high
angle to reverse wall; hemisepta and diaphragms absent;
elevated peristome present in well preserved specimens.
Tubes connecting the endozonal zooecial chambers with
the obverse surface present, few or abundant, varying in
size. Autozooecial walls of thick granular material may be
lined by laminar skeleton in both the distal tube and the
inflated chamber; reverse wall flat or minimally curved
transversely, longitudinal ridges on reverse side minimally
developed; extrazooidal skeleton finely laminated, traversed
by closely spaced small microstyles, a gently sloped median
keel commonly present on reverse surface, locally forming

cystose structures bridging fenestrules where broad expanse
of extrazooidal skeleton is deposited as continuous sheet
over multiple branches (modified after F. K. McKinney, pers.
comm. 2007).

Remarks: Anastomopora Simpson, 1897 differs from the simi-
lar genus Reteporina d'Orbigny, 1849 in having more than 2
rows of autozooecia on branches. Both genera possess exozonal
tubes, which number and size are variable in different species.
Occurrence: Lower — Upper Devonian; North America,
Europe, Asia.

Anastomopora inflata (Bigey, 1988b)
(Figs. 8a—f and Table 5)

1988b Reteporidra inflata Bigey — 312, pl. 39, figs. 3-5.

2007 Reteporidra inflata Bigey, 1988b — Ernst and
Schroeder, p. 224, figs. 10B-E.

2015 Anastomopora inflata (Bigey, 1988b) — Ernst,
Tolokonnikova, and Denayer, p. 14, pl. 5, figs. 4-8.

Material: GZG.IN.0.010.567i, GZG.IN.0.010.571a, GZG.
IN.0.010.530c, g, i.

Exterior description: Reticulate colonies of unknown
shape, composed of undulating, relatively wide branches
and joined by long and narrow dissepiments. Branches
oval to trapezoid in transverse section. Fenestrules
circular to oval. Autozooecia arranged in 3 to 4 rows,
after the bifurcation usually in 2 rows on the branches
on the branches. Autozooecial apertures circular with
high peristome, 3—4 spaced per length of a fenestrule.

Table3 Summary of
descriptive statistics for

Dyoidophragma bigeyae n.
sp. (ten colonies measured).
Abbreviations as for Table 1

N X SD CV MIN MAX
branch width, mm 10 1.3 0.379 29.42 1.0 1.9
exozone width, mm 10 0.4 0.157 41.27 0.2 0.6
endozone width, mm 10 0.5 0.077 14.67 0.4 0.6
axial ratio 10 0.43 0.072 16.87 0.33 0.53
autozooecial aperture width, mm 30 0.09 0.011 12.18 0.07 0.11
autozooecial aperture spacing, mm 30 0.18 0.024 13.31 0.14 0.23
acanthostyle diameter, mm 30 0.032 0.005 14.93 0.025 0.040
exilazooecia width, mm 30 0.035 0.014 39.01 0.015 0.075
hemiphragm spacing, mm 20 0.09 0.017 18.45 0.06 0.12
exozonal wall thickness, mm 20 0.06 0.021 38.71 0.03 0.10
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Fig.6 a-h Dyoidophragma bigeyae n. sp. a tangential section
showing autozooecial apertures, mesozooecia and acanthostyles,
holotype GZG.IN.0.010.567e. b—c tangential section, paratype
GZG.IN.0.010.530b. d branch transverse section, paratype GZG.
IN.0.010.567a. e-f branch transverse section showing autozooecia

Microstyles on the reverse surface common, irregularly and
densely spaced, originating from inner granular skeleton,
0.005-0.008 mm in diameter.

with hemiphragms and diaphragms, paratype GZG.IN.0.010.530i.
g-h longitudinal section of an encrusting colony on a brachiopod
spine with hemiphragms, paratype GZG.IN.0.010.530h. Scale bars: 1
mm (d, f), 0.5 mm (b, e, g), 0.2 mm (a, h), 0.1 mm (c)

