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Stenolaemate bryozoans from the Graham Formation, 
Pennsylvanian (Virgilian) at Lost Creek Lake, Texas, USA

Andrej Ernst, Anna Lene Claussen, Barbara Seuss, and Patrick N. Wyse Jackson

ABSTRACT

An exceptionally well-preserved bryozoan fauna has been described from the
Finis Shale Member, Graham Formation, Pennsylvanian (Virgilian) at Lost Creek Lake,
Texas, USA. Nineteen bryozoan species (four cystoporates, one trepostome, two rhab-
domesine cryptostomes, and 12 fenestrates) have been identified in two profiles which
cut the most vertical range, at the level of the outcrop-base, of the Finis Shale. Two
species are new: a trepostome Dyscritella felixi n. sp. and a fenestrate Laxifenestella
texana n. sp. The fauna was studied on a combined basis of external and internal mor-
phology, using a SEM and thin sections, respectively. Bryozoans from the Finis Shale
Member exhibit a variety of growth forms from encrusting unilaminar, erect ramose,
erect reticulate robust, and erect reticulate delicate, to erect pinnate morphologies. The
erect growth forms clearly dominate, and bryozoans become more robust in the upper
level of the profiles. The distribution pattern of bryozoan growth forms indicates gradual
shallowing in the profiles supporting the assumption of a transgressive-regressive
cycle in the Finis Shale. Bryozoan richness, abundance, and α-diversity increase
toward the top of the profiles. Palaeobiogeographic relations of the Finis Shale bryozo-
ans are mostly restricted to the American realm, with some connections to the Penn-
sylvanian of Europe. 
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INTRODUCTION

Bryozoans represent one of the most import-
ant animal groups in marine biotopes of the Car-
boniferous age showing high diversity and wide
distribution (e.g., Ross, 1981; Bancroft, 1987). The
available literature documents rich and abundant
bryozoan faunas in Carboniferous rocks world-
wide. Pennsylvanian Bryozoa from North America
were studied in the pioneering works on palaeon-
tology as, for example, by Meek (1872), Ulrich
(1890), Keyes (1888, 1894), and many others. In
the first half of the twentieth century many local
faunas including bryozoans were described from
Pennsylvanian localities in North America (e.g.,
Rogers, 1900; Condra, 1902, 1903a, b; Girty, 1911;
Morningstar, 1922; Mather, 1915; Moore, 1929,
1930; Sayre, 1930). However, the study of bryozo-
ans is hindered by the necessity of requiring exten-
sive preparation of thin sections as well as by often
inadequate descriptions of previously known
records, which makes correlation of modern
descriptions with these earlier taxonomic accounts
difficult. Therefore, it is important to describe well-
preserved bryozoan assemblages in order to
expand the knowledge of bryozoan morphology,
taxonomy, and distribution to raise the utility of
bryozoans for various approaches in geological
and biological sciences, notably for studies of evo-
lution, palaeoecology, and palaeogeography.

The study of Palaeozoic bryozoans is chal-
lenging. Largely they belong to the Superorder
Palaeostomata Ma et al., 2014, the group of steno-
laemate bryozoans with calcitic skeletons that
show a high potential for preservation. Their inter-
nal morphology is complex, and their study
requires essential preparation of oriented thin sec-
tions. Bryozoan remnants are often imbedded in
hard limestones. In that case preparation of serial
thin sections from the rock appears to be the best
method. On the other hand, bryozoans can be
derived from soft deposits like shales from which
bryozoan fragments can be isolated from the sedi-
ment. Such material allows investigation of the
external morphology, often unseen in thin sections.
A comprehensive study of the well-preserved bryo-
zoan material by use of the dual modern methods
– SEM processing and oriented thin sections –
enables a comprehensive description of bryozoans

and a better understanding of their morphology
and taxonomy.

Deposits from the Finis Shale at the Lost
Creek Lake outcrop near Jacksboro (i.e., “Spillway
Section”, TXV-200), Texas, USA, provide the
opportunity to study a rich and well-preserved
bryozoan fauna of late Pennsylvanian age. The
deposits from the Finis Shale are categorized as a
Liberation Lagerstätte (Roden et al., 2019) contain-
ing fossils which are both extremely well preserved
and at the same time can be easily removed from
the surrounding material. The Finis Shale deposits
are laterally widely distributed in Northern Texas
(Barnes et al., 1987) and at TXV-200 mirror a
diverse faunal assemblage from the upper Penn-
sylvanian. Lower parts of the shale contain abun-
dant conodonts and foraminifers (especially
fusulinids) (e.g., Nestell et al., 2019; personal
observation BS). Deposits above, when sea level
continuously retreats, comprise a fauna with
remains of fish including teeth and bones (e.g.,
Maisey et al., 2017), various brachiopod and mol-
lusc (cephalopod, gastropod, and bivalvia) species
(e.g., Miller and Downs, 1950; Boardman et al.,
1984; Grossman et al., 1991; Lobza et al., 1994;
Forcino et al., 2010; Karapunar et al., 2022; Niko et
al., 2022), skeletal parts of all kinds of echinoderms
(personal observation BS), among others (com-
pare Boston, 1988; Lobza et al., 1994) but also
fragments of plants (e.g., Boston, 1988; McKinzie
and McLeod, 2003; personal observation BS). Bos-
ton (1988) divided the Finis Shale into seven biofa-
cies according to sedimentological and faunistic
characters and Forcino et al. (2010) also recog-
nized community patterns that are largely driven by
the three most abundant brachiopod taxa at the
outcrop.

Bryozoans from the Finis Shale have never
been studied in detail so far. We present a compre-
hensive taxonomic description of 19 bryozoan spe-
cies recorded from the outcrop TXV-200 and
discuss their morphology as well as their ecology
and palaeobiogeographic relations.

Geographical and Geological Setting

Bryozoans in this study derive from an out-
crop (AMNH locality #5562 = TXV-200) (Figure 1)
at the Lost Creek Lake emergency spillway near its
dam. TXV-200 (33° 14’ 12.2” N / 98° 7’ 12” W) is



PALAEO-ELECTRONICA.ORG

3

located approximately 4 km northeast of Jacksboro
(Jack County, TX, USA) (Figure 1A), and this out-
crop was created during the building of the emer-
gency spillway. The outcrop consists of a flat plane
with occurrences of conulariids and a main outcrop
area, which is a horseshoe-shaped slope of Finis
Shale (Figure 1B-E) mostly covered by Jacksboro
Limestone (Figure 1F) (e.g., Boston, 1988; Forcino
et al., 2010). Lower parts of the shale are blackish-
deep gray and clayey (Figure 1E) while weathered
parts commonly appear yellowish (Figure 1D). The
entire Finis Shale at this locality has a thickness of

approximately 30 m (Nestell et al., 2019), while the
directly accessible part is only 5-6 m with a maxi-
mum of less than 10 m above the bedding plane
(Figure 1C). 

Both the Finis Shale and Jacksboro Lime-
stone represent the basal parts of the Graham For-
mation (Cisco Group; Figure 2A) (Moore and
Plummer, 1922; Grossman et al., 1991) of Virgilian
(Pennsylvanian, Upper Carboniferous) age and
thus are part of the Finis transgressive-regressive
cycle (Boardman and Heckel, 1989; Boardman et
al., 1984) representing sea level rise and fall during

FIGURE 1. Geography and geology at the Finis Shale outcrop, TXV-200, spillway section northeast of Jacksboro,
Texas, USA. A – location of Jacksboro (Jack County), approximately 100 km northwest of Fort Worth, Texas. B – TXV-
200, the horseshoe-shaped outcrop at the spillway section at Lost Creek Lake. Greyish area in the middle of the
horseshoe is a bedding plane, conulariids are usually found here; numbers 1–3 refer to the numbers in the landscape
photo in Figure 1C. C – landscape photo of the spillway section toward the South, view when standing on the bedding
plane; 1–3 inserted to compare positions as indicated in Figure 1B, white arrows with B and C indicate the location of
the sections sampled (also compare Figure 2B). D – yellowish, weathered Finis Shale. E – greyish Finis Shale. D, E –
sampling transects (compare Figures 1C and 2B) were prepared to be able to collect fresh, in situ shale. F – top of the
outcrop (above sampled section B) represented by the Jacksboro Limestone.
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the Late Paleozoic Ice Age (e.g., Montañez and
Poulsen, 2013). The regressive part of the cycle,
based on the amount of filter feeders, is interpreted
to represent a non-deltaic environment (Boston,
1988). The outcrop, at the time of deposition, was
part of the eastern shelf on the western part of the
Midland Basin on the North American Midcontinent
with evolving orogens toward the North and East,
i.e., the Amarillo and Arbuckle Mountains and the
Ouachita Foldbelt, respectively (Yang and Kominz,
2003). 

Material and Methods

During a field trip the Finis Shale at the TXV-
200 locality was extensively bulk-sampled. Three
transects were prepared allowing sampling from a

fresh outcrop of shale (Figure 2B). Samples were
collected every 25 cm, and each sample contained
2.5 kg of sediment, measured with a scale. In the
laboratory (FAU-GZN Paläoumwelt, Erlangen) the
samples were dried at 35°C before 1.5 kg of each
sample was disarticulated using tap water. In part
the samples contained a distinct amount of water
so that only little more than 1.5 kg of shale was left
after drying. Solvents were not required to break up
the shales as they disintegrated easily in tap water.
The samples were sieved using four mesh sizes (2
mm, 500 µm, 250 µm, and 125 µm). The split frac-
tions again were dried at 35°C. The larger fractions
(i.e., 2 mm and 500 µm) were picked for all fossils
and identifiable fossil fragments and sorted (Figure
3). The bryozoan remains were closely examined,

FIGURE 2. Stratigraphy and sampled sections of the Finis Shale at TXV-200. A – stratigraphic position of the Finis
Shale Member modified after Yang and Kominz, 2003 (fig. 2). B – measured sections, not from the base of the Finis
Shale; base represented by accessible part of the Finis at individual section (compare with Figure 1); profile C is
marked by exclusively yellowish shale, profile B by grey shale that only mixes with yellowish shale in the uppermost
part; the latter section is capped by the Jacksboro Limestone. Ss – sandstone. 
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and from each species the best-preserved speci-
mens were used for further analysis (thin sections
and SEM).

A selection of best-preserved bryozoan
remains was prepared for visualization and study
with the SEM. The fossils were glued onto SEM-
stubs and sputter-coated (Cressington 108) before
being investigated in the SEM (TESCAN
VEGA\\xmu).

Separate bryozoan fragments were imbedded
in epoxy resin (SpeciFix-20) under vacuum, then
cut and polished for preparation of oriented thin
sections. Thin sections were investigated using a
binocular microscope in transmitted light. Measure-
ments of morphological characters were partly
adopted from Anstey and Perry (1970), Hageman
(1991, 1993), and Snyder (1991a, b). Statistics
were summarized using arithmetic mean, sample
standard deviation, coefficient of variation, and
minimum and maximum values (see Supplemen-
tary Material).

Studied material is deposited at the Bayeri-
sche Staatssammlung für Paläontologie und Geol-
ogie, Munich, Germany, under collection numbers

SNSB-BSPG 2020 XCI 22-128 (thin sections:
SNSB-BSPG 2020 XCI 22-96; SEM: SNSB-BSPG
2020 XCI 97-128).