Interior description: Autozooecial chambers relatively
short, deep, displaying rhombic to hexagonal shape and
pentagonal (semi-hexagonal) in mid tangential section;
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«Fig.7 a-i Hemitrypa sp., GZG.IN.0.010.569a. a thin section of a
colony fragment. b—c thin section showing reverse side of the colony
with nodes. d tangential section showing autozooecial apertures and
chambers. e mid-tangential section showing autozooecial chambers.
f tangential section showing protective structure. g-i mid-tangential
section showing apparent gynozooecia in the place of dichotomy
(arrows). Scale bars: 2 mm (a), 0.5 mm (b, ¢, d, f, g, h), 0.2 mm (e, i)

elongate parallel to branch length; aperture positioned at
distal to distoabaxial end of chamber; with moderately
long vestibule. Hemisepta absent. Tubes connecting endo-
zonal zooecial chambers with the obverse surface present,
5-7 spaced between adjacent apertures, 0.010-0.018 mm
in diameter. Heterozooecia are apparent brood chambers
represented by enlarged zooecia, rounded to oval in mid
tangential section, situated on branches near dissepiments,
0.17-0.20 mm wide. Inner granular skeleton variable in
thickness, usually well developed, continuous in nodes and
microstyles. Extrazooidal skeleton finely laminated, well
developed on reverse side.
Remarks: Anastomopora inflata (Bigey, 1988b) is similar
to A. stellata (Krasnopeeva, 1935) from the Upper Devon-
ian (Frasnian) of Altai. It differs in having larger fenestrules
(fenestrule width 0.19-0.34 mm vs. 0.23-0.29 mm in A. stel-
lata; fenestrule length 0.47-0.80 mm vs. 0.61-0.72 mm in A.
stellata). Moreover, the latter species possesses stellate aper-
tures which were not observed in A. inflata. Anastomopora
inflata (Bigey, 1988b) differs from A. cf. quebecensis Fritz,
1938 from the Upper Devonian (Frasnian) of Iran (Ernst et al.
2012) in having narrower branches (average branch width 0.42
vs. 0.67 mm in A. cf. quebecensis), smaller fenestrules (average
fenestrule width 0.27 mm vs. 0.52 mm in A. cf. guebecensis;
fenestrule length 0.63 mm vs. 0.80 mm in A. cf. quebecensis),
as well as in more autozooecial apertures per fenestrule length
(3—4 vs. 4-7 in A. cf. quebecensis).

Occurrence: Ferques Formation, Upper Devonian
(Frasnian); southwestern part of the quarry les Parisennes,
Boulonnais, France. Middle Devonian (Givetian); Germany.

Discussion

Bryozoans are still insufficiently known in the Palaeozoic sedi-
ments of Europe, despite the long duration of their research
history. The likely reason is their complex morphology and
preparation requirements, which necessarily demands prepa-
ration of thin sections (e.g. Ernst 2020). Bryozoans from the
Devonian of Ferques were sporadically studied, whereas the
most important work was undertaken by Francoise P. Bigey in
the last century (Bigey 1980, 1987, 1988b, 1991). In her main
publication on Ferques bryozoans 15 species were described
from Givetian and Frasnian sediments, of which 11 were new
(Bigey 1988b). The present study shows, however, that our
knowledge about bryozoans from the Ferques Formation is
still insufficient. Further research on this fauna is required.
In the present paper, bryozoan material from the Ferques
Formation (Upper Devonian, Frasnian) of the quarry les
Parisennes, deposited at the Geowissenschaftliches Zentrum
of the University of Gottingen, Germany, has been described.
It contained two cystoporates Cystiramus cf. kondomensis
Morozova, 1959 and Canutrypa francqana Bassler, 1952, a
new trepostome species Dyoidophragma bigeyae n. sp., as
well as two fenestrates Hemitrypa sp. and Anastomopora
inflata (Bigey, 1988b). The identified fauna shows close
palaeobiogeographic relations to the Middle to Upper
Devonian of the European region. The species Canutrypa
francqana Bassler, 1952 is well known from the Frasnian
sediments of Belgium (Desilly 1961), from the Eifelian to
Givetian of Germany (Ernst 2008), and from the uppermost
Givetian to the lowermost Famennian of Poland (Morozova
et al. 2002). The species Anastomopora inflata (Bigey, 1988b)
is also known from the Frasnian of Belgium (Ernst et al. 2015)
and from the Givetian of Germany (Ernst and Schroeder
2007). The species Cystiramus kondomensis Morozova,
1959 with which our material is compared was originally
established from the Frasnian of the Kuznetsk Basin in Russia.
The studied material contains abundant colonies of
the species which was assigned by Bigey (1988b) as