SYSTEMATIC PALAEONTOLOGY

Phylum BRYOZOA Ehrenberg, 1831
Class STENOLAEMATA Borg, 1926

Superorder PALAEOSTOMATA Ma, Buttler, and 
Taylor, 2014

Order CYSTOPORATA Astrova, 1964
Suborder FISTULIPORINA Astrova, 1964

Family FISTULIPORIDAE Ulrich, 1882
Genus FISTULIPORA M’Coy, 1849

Type species. Fistulipora minor M’Coy, 1849, by
original designation. Mississippian (Lower Carbon-
iferous); England.
Diagnosis. Massive, encrusting, or ramose colo-
nies. Cylindrical autozooecia with thin walls and
complete diaphragms. Apertures rounded, pos-
sessing horseshoe-shaped lunaria. Autozooecia
separated by the extrazooidal vesicular skeleton.
Remarks. Fistulipora M’Coy, 1849 differs from Eri-
dopora Ulrich, 1882 in having rounded, horseshoe-

FIGURE 3. Picked bryozoan fragments from the disaggregated, sieved samples from the Finis Shale. A – profile B15;
B – profile B16; C – profile C5; D – profile C13.
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shaped lunaria instead of triangular ones. Further-
more, Eridopora develops persistently encrusting
colonies, whereas Fistulipora may also develop
massive and ramose colonies. Fistulipora differs
from Dybowskiella Waagen and Wentzel, 1886, in
the shape of lunaria, whose ends do not inflect
autozooecial chambers.
Occurrence. Ordovician to Permian; worldwide.

Fistulipora nodulifera Meek, 1872 
Figure 4A-C; Appendix

1872 Fistulipora nodulifera Meek, p. 143, pl. 
5, 5a-d.

1894 Fistulipora nodulifera Meek, 1872; 
Keyes, pl. 34, fig. 3.

1903a Fistulipora nodulifera Meek, 1872; Con-
dra, p. 30-31, pl. 1, figs. 1-5.

1929 Fistulipora nodulifera var. maculosa 
Moore, p. 5, pl. 1, figs. 9, 12.

1930 Fistulipora nodulifera Meek, 1872; 
Sayre, p. 87-88, pl. 2, figs. 4-6.

2017 Fistulipora nodulifera Meek, 1872; Ernst 
and Vachard, p. 18, figs. 6A-D.

2021 Fistulipora nodulifera Meek, 1872; 
Ernst, Krainer and Lucas, p. 220-222, 
figs. 4c-f.

Material. SNSB-BSPG 2020 XCI 29, SNSB-BSPG
2020 XCI 34, SNSB-BSPG 2020 XCI 56a-d,
SNSB-BSPG 2020 XCI 57, SNSB-BSPG 2020 XCI
76, SNSB-BSPG 2020 XCI 97.
Description. Encrusting colonies, 0.63–0.80 mm
thick. Autozooecia growing from thin epitheca,
bending in the early exozone to the colony surface.
Basal diaphragms rare. Autozooecial apertures cir-
cular to oval. Lunaria well-developed, rounded;
ends of lunaria not indenting into autozooecia. Ves-
icles small to large, separating autozooecia in 1–2
rows, 10–15 surrounding each autozooecia aper-
ture, with rounded to flat roofs, polygonal in tan-
gential section. Microacanthostyles in outer layer of
the calcite material, 0.020–0.035 mm in diameter.
Autozooecial walls granular prismatic, 0.013–0.018
mm thick. Depressed maculae consisting of vesi-
cles present, 0.81–1.26 mm in diameter, spaced 5–
6 mm from centre to centre.
Remarks. Fistulipora nodulifera Meek, 1872, dif-
fers from F. vaccula Moore, 1929, from the Graham
Formation (Virgilian) of Texas in possessing
smaller autozooecial apertures (aperture width
0.22–0.35 mm vs. 0.35–0.50 mm in F. vaccula).
Fistulipora nodulifera differs from F. distincta
Schulga-Nesterenko, 1955, from the Pennsylva-
nian (Moscovian) of the Russian Platform in having

smaller autozooecial apertures (aperture width
0.22–0.35 mm vs. 0.30–0.35 mm in F. distincta). 

Moore (1929) distinguished a variety Fistuli-
pora nodulifera var. maculosa Moore, 1929 from
the Graham Formation (Virgilian) of Texas by pres-
ence of maculae. However, maculae were also
mentioned in other materials of F. nodulifera.
Occurrence. Carboniferous, Pennsylvanian (Vir-
gilian); Texas, Nebraska, Missouri, New Mexico
(USA). Horquilla Formation, Carboniferous, Penn-
sylvanian, Desmoinesian (late Moscovian); Cerros
de Tule, Sonora, Mexico. Gray Mesa Formation,
Pennsylvanian (Desmoinesian); Fra Cristobal
Mountains, New Mexico, USA. Graham Formation,
Pennsylvanian (Virgilian); TXV-200 (“Spillway sec-
tion at Lost Creek Lake”), Texas, USA. 

Genus ERIDOPORA Ulrich, 1882
Type species. Eridopora macrostoma Ulrich,
1882, by original designation. Mississippian (Lower
Carboniferous); North America.
Diagnosis. Thin encrusting colonies. Oval aper-
tures with strongly developed lunaria of distinct tri-
angular shape. Cylindrical autozooecia with thin
walls and complete diaphragms. Vesicular skeleton
consists of angular vesicles.
Remarks. Eridopora Ulrich, 1882, differs from Fis-
tulipora M’Coy, 1849, in having large triangular
lunaria instead of horseshoe-shaped ones, and
predominantly encrusting colonies.
Occurrence. Devonian to Permian; worldwide.
Eridopora beilensis Perkins and Perry in Perkins et 

al., 1962
Figures 4D-F, 5A-B; Appendix

1962 Eridopora beilensis Perkins and Perry in 
Perkins et al., p. 12, pl. 3, figs. 1-4.

Material. SNSB-BSPG 2020 XCI 36, SNSB-BSPG
2020 XCI 59a, b, SNSB-BSPG 2020 XCI 98.
Description. Encrusting colonies, 0.20–1.26 mm
thick. Autozooecia growing from thin epitheca,
bending in the early exozone to the colony surface.
Basal diaphragms rare to absent. Autozooecial
apertures circular to oval. Lunaria well-developed,
triangular; ends of lunaria not indenting autozooe-
cia. Vesicles small to large, separating autozooecia
in 1–2 rows, 13–16 surrounding each autozooecia
aperture, with rounded roofs, polygonal in tangen-
tial section. Autozooecial walls granular prismatic,
0.015–0.023 mm thick. Maculae not observed.
Remarks. The species Eridopora cf. beilensis Per-
kins and Perry, 1962, from the Arnsbergian (= Ser-
pukhovian; late Mississippian) of Northern
Yorkshire, England, described by Bancroft (1984)
in his unpublished PhD dissertation is very similar
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FIGURE 4. Fistulipora nodulifera Meek, 1872 (A–C): A – colony surface with autozooecial apertures and lunaria (XCI
97); B – tangential thin section showing autozooecial apertures with lunaria and vesicles (XCI 29); C – longitudinal
thin section showing autozooecial chambers and vesicles (XCI 56b). Eridopora beilensis Perkins and Perry in Perkins
et al., 1962 (D–F): discoidal colony showing autozooecial apertures with triangular lunaria (XCI 98). 
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FIGURE 5. Eridopora beilensis Perkins and Perry in Perkins et al., 1962 (A–B): A – tangential thin section showing
autozooecial apertures and vesicles (XCI 36); B – longitudinal thin section of a colony on echinoderm fragment show-
ing autozooecial chambers and vesicles (XCI 59a). Cystodictya formosa Moore, 1929 (C–G): C, D – branch fragment
with autozooecial apertures and lunaria (XCI 99); E–F: tangential thin section showing autozooecial apertures with
lunaria (XCI 23a); G – deep tangential section showing autozooecial chambers with hemisepta and vesicular skeleton
(XCI 23a).
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to the original description of this species and the
present species. However, the present species has
smaller autozooecial apertures (average aperture
width 0.30 mm vs. 0.39 mm in Eridopora cf. beilen-
sis in Bancroft’s PhD). Eridopora beilensis differs
from E. macrostoma Ulrich, 1882, in having smaller
autozooecial apertures (average aperture width
0.30 mm vs. 0.39 mm in E. macrostoma). 
Occurrence. Lecompton Limestone, Pennsylva-
nian (Virgilian); Kansas, USA. Graham Formation,
Pennsylvanian (Virgilian); TXV-200 (“Spillway sec-
tion at Lost Creek Lake”), Texas, USA.

Family CYSTODICTYONIDAE Ulrich, 1884
Genus CYSTODICTYA Ulrich, 1882

Type species. C. ocellata Ulrich, 1882, by original
designation. Lower Mississippian; Kentucky, USA.
Diagnosis. Bifoliate colonies, strap-like, branch-
ing in plane of mesotheca. Autozooecia with peri-
stomes and lunaria. Ridges between autozooecial
rows lacking. Mesotheca thin to moderately thick,
indistinctly laminated to granular-prismatic, with
low ridges, running parallel to ranges of autozooe-
cia. Autozooecia teardrop-shaped at their bases,
quadrate in transverse section; partly isolated by
boxlike vesicles; recumbent portion short; blunt
proximolateral hemisepta at zooecial bend, indent-
ing zooecial cavity and producing slight hook-
shaped appearance of autozooecia in deep tan-
gential section. Diaphragms lacking. Walls lami-
nated; boundary serrated, tubules in cortex.
Lunarium in exozone, light coloured, laminated,
some with core and proximal rib. Compound range
walls thin in endozone with dark boundary continu-
ous into dark central layer of mesotheca; thick in
exozone with many flexures and irregular tubuli.
Vesicles small, boxlike, in endozone; low blisters in
inner exozone; stereom in exozone; laminated with
tubuli and flexures.
Remarks. Cystodictya Ulrich, 1882, differs from
Sulcoretepora d’Orbigny, 1849, in possessing tear-
drop-shaped apertures, straight mesotheca and
autozooecial walls, which are distinctly tripartite in
Sulcoretepora and more homogenous in Cystodic-
tya. Furthermore, Cystodictya possesses hemi-
septa, which are absent in Sulcoretepora.
Cystodictya differs from Dichotrypa Ulrich in Miller,
1889, in lacking acanthostyles in its exterior ste-
reom. 
Occurrence. Middle Devonian – Pennsylvanian;
worldwide. 

Cystodictya formosa Moore, 1929
Figures 5C-G, 6A-B; Appendix

1929 Cystodictya formosa Moore, p. 150-151, 
pl. 18, figs. 4, 12, 13.

1929 Cystodictya formosa var. robusta Moore, 
p. 151, pl. 18, figs. 14, 29, 31.

1929 Cystodictya formosa var. striata Moore, 
p. 153, pl. 18, figs. 20-22.

Material. SNSB-BSPG 2020 XCI 23a, b, SNSB-
BSPG 2020 XCI 27, SNSB-BSPG 2020 XCI 28,
SNSB-BSPG 2020 XCI 33, SNSB-BSPG 2020 XCI
99.
Description. Bifoliate branches, 0.67–1.07 mm
wide and 0.40–0.92 mm thick. Mesotheca 0.008–
0.010 mm thick, granular. Autozooecia tubular,
teardrop-shaped at their bases, trapezoidal to
semicircular in transverse quadrate in cross-sec-
tion, recumbent on the mesotheca for a relatively
short distance, then bending upwards at low
angles in exozone and intersecting the surface
almost perpendicularly. Diaphragms lacking; long
proximolateral hemisepta at zooecial bend present.
Autozooecial apertures circular to oval, arranged in
4–6 alternating rows on the colony surface. Lunaria
distinct, horseshoe-shaped. Vesicular skeleton
well-developed, covered in exozone by thick ste-
reom. Vesicles small, rectangular in tangential sec-
tion, with rounded roofs, completely separating
autozooecia in exozone in 1–2 rows. Autozooecial
walls granular, 0.008–0.010 mm thick in endozone.
Stereom well developed, 0.13–0.18 mm thick, con-
sisting of laminated material, completely separat-
ing autozooecia in exozone. 
Remarks. Moore (1929) established several vari-
eties of the species Cystodictya formosa from the
Graham Formation of Texas. Of these varieties,
Cystodictya formosa var. robusta and C. formosa
var. striata differ only in the branch width and thick-
ness from the species C. formosa Moore, 1929.
The differences in the branch width and thickness
are indeed minimal and do not exceed normal vari-
ation within an assemblage from a restricted bio-
tope (branch width 0.96 mm for C. formosa, 1.15
mm for C. formosa var. robusta, and 1.1 mm for C.
formosa var. striata; branch thickness 0.72 mm for
C. formosa, 1.3 mm for C. formosa var. robusta,
and 0.72 mm for C. formosa var. striata, as given
by Moore (1929). 

Cystodictya formosa Moore, 1929, differs from
C. modesta Moore, 1929, in possessing thicker
and wider branches as well as in larger and wider
spaced autozooecial apertures (aperture width
0.10–0.18 mm vs. 0.057–0.085 mm in C.
modesta).
Occurrence. Upper Graham Formation, Pennsyl-
vanian (Virgilian); Texas, USA. Graham Formation,
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FIGURE 6. Cystodictya formosa Moore, 1929 (A–B): A – deep tangential section showing autozooecial chambers with
hemisepta and vesicular skeleton (XCI 27); B – branch transverse section showing mesotheca, autozooecial cham-
bers and vesicles (XCI 23c). Goniocladia grahamensis Moore, 1929 (C–E): branch fragment showing the shape of
fenestrule, ridges on branches and autozooecial apertures with lunaria (XCI 100). Dyscritella felixi n. sp. (F–H): F –
colony encrusting a brachiopod spine (holotype XCI 101); G – colony surface showing autozooecial apertures, exi-
lazooecia, and acanthostyles; H – tangential thin section showing autozooecial apertures, exilazooecia, and acantho-
styles (paratype XCI 86). 
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Pennsylvanian (Virgilian); TXV-200 (“Spillway sec-
tion at Lost Creek Lake”), Texas, USA.

Suborder HEXAGONELLINA Morozova, 1970
Family GONIOCLADIIDAE Waagen and Pichl, 

1885
Genus GONIOCLADIA Etheridge, 1876

Type species. Carinella cellulifera Etheridge,
1873, subsequently designated by Etheridge
(1876). Mississippian (Lower Carboniferous); Car-
luke (Scotland).
Diagnosis. Reticulate colonies with polygonal
fenestrules. Branches bifoliate, joined by anasto-
moses or rarely by dissepiments. Autozooecia in
two or more rows on each side of the mesotheca.
Apertures with more or less developed lunaria and
apertural styles. Thin mesotheca protruding as
ridge on the circular reverse side and as sharp keel
on peaked obverse side. Median rods in mesoth-
eca usually lacking, in few species present. Thin-
walled autozooecia usually separated by vesicular
skeleton.
Remarks. Goniocladia Etheridge, 1876, differs
from Aetomacladia Bretnall, 1926, and Goniocla-
diella Nekhoroshev, 1953, in having a reticulate
colony shape rather than a pinnate one (main
branch with diverging lateral branches). 
Occurrence. Carboniferous – Permian; worldwide.

Goniocladia grahamensis Moore, 1929
Figure 6C-E; Appendix

1929 Goniocladia grahamensis Moore, p. 
154-156, pl. 18, figs. 1-3, 8-11.

Material. SNSB-BSPG 2020 XCI 100.
Description. Reticulate colonies consisting of
anastomosing bifoliate branches. Branches 0.54–
0.70 mm wide. Fenestrules oval to polygonal,
1.00–1.36 mm wide and 2.32–2.66 mm long. Auto-
zooecia budding in 2–3 rows from each side of thin
mesotheca, opening on both sides of the sharp
median carina. Lunaria present, horseshoe-
shaped, directed toward fenestrule. Numerous
microstylets on the colony surface, 0.008–0.011
mm in diameter.
Remarks. Goniocladia grahamensis Moore, 1929,
differs from G. subpulchra Schulga-Nesterenko,
1955, from the Gzhelian of the Russian Platform,
and from G. tenuis Schulga-Nesterenko, 1933,
from the Gzhelian of Russia, in having smaller
fenestrules (fenestrule width 1.00–1.36 mm vs.
1.25–2.00 in G. subpulchra and 1.75–2.00 mm in
G. tenuis; fenestrule length 2.32–2.66 mm vs.
3.25–4.25 mm in G. subpulchra and 3.15–4.70 mm
in G. tenuis). 

Occurrence. Upper Graham Formation, Pennsyl-
vanian (Virgilian); Texas, USA. Graham Formation,
Pennsylvanian (Virgilian); TXV-200 (“Spillway sec-
tion at Lost Creek Lake”), Texas, USA.

Order TREPOSTOMATA Ulrich, 1882
Suborder AMPLEXOPORINA Astrova, 1965

Family DYSTRITELLIDAE Dunaeva and 
Morozova, 1967

Genus DYSCRITELLA Girty, 1911
Type species. Dyscritella robusta Girty, 1911, by
original designation. Mississippian; Arkansas,
USA.
Diagnosis. Ramose and encrusting colonies with
abundant acanthostyles and exilazooecia. Autozo-
oecia parallel to longitudinal direction of the colony
in endozone; gradually bending outward in exo-
zone. Diaphragms in autozooecia lacking or very
rare; lacking in exilazooecia. Exilazooecia circular
to angular in cross section and separated from the
autozooecia and from each other by thick walls.
Two sizes of acanthostyles may be present. Zooe-
cial walls thin in endozone, rapidly thickening in the
exozone. 
Remarks. Dyscritella Girty, 1911, generally lacks
diaphragms, which are commonly developed in the
similar genus Dyscritellina Morozova in Dunaeva
and Morozova, 1967. 
Occurrence. Devonian to Triassic; worldwide.

Dyscritella felixi n. sp.
Figures 6F-H, 7A-B; Appendix

zoobank.org/B5FFF8E9-7B9E-4132-8C26-2AF97A7F089B

Etymology. The species is named after Felix, son
of Barbara Seuss. 
Holotype. SNSB-BSPG 2020 XCI 101.
Paratypes. Thin sections: SNSB-BSPG 2020 XCI
86, SNSB-BSPG 2020 XCI 87, SNSB-BSPG 2020
XCI 88, SNSB-BSPG 2020 XCI 89.
Type locality. TXV-200 (“Spillway section at Lost
Creek Lake”), Texas, USA.
Type stratum. Graham Formation, Pennsylvanian
(Virgilian). 
Diagnosis. Thin encrusting colonies; 5–7 acantho-
styles and 1–4 exilazooecia surrounding each
autozooecial aperture; maculae absent.
Description. Encrusting colony, 0.40–0.50 mm in
thickness. Autozooecial chambers tubular, growing
from a thin epitheca. Acanthostyles common to
abundant, 5–7 surrounding each autozooecial
aperture, originating from base of exozone, moder-
ate to large in size. Diaphragms absent. Exilazooe-
cia small to moderate in size, rounded-angular, 1–4
surrounding each autozooecial aperture. Autozo-
oecial walls granular, 0.008–0.013 mm thick in
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FIGURE 7. Dyscritella felixi n. sp. (A–B): longitudinal thin section of a colony encrusting a brachiopod spine (para-
type XCI 87). Rhombopora lepidodendroides Meek, 1872 (C–H): C – branch fragment (XCI 102); D, F – colony sur-
face with autozooecial apertures, acanthostyles and aktinotostyles (XCI 102); E – colony surface with autozooecial
apertures, acanthostyles and aktinotostyles (XCI 103); G, H – tangential thin section showing autozooecial apertures,
acanthostyles and aktinotostyles (XCI 80b).
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endozone; thick, merged, laminated without dis-
tinct zooecial boundaries, 0.033–0.055 mm thick in
exozone. Maculae absent.
Remarks. Dyscritella felixi n. sp. is similar to D.
inaequalis Girty, 1911, from the Fayetteville Shale
(Mississippian) of Arkansas. The latter species
developed ramose colony instead of encrusting
ones as in the present species. Furthermore, it has
smaller autozooecial apertures. Girty (1911, p.
194) measured 0.14 mm as the maximum size of
the autozooecial apertures for his species in con-
trast to 0.15–0.24 mm in the studied material.
Dyscritella felixi n. sp. differs from D. incrustans
Dunaeva, 1964, from the Carboniferous (Serpuk-
hovian-Bashkirian) of the Ukraine in possessing
larger autozooecial apertures (aperture width.
0.15–0.24 mm vs. 0.12–0.15 mm in D. incrustans). 

Order CRYPTOSTOMATA Vine, 1884
Suborder RHABDOMESINA Astrova and 

Morozova, 1956
Family RHOMBOPORIDAE Simpson, 1895

Genus RHOMBOPORA Meek, 1872
[= Shishoviclema Gorjunova, 1985]

Type species. Rhombopora lepidodendroides
Meek, 1872, by original designation. Pennsylva-
nian (Upper Carboniferous), North America.
Diagnosis. Ramose colonies. Autozooecia with
oval apertures and regularly thickened walls in the
exozone, intersecting the colony surface at low
angles. Diaphragms present in exozone. One or
two acanthostyles located on the distal end of each
aperture. Abundant aktinotostyles arranged in a
regular pattern around the apertures. Metazooecia
few to absent. Exozonal walls thick, laminated.
Remarks. Rhombopora Meek, 1872, differs from
Megacanthopora Moore, 1929, in having fewer
metazooecia. Rhombopora Meek, 1872, differs
from Primorella Romantchuk and Kiseleva, 1968,
through the presence of acanthostyles. 
Occurrence. Devonian – Permian; worldwide. 

Rhombopora lepidodendroides Meek, 1872
Figures 7C-H, 8A-C; Appendix

1872 Rhombopora lepidodendroides Meek, p. 
141-143, pl. 7, figs. 2a-2f.

1877 Rbombipora lepidodendroides Meek, 
1872; White, p. 99, pl. 6, figs. 5a-d.

1884 Rhombopora lepidodendroidea Meek, 
1872; Ulrich, p. 27, pl. 1, figs. 1-1b.

1887 Rhombopora lepidodendroidea Meek, 
1872; Foerste, pl. 7, figs. 3a, b.

1888 Rhombopora lepidodendroides Meek, 
1872; Keyes, p. 225.

1894 Rhombopora lepidodendroides Meek, 
1872; Keyes, p. 35, pl. 33, figs. 4a, b.

1896 Rhombopora lepidodendroides Meek, 
1872; Smith, p. 237.

1899 Rhombopora lepidodendroides ? Meek, 
1872; Knight, p. 366.

1903a Rhombopora lepidodendroides Meek, 
1872; Condra, p. 99, pl. 6, figs. 2-4, p. 7, 
figs. 1-12.

1903b Rhombopora lepidodendroides Meek, 
1872; Condra, p. 22, pl. 2, figs. 1-11.

1908 Rhombopora aff. lepidodendroides 
Meek, 1872; Girty, p. 153, pl. 31, fig. 17.

1915 Rhombopora lepidodendroides Meek, 
1872; Mather, p. 132, pl. 6, figs. 8, 9.

?1915 Rhombopora lepidodendroides Meek, 
1872; Girty, p. 46-48.