Table4 Summary of
descriptive statistics for

N X SD (6\% MIN MAX

Hemitrypa sp. (single colony
measured). Abbreviations as for

branch width, mm

dissepiment width, mm

5 0.30
15 0.29

0.035
0.041

11.72 0.26 0.34
13.96 0.22 0.35

Table 1

fenestrule width, mm 15 0.18 0.022 12.49 0.14 0.21
fenestrule length, mm 15 0.41 0.044 10.63 0.36 0.51
distance between branch centres, mm 10 0.43 0.055 12.93 0.38 0.52
distance between dissepiment centres, mm 10 0.72 0.029 4.05 0.65 0.75
autozooecial aperture width, mm 8 0.08 0.008 10.27 0.07 0.09
autozooecial aperture spacing along branch, mm 8 0.26 0.023 8.83 0.22 0.3

apertures per fenestrule length 10 2.6 0.516 19.86 2.0 3.0

maximum chamber width, mm 10 0.13 0.009 7.25 0.12 0.15
superstructure opening diameter, mm 10 0.16 0.016 10.20 0.13 0.18
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Fig. 8 a—f Anastomopora inflata (Bigey, 1988b), GZG.IN.0.010.571a.
a thin section of a colony fragment. b tangential section showing
autozooecial apertures and chambers. ¢ mid-tangential section show-
ing autozooecial chambers. d tangential section showing autozooe-

Table5 Summary of
descriptive statistics for
Anastomopora inflata (Bigey,
1988b) (single colony
measured). Abbreviations as for
Table 1

@ Springer

cial apertures and chambers. e tangential section showing autozooe-
cial apertures and endozonal tubes (arrows). f thin section showing
reverse side of the colony. Scale bars: 5 mm (a), 1 mm (b, f), 0.5 mm
(c,d), 0.2 (e)

N X SD Ccv MIN MAX
branch width, mm 15 0.42 0.038 8.92 0.36 0.48
dissepiment width, mm 15 0.41 0.059 14.16 0.35 0.55
fenestrule width, mm 15 0.27 0.040 14.93 0.19 0.34
fenestrule length, mm 15 0.63 0.102 16.22 0.47 0.80
distance between branch centres, mm 15 0.67 0.073 10.79 0.58 0.82
distance between dissepiment centres, mm 15 1.01 0.085 8.44 0.85 1.15
autozooecial aperture width, mm 25 0.076 0.005 6.70 0.070 0.080
autozooecial aperture spacing along branch, mm 25 0.26 0.022 8.48 0.24 0.32
aperture spacing diagonally, mm 25 0.21 0.017 8.38 0.18 0.24
apertures per fenestrule length 20 3.9 0.366 9.52 3.0 4.0
maximum chamber width, mm 25 0.13 0.010 7.70 0.11 0.14
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Rhombopora cf. hemiseptata Morozova, 1961. However,
our study revealed that this bryozoan belongs to the trepos-
tome genus Dyoidophragma Duncan, 1939. Therefore, we
assigned it as a new species Dyoidophragma bigeyae n.
sp. The diagnosis of the genus Dyoidophragma Duncan,
1939 is revised here, whereas the genus Pseudocampylus
Troitzkaya, 1960 is determined to be a junior synonym.

The studied fauna shows an interesting generic compo-
sition. The genera Anastomopora and Hemitrypa exhibit a
relatively wide distribution during the Devonian, and are
known not only from Europe but also from Asia and North
America. The Frasnian species of Anastomopora are known
from Altai (Krasnopeeva 1935) and Canada (Fritz 1938),
whereas those of Hemitrypa are known from the Frasnian
of Altai (Krasnopeeva 1935) and Kazakhstan (Troitzkaya
1968). The genus Dyoidophragma was previously reported
from the Middle Devonian of North America and the Upper
Devonian of Kazakhstan and China (Duncan 1939; Troitz-
kaya 1960, 1968; Xia 1997). The genus Canutrypa contains
only two species from the Middle to Upper Devonian of
Europe, China, Iran, and Afghanistan (e.g. Bigey 1988a,
b; Ernst et al. 2012). The genus Cystiramus shows simi-
larly restricted distribution. One species is known from the
Lower Devonian of Spain (Ernst and May 2012), whereas
ten species were recorded from the Middle to Upper Devon-
ian of China and Asiatic part of Russia (Morozova 1959;
Yang and Hu 1965; Volkova 1974; Yang and Xia 1976; Lu
1999). Three species of Cystiramus are known from the
Mississippian of China (Lu 1983).
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