1922 Rhombopora lepidodendroides Meek, 
1872; Plummer and Moore, p. 169, pl. 
23, figs. 20-27.

1922 Rhombopora lepidodendroidea Meek, 
1872; Morningstar, p. 163-164.

1924 Rhombopora lepidodendroides Meek, 
1872; Coryell in Morgan, pl. 38, figs. 3-5.

?1929 Rhombopora communis Moore, p. 139-
140, pl. 17, fig. 12, text-figs. 4l, m.

1930 Rhombopora lepidodendroides Meek, 
1872; Sayre, p. 92, pl. 1, figs. 6-8.

1935 Rhombopora lepidodendroides Meek, 
1872; Twenhofel and Shrock, figs. 85K-
L.

1944 Rhombopora lepidodendroides Meek, 
1872; Shimer and Shrock, pl. 101, figs. 
4-6.

1953 Rhombopora lepidodendroides Meek, 
1872; Bassler, p. G134, figs. 95, 4a-c.

1953 Rhombopora lepidodendroides Meek, 
1872; Shrock and Twenhofel, p. 246, fig. 
7.

1962 Rhombopora lepidodendroides Meek, 
1872; Perkins, Perry and Hattin, p. 18-
20, pl. 3, figs. 5-7.

1970 Rhombopora lepidodendroides Meek, 
1872; Huffman, p. 673, pl. 105, figs. 1-7, 
pl. 106, figs. 1-6.

1970 Rhombopora cf. lepidodendroides 
Meek, 1872; Fritz, p. 74-76, pl. 15, figs. 
1, 4.

1971 Rhombopora lepidodendroides Meek, 
1872; Newton, p. 28-29, pl. 1, figs. 1-6, 
11, 12, pl. 2, 1-8, 11-16.
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FIGURE 8. Rhombopora lepidodendroides Meek, 1872 (A–C): A – branch transverse section (XCI 58a); B, C – branch
longitudinal section showing autozooecial chambers and aktinotostyles in autozooecial wall (XCI 45b). Streblotrypa
(Streblotrypa) multipora Warthin, 1930 (D–G): D, E – branch fragment showing autozooecial apertures and metazooe-
cia (XCI 104); F – branch transverse section showing autozooecial chambers and axial bundle (XCI 39b); G – branch
longitudinal section showing branch transverse section showing autozooecial chambers with hemisepta (arrows) and
axial bundle (XCI 40). Rhombocladia delicata Rogers, 1900 (XCI 105) (H–I) – branch fragment (H) and colony surface
showing autozooecial apertures, acanthostyles and paurostyles (I).
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1985 Rhombopora lepidodendroides Meek, 
1872; Gorjunova, p. 121, pl. 7, fig. 5.

1995 Rhombopora lepidodendroides Meek, 
1872; Sakagami, 1995, p. 261-262, figs. 
1.1-6. 

2005 Rhombopora lepidodendroides Meek, 
1872; Ernst, Schäfer, and Reijmer, p. 
307, pl. 2, figs. 6-7.

2006 Rhombopora lepidodendroides Meek, 
1872; Ernst and Minwegen, p. 579, figs. 
5J-M.

2008 Rhombopora lepidodendroides Meek, 
1872; Ernst and Winkler Prins, p. 24, pl. 
12, 4-6.

2021 Rhombopora lepidodendroides Meek, 
1872; Ernst, Krainer and Lucas, p. 225-
227, figs. 6f-i, 7a-c.

Material. SNSB-BSPG 2020 XCI 44a-c, SNSB-
BSPG 2020 XCI 45a, b, SNSB-BSPG 2020 XCI
58a, b, SNSB-BSPG 2020 XCI 63, SNSB-BSPG
2020 XCI 66, SNSB-BSPG 2020 XCI 80a, b,
SNSB-BSPG 2020 XCI 102, SNSB-BSPG 2020
XCI 103.
Description. Ramose colonies, branches 0.73–
1.48 mm in diameter, with 0.19–0.40 mm wide exo-
zones and 0.27–0.68 mm wide endozones. Auto-
zooecia short, growing in spiral pattern from a
distinct median axis at angles of 32–55° in endo-
zone, abruptly bending in exozones and intersect-
ing colony surface at angles of 77–86°; triangular
to rhombic, teardrop-shaped in transverse sections
of endozone. Autozooecial apertures oval,
arranged in quincunx on colony surface. Aktinoto-
styles abundant, arranged in a single row between
autozooecial apertures forming relatively regular
hexagons. One or two large acanthostyles
between successive autozooecial apertures, with
narrow hyaline core and wide laminated sheaths.
Metazooecia rare to absent. Autozooecial walls
laminated, without distinct boundaries in exozone.
Autozooecial walls hyaline, 0.008–0.013 mm thick
in endozone; laminated in exozone. Mural spines
in outer exozonal walls, 0.01-0.02 mm in diameter.
Remarks. Rhombopora lepidodendroides Meek,
1872, differs from R. corticata Moore, 1929, in hav-
ing smaller autozooecial apertures (average aper-
ture width 0.15 mm vs. 0.17 mm in R. corticata;
data from Ernst and Winkler Prins, 2008) and
shorter distances between apertures along branch
(average distance 0.47 mm vs. 0.72 mm in R. corti-
cata; data from Ernst and Winkler Prins, 2008).
Rhombopora lepidodendroides differs from R. vera
Dunaeva, 1961 from the Moscovian of Ukraine in

possessing larger autozooecial apertures (aperture
width 0.11–0.17 mm vs. 0.07–0.09 mm in R. vera).

Rhombopora communis Moore, 1929, is
apparently synonymous with R. lepidodendroides
Meek, 1872. The original description of R. commu-
nis is short, and differences between the two spe-
cies, noted by Moore (1929, p. 140) are minimal.
Occurrence. Studied material comes from the
Graham Formation, Pennsylvanian (Virgilian) at
the TXV-200 (“Spillway section at Lost Creek
Lake”), Texas, USA. The majority of the records of
Rhombopora lepidodendroides Meek, 1872 (see
synonymy list), come from the Pennsylvanian to
the lower Permian of the USA and Canada. This
species has also been recorded from the Pennsyl-
vanian of the Cantabrian Mountains, Spain: Valde-
teja Formation (Bashkirian) of Valdeteja, León; San
Emiliano Formation (Westphalian B/C) of
Valverdín; Picos de Europa Formation (Moscovian)
of La Hermida; ? Las Llacerias Formation (Kasimo-
vian) of Sotres, Asturias. One record of R. lepido-
dendroides is known from the Pennsylvanian of
Bolivia (Sakagami 1995). 

Family HYPHASMOPORIDAE Vine, 1885
Genus STREBLOTRYPA Vine, 1885

Subgenus STREBLOTRYPA (STREBLOTRYPA) 
Vine, 1885

Type species. Streblotrypa nicklesi Vine, 1885, by
original designation. Late Mississippian (Middle
Carboniferous; Pendleian = Serpukhovian); Hurst,
north Yorkshire, England. 
Diagnosis. Ramose colonies with indistinct bundle
of about 10 or fewer axial zooecia in the endozone.
Autozooecia budding from axial bundle, having
long inflated proximal parts, rounded-polygonal in
transverse section in the endozone, bending
abruptly at the transition between endo- and exo-
zone. Autozooecial apertures rounded to oval. Dia-
phragms rare. Hemisepta usually present.
Metazooecia usually restricted to rows between the
autozooecial apertures; styles usually lacking but
poorly developed acanthostyles sometimes occur-
ring. Autozooecial walls laminated, without distinct
autozooecial boundaries. 
Remarks. Streblotrypa (Streblotrypa) Vine, 1885,
differs from S. (Streblascopora) Bassler, 1929, by
an indistinctly defined axial bundle of axial zooecia
and well-developed hemisepta.
Occurrence. Carboniferous to Permian; world-
wide.
Streblotrypa (Streblotrypa) multipora Warthin, 1930

Figure 8D-G; Appendix
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1930 Streblotrypa multipora Warthin, p. 42, pl. 
3, fig. 15.

Material. SNSB-BSPG 2020 XCI 39b, SNSB-
BSPG 2020 XCI 40, SNSB-BSPG 2020 XCI 41,
SNSB-BSPG 2020 XCI 43, SNSB-BSPG 2020 XCI
104.
Description. Ramose colonies, branches 0.43–
0.76 mm in diameter, with 0.19–0.38 mm wide
endozones and 0.10–0.20 mm wide exozones.
Branch transverse sections rounded to oval. Auto-
zooecia budding from the axial bundle in a regular
spiral pattern at angles of 18–28°, bending in exo-
zones and intersecting colony surface at angles of
60–80°, having long inflated proximal parts,
rounded-polygonal in transverse section in the
endozone. Axial bundle indistinct, formed by 2–5
axial zooecia, 0.11–0.15 mm in diameter. Autozo-
oecial apertures oval, opening around the
branches in regular diagonal rows. Autozooecial
boundaries marked by sharp ridges on the colony
surface, which form a roughly hexagonal pattern.
Superior hemisepta absent; inferior hemisepta
well-developed, thin, placed approximately in the
middle of the chamber, curved proximally. Autozo-
oecial diaphragms rarely occurring. Metazooecia
oval to rounded, usually 7–10 arranged in 2–3 rows
between apertures, but often clustered in parts of
branches lacking apertures. Autozooecial walls
hyaline, 0.010–0.015 mm thick in endozone; lami-
nated in exozone.
Remarks. Streblotrypa (Streblotrypa) multipora
Warthin, 1930, differs from S. (S.) merceri Morning-
star, 1922, from the Pennsylvanian of Ohio by
presence of 7–10 metazooecia between autozooe-
cial apertures instead of four in the latter species.
Streblotrypa (Streblotrypa) multipora differs from S.
(S.) heltzelae Ernst et al., 2016, from the Boggy
Formation of Oklahoma by its absence of acantho-
styles. 
Occurrence. Upper Wetumka – lower Wewoka
Formation, Pennsylvanian (Desmoinesian), Okla-
homa, USA. Graham Formation, Pennsylvanian
(Virgilian); TXV-200 (“Spillway section at Lost
Creek Lake”), Texas, USA.

Order FENESTRATA Elias and Condra, 1957
Suborder PHYLLOPORININA Lavrentjeva, 1979

Family CHAINODICTYONIDAE Nickles and 
Bassler, 1900

Genus RHOMBOCLADIA Rogers, 1900
Type species. Rhombocladia delicata Rogers,
1900, by original designation. Pennsylvanian
(Upper Coal Measures); Kansas, USA.
Diagnosis. Ramose colonies. Flattened branches
bearing 4–12 zooecial rows. Vestibule weakly

developed. Diaphragms rare. Superior hemisepta
usually developed. Oval apertures arranged in a
diagonal pattern. Autozooecial chambers rhombic
in mid-tangential section. Macroacanthostyles
often occurring at distal ends of autozooecial aper-
tures. Microacanthostyles present in zooecial
walls, sometimes forming star-like accumulations.
Leptozooecia rarely present on the frontal surface
or on lateral parts of branches. Dorsal wall very
thin.
Remarks. The genus Rhombocladia differs from
Chainodictyon Foerste, 1887, by having a ramose
instead of a reticulate colony form and by the
development of hemisepta. From Kallodictyon
Morozova, 1981, it differs in colony-form, the thin
dorsal wall and the absence of leptozooecia on the
dorsal surface of the colony.
Occurrence. Middle Devonian – Upper Permian;
worldwide.

Rhombocladia delicata Rogers, 1900
Figures 8H-I, 9A-B; Appendix

1900 Rhombocladia delicata Rogers, p. 12, 
pl. 1, figs. 1-1d.

pars 1906 Rhombocladia delicata Rogers, 1900; 
Johnsen, p. 58, pl. 11, fig. 30a [? non 
30b].

pars 1929 Rhombocladia delicata Rogers, 1900; 
Moore, p. 149, pl. 17, figs. 26-28, 30, 31 
[non 29, 32].

1930 Rhombocladia delicata Rogers, 1900; 
Warthin, p. 42, pl. 3, fig. 17.

1963 Rhombocladia delicata Rogers form A; 
Ceretti, p. 327, pl. 7, fig. 10.

1964 Rhombocladia delicata Rogers; Ceretti, 
p. 184, 185, pl. 33, fig. 2a, b, 4a, b.

2003 Rhombocladia delicata Rogers, 1900; 
Ernst, p. 63, 64, pl. 5, figs. 4-7; text-fig. 
3.

2016 Rhombocladia delicata Rogers, 1900; 
Ernst et al., p. 530, figs. 6b-f, 8a, d, 9a.

2021 Rhombocladia delicata Rogers, 1900; 
Ernst, Krainer, and Lucas, p. 228, figs. 
7d-h.

Material. SNSB-BSPG 2020 XCI 22a-c, SNSB-
BSPG 2020 XCI 105.
Description. Ramose colonies, branches 0.74–
1.07 mm wide, 0.40-0.50 mm deep, flattened,
bearing 5–6 zooecial rows; dorsal wall rugose. Dia-
phragms not observed. Superior hemisepta pres-
ent. Oval apertures arranged in a diagonal pattern.
Autozooecial chambers rhombic in mid-tangential
section. Single macroacanthostyle at the distal end
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FIGURE 9. Rhombocladia delicata Rogers, 1900: (A) – transversal thin section (XCI 22c), (B) – branch longitudinal
thin section (XCI 22b). Chainodictyon minor Ulrich, 1890, (C–G): C – branch fragment and colony surface showing
autozooecial apertures (XCI 106); D – branch reverse side showing transversal striation (XCI 125); E–G – tangential
thin section showing fenestrules, autozooecial apertures and chambers, and a leptozooecium (arrow) (XCI 37).
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of each autozooecial aperture present. Microacan-
thostyles arranged in few irregular rows between
autozooecial apertures, 0.008–0.013 mm in diame-
ter. Leptozooecia not observed in present material.
Autozooecial walls in endozone 0.015–0.020 mm
thick, hyaline; finely laminated in exozone.
Remarks. Rhombocladia delicata Rogers, 1900,
differs from R. coronata Schulga-Nesterenko,
1955, from the Moscovian of Russian Platform by
presence of macroacanthostyles. It differs from R.
carnica Ceretti, 1964, from the Pennsylvanian
(lower Gzhelian) of Italy by having wider branches
(0.74–1.07 mm vs. 0.63–0.96 mm).
Occurrence. Carboniferous, Pennsylvanian; Kan-
sas, USA. Carboniferous, Middle Pennsylvanian
(Wewoka Formation); Oklahoma, USA. Carbonifer-
ous, Pennsylvanian, Corona Formation (early
Gzhelian); Kron Alpe (Monte Corona), Carnic Alps
(Austria). Carboniferous, Pennsylvanian, Auernig
Formation (Lower Gzhelian); Auernig, Carnic Alps
(Udine, Italy). Strata probably attributable to the
Las Llacerias Formation, Pennsylvanian (Kasimov-
ian); Cantabrian Mountains, Asturias, NW Spain.
Carboniferous, Pennsylvanian, Missourian (Kasi-
movian), Deese Group, Boggy Formation; Buck-
horn Asphalt Quarry near Sulphur, Oklahoma,
USA. Gray Mesa Formation, Pennsylvanian (Des-
moinesian); Fra Cristobal Mountains, New Mexico,
USA. Graham Formation, Pennsylvanian (Virgil-
ian); TXV-200 (“Spillway section at Lost Creek
Lake”), Texas, USA.

Genus CHAINODICTYON Foerste, 1887
Type species. Chainodictyon laxum Foerste,
1887, by original designation. Pennsylvanian
(Upper Carboniferous); USA, Ohio.
Diagnosis. Reticulate colonies, regularly anasto-
mosing. Flattened branches bearing 3–12 rows of
autozooecia. Vestibule weakly developed. Dia-
phragms rare. Hemisepta absent. Oval apertures
arranged in a diagonal pattern. Autozooecial cham-
bers rhombic in mid-tangential section. Styles
absent. Leptozooecia common on the obverse sur-
face of branches. Reverse wall very thin.
Remarks. Chainodictyon Foerste, 1887, differs
from Rhombocladia Rogers, 1900, by having a
reticulate colony form instead of a ramose one and
by the absence of hemisepta. Chainodictyon differs
from Kallodictyon Morozova, 1981, in its develop-
ment of a thin reverse wall and by absence of lep-
tozooecia on the reverse surface of branches.
Occurrence. Mississippian of Kazakhstan and
Russia, Pennsylvanian of USA, and Russia, and
Lower Permian of Russia.

Chainodictyon minor Ulrich, 1890
Figures 9C-G, 10A; Appendix

1890 Chainodictyon laxum var. minor Ulrich, 
p. 640, pl. 62, figs. 3-3a.

Material. SNSB-BSPG 2020 XCI 37, SNSB-BSPG
2020 XCI 38, SNSB-BSPG 2020 XCI 42, SNSB-
BSPG 2020 XCI 106, SNSB-BSPG 2020XCI 125.
Description. Reticulate colonies formed by anas-
tomosing branches. Branches frequently bifurcat-
ing, flattened, bearing 2–4 alternating rows of
autozooecia; dorsal wall rugose, 0.30–0.79 mm
wide. Fenestrules elongate, rounded-polygonal,
0.65–1.10 mm wide, and 1.26–1.90 mm long.
Autozooecial apertures oval. Diaphragms not
observed. Hemisepta absent. Styles absent. Lepto-
zooecia common to abundant, small, occurring
between autozooecia on the obverse side of
branches. Autozooecial walls in endozone 0.013–
0.020 mm thick, hyaline; finely laminated in exo-
zone.
Remarks. Chainodictyon minor Ulrich, 1890, dif-
fers from C. laxum Foerste, 1887, in having a
smaller size of fenestrules (fenestrule width 0.65–
1.10 mm vs. ca. 1.3 mm in C. laxum; fenestrule
length 1.26–1.90 mm vs. 2.5 mm in C. laxum).
Chainodictyon minor differs from C. angustum
Schulga-Nesterenko, 1952, from the Lower Perm-
ian (Asselian) of Russia in having smaller fenes-
trules (fenestrule width 0.65–1.10 mm vs. 1.2–2.0
mm in C. angustum; fenestrule length 1.26–1.90
mm vs. 3.6–4.1 mm in C. angustum).
Occurrence. Pennsylvanian; USA, Illinois. Gra-
ham Formation, Pennsylvanian (Virgilian); TXV-
200 (“Spillway section at Lost Creek Lake”), Texas,
USA.
Suborder FENESTELLINA Astrova and Morozova, 

1956
Family FENESTELLIDAE King, 1849

Subfamily FENESTELLINAE King, 1849
Genus FABIFENESTELLA Morozova, 1974

Type species. Fenestella praevirgosa Schulga-
Nesterenko, 1951, subsequently designated by
Morozova (1974). Pennsylvanian (Upper Carbonif-
erous, Gzhelian); Russia.
Diagnosis. Reticulate colonies of different shape,
with moderately wide and thick branches and mod-
erately wide dissepiments. Autozooecia arranged
in two rows on the branches, rectangular to pen-
tagonal in deep tangential section and fabiform in
shallow to mid-tangential section. Axial wall
between autozooecial rows weakly undulating.
Both superior and inferior hemisepta present. Low
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FIGURE 10. Chainodictyon minor Ulrich, 1890, (A): longitudinal thin section showing autozooecial chambers (XCI 42).
Fabifenestella compactilis (Condra, 1902) (B–G): B – tangential section showing autozooecial apertures and cham-
bers with hemisepta (XCI 49); C–E – fragment of colony showing fenestrules, autozooecial apertures and keels with
nodes (arrow – apertural pore) (XCI 107); F, G – tangential section showing autozooecial apertures and chambers
with hemisepta, and keels with nodes (XCI 62). Laxifenestella placida Moore, 1929 (H) – deep tangential section
showing autozooecial chambers with hemisepta (XCI 65).
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and wide keel with alternating nodes developed
(modified after Morozova, 2001, p. 53).
Remarks. Fabifenestella Morozova, 1974, differs
from Exfenestella Morozova, 1974, in the presence
of a low and wide keel with alternating nodes. Fab-
ifenestella differs from Minilya Crockford, 1944, in
having rectangular to fabiform autozooecial shape
in mid-tangential section instead of triangular one.
Occurrence. Mississippian (Lower Carboniferous)
– Upper Permian; worldwide.

Fabifenestella compactilis (Condra, 1902)
Figure 10B-G; Appendix

1902 Fenestella conradi var. compactilis Con-
dra, p. 348, pl. 22, figs. 1-2.

1903a Fenestella conradi-compactilis Condra, 
1902; p. 60-61, pl. 8, figs. 11-12.

non 1941 Fenestella conradi compactilis Condra, 
1902; Schulga-Nesterenko, p. 98-99, pl. 
17, fig. 3, pl. 18, figs. 2-3.

1957 Fenestella compactilis Condra, 1902; 
Elias and Condra, p. 93-94

1957 Fenestella compactilis var. plattsmou-
thensis; Elias and Condra, p. 95-96, pl. 
12, figs. 6-7.

Material. SNSB-BSPG 2020 XCI 49, SNSB-BSPG
2020 XCI 62, SNSB-BSPG 2020 XCI 75, SNSB-
BSPG 2020 XCI 107.
Exterior description. Reticulate colonies formed
by straight branches joined by relatively wide dis-
sepiments. Fenestrules oval to rectangular, about
twice as long as wide. Autozooecia arranged in two
rows on branches. Additional autozooecium often
developed in the place of branch diversion. Auto-
zooecial apertures circular, with low peristome,
containing eight nodes (stellate structure); two to
three apertures spaced per fenestrule length. Prox-
imal pore present, positioned proximally to the
autozooecial aperture, 0.025–0.037 mm in diame-
ter. Keel wide, low, containing densely spaced
alternating nodes. Nodes varying in size, elliptically
shaped.
Interior description. Autozooecia relatively long,
roughly pentagonal to rectangular in deep tangen-
tial section, becoming fabiform in mid-tangential
section; with short to moderately long vestibule in
longitudinal section. Axial wall between autozooe-
cial rows weakly to strongly undulating; aperture
positioned at distal end of chamber. Hemisepta
present, positioned in the distal half of autozooecial
chamber. External laminated skeleton well-devel-
oped on both obverse and reverse sides. Hetero-
zooecia not observed.

Remarks. Fabifenestella compactilis (Condra,
1902) differs from F. praevirgosa (Schulga-Nest-
erenko, 1951) from the Pennsylvanian (Gzhelian)
of the Russian Platform in possessing smaller
fenestrules (fenestrule width 0.15–0.27 mm vs.
0.28–0.35 mm in F. praevirgosa; fenestrule length
0.38–0.63 mm vs. 0.75–0.90 mm in F. praevir-
gosa). Fabifenestella compactilis differs from F.
almazani Ernst and Vachard, 2017, from the Penn-
sylvanian (Moscovian) of Mexico in the closer
spacing of fenestrules (average distance between
dissepiment centres 0.67 mm vs. 0.74 mm in F.
almazani), and in wider spacing of autozooecial
apertures (average distance between aperture
centres along branches 0.28 mm vs. 0.23 mm in F.
almazani).

Morozova (2001) listed the species Minilya
conradi-compactilis (Condra, 1902). However, the
placement of this species in the genus Minilya
Crockford, 1944, appears incorrect. The original
description, as well as the following ones, was per-
formed without use of thin sections, therefore, the
generic assignment could not be clarified with cer-
tainty. However, Elias and Condra (1957, p. 94)
described the shape of the autozooecia as follows:
“Outline of zooecial chamber subpentagonal at
base, but transverse sides of pentagons strongly
inclined distad; at slightly higher level central zig-
zag line becomes nearly straight, pentagons
inclined forwardly become parallelograms, …”.
They also depicted images of polished slabs show-
ing the internal shape of autozooecia on the pl. 12,
fig. 5 (Fenestella compactilis) and fig. 7 (Fenestella
compactilis var. plattsmouthensis). The shape of
the autozooecia in both species is identical and
typically fabiform, not triangular or trapezoid as in
Minilya.
Occurrence. Cass Limestone, Douglas Group,
Pennsylvanian (Virgilian); Nebraska, USA. Graham
Formation, Pennsylvanian (Virgilian); TXV-200
(“Spillway section at Lost Creek Lake”), Texas,
USA.

Genus LAXIFENESTELLA Morozova, 1974
Type species. Fenestella sarytshevae Schulga-
Nesterenko, 1951, subsequently designated by
Morozova (1974). Mississippian, Serpukhovian;
Moscow Syncline, Russia.
Diagnosis. Reticulate colonies consisting of rela-
tively wide and thick branches and moderately
wide dissepiments. Autozooecia arranged in two
rows on the branches. Autozooecial chambers
rectangular to pentagonal in mid-tangential section.
Axial wall between autozooecial rows weakly undu-
lating. Both superior and inferior hemisepta pres-
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ent. Narrow keel with single row of nodes
developed (modified after Morozova 2001, p. 44).
Remarks. Laxifenestella Morozova, 1974, differs
from Fenestella Lonsdale, 1839, in the rectangular
to pentagonal shape of autozooecia in mid-tangen-
tial section and the presence of well-developed
hemisepta. 
Occurrence. Lower Devonian – Upper Permian;
worldwide.

Laxifenestella placida Moore, 1929
Figures 10H, 11A-D; Appendix

1929 Laxifenestella placida Moore, p. 17, pl. 
2, figs. 5-7.

Material. SNSB-BSPG 2020 XCI 35, SNSB-BSPG
2020 XCI 65, SNSB-BSPG 2020 XCI 67, SNSB-
BSPG 2020 XCI 108.
Exterior description. Reticulate colonies formed
by straight branches joined by relatively narrow flat
dissepiments. Fenestrules oval to rectangular.
Autozooecia arranged in two rows on branches.
Autozooecial apertures circular, with low peri-
stome; four to five apertures spaced per fenestrule
length. Rounded nodes on the low keel, widely
spaced. Reverse side finely striated.
Interior description. Autozooecia relatively long,
roughly pentagonal to rectangular in mid-tangential
section; with short to moderately long vestibule in
longitudinal section. Axial wall between autozooe-
cial rows straight to weakly undulating; aperture
positioned at distal end of chamber. Both superior
and inferior hemisepta long. External laminated
skeleton well-developed on both obverse and
reverse sides traversed by abundant microstylets.
Microstylets 0.005–0.008 mm in diameter. Hetero-
zooecia not observed.
Remarks. Laxifenestella placida Moore, 1929, dif-
fers from L. stuckenbergi (Nikiforova, 1938) from
the Upper Carboniferous – Lower Permian of Rus-
sia in having wider branches (branch width 0.32–
0.54 mm vs. 0.23–0.28 mm in L. stuckenbergi),
and in larger fenestrules (fenestrule width 0.30–
0.53 mm vs. 0.15–0.22 in L. stuckenbergi; fenes-
trule length 0.82–1.35 mm vs. 0.35–0.45 mm in L.
stuckenbergi). Laxifenestella placida Moore, 1929,
differs from L. benskiensis (Schulga-Nesterenko,
1951, from the Mississippian (Serpukhovian) of
Russia in having wider branches (0.32–0.54 mm
vs. 0.30–0.35 mm in L. benskiensis), and in larger
fenestrules (fenestrule width 0.30–0.53 mm vs.
0.30–0.45 in L. benskiensis; fenestrule length
0.82–1.35 mm vs. 0.70–0.80 mm in L. benskien-
sis).
Occurrence. Upper Graham Formation, Pennsyl-
vanian (Virgilian); Texas, USA. Graham Formation,

Pennsylvanian (Virgilian); TXV-200 (“Spillway sec-
tion at Lost Creek Lake”), Texas, USA.

Laxifenestella texana n. sp.
Figures 11E-F, 12A-G; Appendix

zoobank.org/A7A6097D-A051-4B20-A58B-8FA7576AB66B

Etymology. The species is named after Texas
where it was found for the first time. 
Holotype. SNSB-BSPG 2020 XCI 81.
Paratypes. SNSB-BSPG 2020 XCI 109, SNSB-
BSPG 2020 XCI 110, SNSB-BSPG 2020 XCI 111.
Type locality. TXV-200 (“Spillway section at Lost
Creek Lake”), Texas, USA.
Type stratum. Graham Formation, Pennsylvanian
(Virgilian). 
Diagnosis. Laxifenestella species with straight
branches joined by relatively narrow dissepiments,
oval to rectangular fenestrules, three to four circu-
lar apertures per fenestrule length and single node
in peristome, directed into the next fenestrule;
densely spaced rounded nodes on the low keel;
reverse side finely striated; long superior and infe-
rior hemisepta; apparent reproductive abundant
heterozooecia in form of isolated zooecia with
enlarged endozonal chambers. 
Exterior description. Reticulate colonies formed
by straight branches joined by relatively narrow
dissepiments. Fenestrules oval to rectangular.
Autozooecia arranged in two rows on branches.
Autozooecial apertures circular, with low peri-
stome; three to four apertures spaced per fenes-
trule length. Single node in peristome, directed into
the next fenestrule (Figure 12G). Rounded nodes
on the low keel, closely spaced. Reverse side
finely striated.
Interior description. Autozooecia relatively long,
roughly pentagonal to rectangular in mid-tangential
section; with short to moderately long vestibule in
longitudinal section. Axial wall between autozooe-
cial rows straight to weakly undulating; aperture
positioned at distal end of chamber. Both superior
and inferior hemisepta long. External laminated
skeleton well-developed on both obverse and
reverse sides traversed by microstylets. Microsty-
lets 0.003–0.005 mm in diameter. Apparent repro-
ductive heterozooecia in form of isolated zooecia
with enlarged endozonal chambers abundant (Fig-
ure 12B-C, E-F). Chambers rounded to oval, 0.11–
0.16 mm in diameter. Nanozooecia present (Figure
12G).
Remarks. Laxifenestella texana n. sp. differs from
L. placida Moore, 1929, in possessing narrower
branches (branch width 0.23–0.34 mm vs. 0.32–
0.54 mm in L. placida), and in smaller fenestrules
(fenestrule width 0.20–0.33 mm vs. 0.30–0.53 in L.
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placida; fenestrule length 0.44–0.70 mm vs. 0.82–
1.35 mm in L. placida). Laxifenestella texana n. sp.
differs from L. stuckenbergi (Nikiforova, 1938) from
the Upper Carboniferous – Lower Permian of Rus-
sia in having larger fenestrules (fenestrule width
0.20–0.33 mm vs. 0.15–0.22 in L. stuckenbergi;
fenestrule length 0.44–0.70 mm vs. 0.35–0.45 mm

in L. stuckenbergi). Furthermore, Laxifenestella
texana n. sp. has smaller and closer nodes on the
obverse keel. 

Genus CAVERNELLA Morozova, 1974
Type species. Fenestella dvinensis Schulga-Nest-
erenko, 1951 = junior subjective synonym of

FIGURE 11. Laxifenestella placida Moore, 1929 (A–D): A – tangential section showing autozooecial apertures and
keel with nodes (XCI 35); B – deep tangential section showing autozooecial chambers with hemisepta (XCI 65); C, D
– colony fragment showing fenestrules, autozooecial apertures and keels with nodes (XCI 108). Laxifenestella texana
n. sp. (E, F) – tangential section showing fenestrules, autozooecial apertures and chambers, keels with nodes, and
reproductive heterozooecia (arrows), holotype (XCI 81).
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FIGURE 12. Laxifenestella texana n. sp. (A–G): A–C – tangential section showing autozooecial apertures and cham-
bers, and reproductive heterozooecia (arrows) (holotype XCI 81). D – colony fragment showing fenestrules, autozo-
oecial apertures divided by keels with nodes (paratype XCI 109); E – colony fragment showing reproductive
heterozooecia (arrows) (paratype XCI 109); F – almost intact chamber of a reproductive heterozooecium (paratype
XCI 110); G – colony fragment showing secondary nanozooecia (arrows) (paratype XCI 111). Cavernella praecavifera
(Schulga-Nesterenko, 1951) (H) – colony fragment showing fenestrules, autozooecial apertures divided by keels with
nodes (XCI 112).
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Fenestella praecavifera Schulga-Nesterenko,
1951, subsequently designated by Morozova
(1974). Pennsylvanian (Upper Carboniferous,
Kasimovian); Russia.
Diagnosis. Colony fan-shaped or conical.
Branches straight, connected by thin dissepiments.
Two rows of autozooecia on branches, overlapped
basally. Autozooecial chambers pentagonal to tri-
angular in mid-tangential section. Axial wall
between autozooecial rows strongly undulating.
Superior hemisepta absent or poorly developed;
inferior hemisepta absent. Low keel with a single
row of nodes on the observed surface. Pairs of het-
erozooecia (cavernozooecia) on the reverse side
of branches or on dissepiments, opening into the
fenestrule (modified after Morozova 2001, p. 46).
Occurrence. Pennsylvanian (Upper Carbonifer-
ous) – Upper Permian; Eurasia, North America.
Remarks. Cavernella Morozova, 1974, differs from
other fenestrates in the presence of cavernozooe-
cia. 

Cavernella praecavifera (Schulga-Nesterenko, 
1951)

Figures 12H, 13A-F, 14A-D; Appendix
1951 Fenestella praecavifera Schulga-Nest-

erenko, p. 44-45, pl. 9, fig. 4, text-fig. 9.
1951 Fenestella dvinensis Schulga-Nest-

erenko, p. 45-48, pl. 9, figs. 2, 5, text-fig. 
10. 

non 1983 Fenestella dvinensis Schulga-Nest-
erenko, 1951; Yang and Lu, p. 273-274, 
pl. 5, figs. 11-14.

2001 Cavernella dvinensis (Schulga-Nest-
erenko, 1951); Morozova, pl. 7, fig. 2.

Material. SNSB-BSPG 2020 XCI 69, SNSB-BSPG
2020 XCI 71, SNSB-BSPG 2020 XCI 73, SNSB-
BSPG 2020 XCI 78, SNSB-BSPG 2020 XCI 79,
SNSB-BSPG 2020 XCI 112, SNSB-BSPG 2020
XCI126, SNSB-BSPG 2020 XCI 127, SNSB-BSPG
2020 XCI 128.
Exterior description. Reticulate colonies formed
by straight branches joined by relatively narrow
dissepiments. Fenestrules oval to rectangular.
Autozooecia arranged in two rows on branches.
Autozooecial apertures circular, with low peristome
and stellate structure; two to four apertures spaced
per fenestrule length. Rounded nodes on the low
keel, regularly spaced. Reverse side finely striated
containing rounded nodes 0.025–0.040 mm in
diameter.
Interior description. Autozooecia relatively long,
roughly pentagonal to triangular in mid-tangential
section; with short to moderately long vestibule in

longitudinal section. Axial wall between autozooe-
cial rows strongly undulating; aperture positioned
at distal end of chamber. Superior hemisepta long;
inferior hemisepta indistinct. External laminated
skeleton well-developed on both obverse and
reverse sides traversed by microstylets. Microsty-
lets 0.008–0.010 mm in diameter. Heterozooecia
are cavernozooecia in form of elongated cham-
bers, arranged in pairs on the reverse side of
branches or on dissepiments, opening into the
fenestrule, 0.06–0.10 mm in width and with
rounded openings 0.04–0.05 mm in diameter. 
Remarks. Differences between Cavernella dvinen-
sis (Schulga-Nesterenko, 1951) and C. praecavif-
era (Schulga-Nesterenko, 1951) are minimal,
therefore, C. dvinensis is regarded as being junior
synonym of C. praecavifera. As far as Morozova
(1974, p. 65) designated Fenestella dvinensis
Schulga-Nesterenko, 1951, as the type species of
the genus Cavernella, this name is retained for the
type species of the genus, despite its junior status
(Code of Zoological Nomenclature, Article 67.1.2). 

The species identified as Fenestella dvinensis
Schulga-Nesterenko, 1951, from the Kankerin For-
mation of Kalpin of western Xinjiang, China (Yang
and Lu, 1983) does not belong to this species
because it lacks cavernozooecia. It differs also in
some other morphological characters. This bryo-
zoan has stellate nodes instead of rounded ones in
C. dvinensis. Furthermore, the Chinese material
has significantly smaller fenestrules (fenestrule
length 0.40–0.45 mm vs. 0.60–0.65 mm in the
material from the Russian Platform and 0.53–0.71
mm in the studied material from the Finis Shale). 

Cavernella praecavifera (Schulga-Nest-
erenko, 1951) differs from Cavernella supercar-
bonica (Schulga-Nesterenko, 1951) from the
Pennsylvanian (Gzhelian) of the Russian Platform
in having smaller fenestrules (fenestrule width
0.19–0.39 mm vs. 0.27–0.40 mm in C. supercar-
bonica; fenestrule length 0.53–0.71 mm vs. 0.50–
0.75 mm in C. supercarbonica).
Occurrence. Pennsylvanian (Upper Carbonifer-
ous, Kasimovian); Russia. Graham Formation,
Pennsylvanian (Virgilian); TXV-200 (“Spillway sec-
tion at Lost Creek Lake”), Texas, USA.

Subfamily POLYPORINAE Vine, 1884
Genus ACUPIPORA Gorjunova and Weiss, 2012

Type species. Polypora subborealis Schulga-Nes-
terenko, 1951 (= Polypora krasnopolskyi Schulga-
Nesterenko, 1951), subsequently designated by
Gorjunova and Weiss (2012). Pennsylvanian,
Gzhelian; Russia.
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Diagnosis. Reticulate colonies of different shapes
built by straight or slightly undulating, bifurcating
branches, joined at regular intervals by straight and
short dissepiments without autozooecia. Autozooe-
cia arranged in 3–5 alternating rows on branches,
and 2–3 after bifurcation. Autozooecial chambers
polygonal tubular, proximally recumbent on bud-
ding plate, with long axis directed toward obverse
surface; rhomboidal, hexagonal to tetragonal in
tangential sections through endozone, superior
hemisepta present, blunt; inferior hemisepta pres-

ent, positioned at the base of the autozooecia
chamber in its middle-distal part. Vestibules moder-
ately long. Diaphragms absent. Autozooecial aper-
tures rounded. Microacanthostyles and nodes
usually present on obverse surface. Heterozooecia
in form of isolated zooecia with enlarged endo-
zonal chambers present. Nanozooecia (autozooe-
cia sealed by perforated terminal diaphragm)
present (modified after Gorunova and Weiss,
2012).

FIGURE 13. Cavernella praecavifera (Schulga-Nesterenko, 1951) (A–F): A–B – colony fragment with broken autozo-
oecial chambers (XCI 126); C – autozooecial aperture with preserved stellate structure (XCI 127); D – colony frag-
ment showing a weathered cavernozooecium (arrow) (XCI 128); E, F – tangential section showing autozooecial
apertures and chambers (XCI 69).
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Remarks. Acupipora Gorunova and Weiss, 2012,
differs from the genus Polyporella Simpson, 1895,
in the shape of autozooecia (rhomboidal, hexago-
nal to tetragonal vs. hexagonal to tetragonal-pen-
tagonal in Polyporella). Acupipora differs from
Polypora M’Coy, 1844 in shape of autozooecia
(rhomboidal, hexagonal to tetragonal vs. hexago-
nal in Polypora) and in presence of inferior hemi-
septa.
Occurrence. Pennsylvanian, Gzhelian; Russia.
Pennsylvanian, Desmoinesian (late Moscovian);
Mexico. Graham Formation, Pennsylvanian (Virgil-
ian); Texas, USA.

Acupipora elliptica (Rogers, 1900)
Figures 14E, 15A-D; Appendix

1900 Polypora elliptica Rogers, p. 7, pl. 4, fig. 
2.

1924 Polypora elliptica Rogers, 1900; Mor-
gan, p. 116, pl. 37, fig. 9.

1929 Polypora elliptica Rogers, 1900; Moore, 
p. 23-24, pl. 3, figs. 7, 8, 20.

1930 Polypora elliptica Rogers, 1900; Sayre, 
p. 89-90, pl. 3, figs 2-4.

1930 Polypora elliptica Rogers, 1900; Moore, 
p. 155-156.

1937 Polypora elliptica Rogers, 1900; Elias, p. 
327-328, fig. 3m.

1980 Protoretepora elliptica (Rogers, 1900); 
Simonsen and Cuffey, p. 15, figs. 3F, 4F, 
6F, 7F.

Material. SNSB-BSPG 2020 XCI 60, SNSB-BSPG
2020 XCI 64, SNSB-BSPG 2020 XCI 70, SNSB-
BSPG 2020 XCI 77, SNSB-BSPG 2020 XCI 113.
Exterior description. Reticulate colonies com-
posed of moderately wide branches joined by mod-
erately wide dissepiments. Autozooecia arranged
in 3–5 alternating rows on branches, 2–3 after
bifurcation. Autozooecial apertures rounded to
oval, having a prominent rim with spine-like projec-
tion toward nearest fenestrule, 3–5 spaced per
length of fenestrule. Fenestrules oval to slightly
rectangular. Nodes large, elliptical, spaced regu-
larly between autozooecial apertures.
Interior description. Autozooecial chambers mod-
erately long, rectangular to roughly hexagonal in
the shallow tangential section, becoming rhombic
in the mid and deep tangential sections. Superior
hemisepta blunt, placed at the proximal part of the
vestibule. Inferior hemisepta well-developed, situ-
ated in the distal third of autozooecial chambers.
Interior hyaline skeleton well-developed, wrinkled
on the reverse side of the branches. External lami-
nated skeleton well-developed, traversed by abun-

dant small microstylets. Microstylets 0.005–0.010
mm in diameter. Apparent reproductive heterozo-
oecia in form of isolated zooecia with enlarged
endozonal chambers present. Chambers rounded,
0.15 mm in diameter. Nanozooecia present.
Remarks. Acupipora elliptica (Rogers, 1900) is
similar to A. mexicana Ernst and Vachard, 2017,
from the Pennsylvanian (Moscovian-Kasimovian)
of Mexico but differs from the latter due to the
closer spacing of branches (average distance
between branch centres 0.88 mm vs. 1.10 mm in
A. mexicana). Acupipora elliptica differs from A.
subborealis (Schulga-Nesterenko, 1951) in having
larger fenestrules (fenestrule width 0.27–0.60 mm
vs. 0.30–0.40 mm in A. subborealis; fenestrule
length 0.70–0.99 mm vs. 0.70–0.80 mm in A. sub-
borealis). 
Occurrence. Drum Limestone, Pennsylvanian
(Missourian); Kansas, USA. Deese Group, Boggy
Formation, Pennsylvanian (Missourian); Okla-
homa, USA. Topeka Limestone, Pennsylvanian
(Virgilian); Kansas, USA. Upper Graham Forma-
tion, Pennsylvanian (Virgilian); Texas, USA. Gra-
ham Formation, Pennsylvanian (Virgilian); TXV-
200 (“Spillway section at Lost Creek Lake”), Texas,
USA.

Genus POLYPORA M’Coy, 1844
Type species. Polypora dendroides M’Coy, 1844,
by original designation. Mississippian (Lower Car-
boniferous); Ireland.
Diagnosis. Colonies conical or fan-shaped, planar
to longitudinally pleated; branches broad, linear,
essentially parallel, spacing intermediate, dichoto-
mously dividing; dissepiments narrow, perpendicu-
lar or at oblique angle to branches, regularly
spaced at intermediate distance; three or more
rows autozooecia per branch, up to at least six
rows below branch bifurcations; autozooecial aper-
tures aligned longitudinally and diagonally in alter-
nating rows; no keel present on branches, although
large styles may extend through obverse laminated
skeleton; reverse surface typically smooth and
finely pustulose; autozooecial chambers tubular,
some proximally recumbent on budding plate, with
long axis directed toward obverse surface but
inclined distally at acute or obtuse angle; autozo-
oecial chamber cross-sections rhomboidal, hexag-
onal, or irregularly polygonal in deep section
parallel to base; single hemiseptum may be pres-
ent on proximal wall at base of distal tube; dia-
phragms absent; intermediate- to large-diameter
distal tube typically moderate length to long, with
apertures of some surrounded by up to 16 stylets
indenting apertural outline; terminal diaphragms
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may have a central perforation, representing sec-
ondary nanozooecia; in some species bowl-like
cavities on dissepiments, linked to autozooecia by
one or two meandering surficial grooves may be
reproductive heterozooecia; no superstructure
present; granular skeleton present in basal plate
and axial wall but locally absent in transverse and
lateral walls; extrazooecial skeleton laminated, tra-
versed by abundant, moderate-size styles (Wyse
Jackson et al., 2006).

Remarks. Polypora M’Coy, 1844, is similar to
Paucipora Termier and Termier, 1971. The latter
has well-developed hemisepta and shorter autozo-
oecia. Polypora differs from Polyporella Simpson,
1895, in the presence of four rows of autozooecia
on branches instead of three in the latter genus.
Occurrence. Lower Devonian to Upper Permian;
worldwide.

Polypora triangularis Rogers, 1900
Figures 15E-H, 16A-G; Appendix

FIGURE 14. Cavernella praecavifera (Schulga-Nesterenko, 1951) (A–D): A – tangential section showing autozooecial
apertures and chambers (XCI 69); B–D – tangential section showing cavernozooecia (arrows) (XCI 73). Acupipora
elliptica (Rogers, 1900) (E) – colony fragment showing fenestrules, autozooecial apertures and nodes (XCI 113).
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FIGURE 15. Acupipora elliptica (Rogers, 1900) (A–D): A – branch fragment with autozooecial apertures, nodes and
nanozooecium (arrow) (XCI 113). B, C – deep tangential section showing autozooecial chambers with hemisepta (XCI
70); D – tangential section showing autozooecial apertures (XCI 70). Polypora triangularis Rogers, 1900 (E–H): E, F –
tangential section showing autozooecial apertures and chambers (XCI 50); G, H – tangential section showing autozo-
oecial apertures and reproductive heterozooecia (arrows) (XCI 26).
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FIGURE 16. Polypora triangularis Rogers, 1900 (A–G): A–C – colony fragments with intact chambers of reproductive
heterozooecia (XCI 114); D – branch fragment with nanozooecia (XCI 115); E, F – branch fragment with autozooecial
apertures with proximal pores (arrows) (XCI 116); G – branch fragment with nodes on the reverse side (XCI 117). Poly-
pora aff. hexagona Moore, 1929 (H, I) – colony fragment with fenestrules, autozooecial apertures, and nodes (XCI
118). 
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1900 Polypora triangularis Rogers, p. 8-9, pl. 
4, figs. 3-3c.

1929 Polypora aestacella Moore, p. 24-25, pl. 
3, figs. 9, 10.

1929 Polypora sigillaria Moore, p. 121-122, pl. 
15, figs. 12, 14.

Material. SNSB-BSPG 2020 XCI 24, SNSB-BSPG
2020 XCI 25, SNSB-BSPG 2020 XCI 26, SNSB-
BSPG 2020 XCI 30, SNSB-BSPG 2020 XCI 48,
SNSB-BSPG 2020 XCI 50, SNSB-BSPG 2020
XCI61, SNSB-BSPG 2020 XCI 72, SNSB-BSPG
2020 XCI 114, SNSB-BSPG 2020 XCI 115, SNSB-
BSPG 2020 XCI 116, SNSB-BSPG 2020 XCI 117. 
Exterior description. Reticulate colonies com-
posed of moderately wide branches joined by mod-
erately wide dissepiments. Autozooecia arranged
in 5–7 alternating rows on branches. Autozooecial
apertures rounded to oval, 7–10 spaced per length
of fenestrule. Proximal pores at apertures devel-
oped, 0.025–0.027 mm in diameter, often contin-
ued in the proximal slit (Figure 16E-F). Fenestrules
subrectangular to oval, longer than wider. Nodes
on the reverse side of branches, 0.06–0.11 mm in
diameter.
Interior description. Autozooecial chambers gen-
erally rhombic to roughly hexagonal in the mid-tan-
gential section. Hemisepta absent. Extrazooidal
skeleton well-developed, protruded by abundant
microstylets. Microstylets 0.008–0.015 mm in
diameter, spaced densely. Circular to elliptical
nodes irregularly arranged between autozooecial
rows, 0.045–0.115 mm in diameter. Apparent
reproductive heterozooecia in the form of isolated
zooecia with enlarged endozonal chambers pres-
ent. Chambers rounded, 0.18–0.30 mm in diame-
ter, covered by roofs with slightly depressed central
parts. Skeletal material of roofs covered by abun-
dant pustules. Nanozooecia present.
Remarks. Polypora sigillaria Moore, 1929, and P.
aestacella Moore, 1929, are identical with P. trian-
gularis Rogers, 1900. Their sizes are similar, and
they both possess characteristic proximal pores at
apertures. Polypora triangularis Rogers, 1900, dif-
fers from P. gzhelensis Schulga-Nesterenko, 1951,
from the Pennsylvanian (Gzhelian) of the Russian
Platform in having longer fenestrules (fenestrule
length 2.30–3.25 mm vs. 1.30–1.45 mm in P.
gzhelensis) 

Polypora triangularis differs from P. verey-
ensis Schulga-Nesterenko, 1951, from the Penn-
sylvanian (Moscovian) of the Russian Platform in
having narrower branches (branch width 0.54–1.03
mm vs. 0.95–1.05 mm in P. vereyensis) and in pos-

sessing longer fenestrules (fenestrule length 2.30–
3.25 mm vs. 1.12–1.75 mm in P. vereyensis).
Occurrence. Pennsylvanian (Virgilian); Kansas,
USA. Upper Graham Formation, Pennsylvanian
(Virgilian); Texas, USA. Graham Formation, Penn-
sylvanian (Virgilian); TXV-200 (“Spillway section at
Lost Creek Lake”), Texas, USA.

Polypora aff. hexagona Moore, 1929
Figures 16H-I, 17A-E; Appendix

1929 Polypora hexagona Moore, p. 122, pl. 
15, figs. 13, 17.

Material. SNSB-BSPG 2020 XCI 32, SNSB-BSPG
2020 XCI 55, SNSB-BSPG 2020 XCI 118.
Exterior description. Reticulate colonies com-
posed of moderately wide branches joined by mod-
erately wide dissepiments. Autozooecia arranged
in 3–5 alternating rows on branches. Autozooecial
apertures rounded to oval, 5–6 spaced per length
of fenestrule. Fenestrules subrectangular to oval,
longer than wider. 
Interior description. Autozooecial chambers gen-
erally rhombic to roughly hexagonal in the mid-tan-
gential section. Hemisepta absent. Extrazooidal
skeleton well-developed, protruded by abundant
microstylets. Microstylets 0.008–0.010 mm in
diameter, spaced densely. Circular to elliptical
nodes irregularly arranged between autozooecial
rows, 0.040–0.065 mm in diameter. Apparent
reproductive heterozooecia in form of isolated
zooecia with enlarged endozonal chambers pres-
ent. Chambers rounded, 0.18–0.30 mm in diame-
ter, covered by roofs that are slightly depressed in
their central parts. Skeletal material of roofs cov-
ered by abundant pustules. Nanozooecia present.
Remarks. The present species is very close to the
species Polypora hexagona Moore, 1929, but has
longer fenestrules (fenestrule length 1.25–1.52 mm
vs. 0.9 mm in P. hexagona). The present species
differs from P. aspera Rogers, 1900, from the
Pennsylvanian of Kansas in having shorter fenes-
trules (fenestrule length 1.25–1.52 mm vs. 2.0 mm
in P. aspera). The present species differs from P.
gzhelensis Schulga-Nesterenko, 1951, from the
Gzhelian of the Russian Platform in having nar-
rower branches (branch width 0.38–0.70 mm vs.
0.70–0.95 in P. gzhelensis).
Occurrence. Graham Formation, Pennsylvanian
(Virgilian); TXV-200 (“Spillway section at Lost
Creek Lake”), Texas, USA.

Family SEPTOPORIDAE Morozova, 1962
Genus SEPTOPORA Prout, 1859
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FIGURE 17. Polypora aff. hexagona Moore, 1929 (A–E): tangential section showing autozooecial apertures and
chambers, nodes, microstyles, and reproductive heterozooecia (arrows) (XCI 55). Septopora blanda Moore, 1929 (F–
I): F – tangential section showing autozooecial chambers and cyclozooecia (XCI 54); G – colony fragment with cyclo-
zooecia on the reverse side (arrows) (XCI 119). H, I – colony fragment with autozooecial apertures, keel nodes, and
cyclozooecia (arrows) (XCI 120).
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Type species. Septopora cesteriensis Prout,
1859, by original designation. Mississippian (Lower
Carboniferous); North America.
Diagnosis. Reticulate colonies consisting of mod-
erately thick branches and broad, often curved dis-
sepiments. New branches originate by bifurcation
or fusion of pinnae. Fenestrules irregularly shaped.
Autozooecia arranged in two rows on branches
and pinnae, rectangular to pentagonal in mid-tan-
gential section. Hemisepta absent. Keel broad, low,
carrying a single row of nodes. Cyclozooecia
spaced irregularly through the colony (modified
after Morozova, 2001 and McKinney, 2002).
Remarks. Septopora Prout, 1859, differs from the
similar genus Synocladiella Lisitsyn in Lisitsyn and
Ernst, 2004 in having two rows of autozooecia on
branches instead of 6–8 in Synocladiella. Sep-
topora differs from Synocladia King, 1949 in having
two rows of autozooecia on branches instead of 3-
5 in Synocladia, as well as in presence of cyclozo-
oecia.
Occurrence. Mississippian (Lower Carboniferous)
to Upper Permian; North America, Europe, Asia. 

Septopora blanda Moore, 1929
Figures 17F-I, 18A-C; Appendix

1929 Septopora blanda Moore, p. 130, pl. 16, 
figs. 6, 12, pl. 17, fig. 2.

1930 Septopora blanda Moore, 1929; War-
thin, p. 39, pl. 3, figs. 8a–b.

2016 Septopora blanda Moore, 1929; Ernst et 
al., p. 532-534, figs. 7b-d, 9g.

Material. SNSB-BSPG 2020 XCI 47, SNSB-BSPG
2020 XCI 54, SNSB-BSPG 2020 XCI 119, SNSB-
BSPG 2020 XCI 120.
Exterior description. Reticulate colonies formed
by straight or slightly undulating branches fused by
pinnae. Fenestrules oval to reversed V-shaped.
Autozooecia arranged in two rows on branches.
Four to five apertures spaced per fenestrule length.
Autozooecial apertures circular to oval. Elliptical
nodes regularly arranged in a single row on the low
keel between apertures, 0.08–0.10 mm wide and
spaced 0.55–0.63 mm from centre-to-centre. 
Interior description. Autozooecial chambers
tetragonal, parallelogram-shaped in the mid-tan-
gential section. Hemisepta absent. Extrazooidal
skeleton well-developed. Cyclozooecia common,
spaced irregularly on obverse surface, 0.05–0.08
mm in diameter.
Remarks. Septopora blanda Moore, 1929, differs
from S. interporata Rogers, 1900, from the Penn-
sylvanian of Kansas, in having wider spaced nodes

on keel (distance between node centres 0.55–0.63
mm vs.0.3–0.4 mm in S. interporata).
Occurrence. Wewoka Formation, middle Pennsyl-
vanian (upper Desmoinesian); Oklahoma, USA.
Deese Group, Boggy Formation, Pennsylvanian
(Missourian); Oklahoma, USA. Upper Graham For-
mation, Pennsylvanian (Virgilian); Texas, USA.
Graham Formation, Pennsylvanian (Virgilian);
TXV-200 (“Spillway section at Lost Creek Lake”),
Texas, USA.

Family ACANTHOCLADIIDAE Ulrich, 1890
Genus PENNIRETEPORA d`Orbigny, 1849

[=Acanthopora Young and Young, 1875; 
Pinnatopora Vine, 1883]

Type species. Retepora pluma Phillips, 1836, sub-
sequently designated by d`Orbigny (1849). Missis-
sippian; Yorkshire, England.
Diagnosis. Colonies consisting of straight main
branches with frequent lateral branches (pinnate);
two rows of autozooecia both on main and lateral
branches; autozooecia rectangular to pentagonal
or trapezoid in mid-tangential section; hemisepta
absent; superstructure absent; keel low with or
without nodes.
Remarks. Penniretepora d`Orbigny, 1849, differs
from Filites Počta in Barrande, 1894, in the shape
of zooecia in mid-tangential section (rectangular to
pentagonal or trapezoid vs. triangular in Filites).
Penniretepora differs from Gorjunopora Ernst et
al., 2015, in absence of hemisepta. 

The genus Penniretepora d`Orbigny, 1849,
needs critical re-evaluation. Many species were
placed to Penniretepora because of their pinnate
shape and two rows of zooecia on the branches.
However, they have different internal morphology
(shape of autozooecial chambers and presence/
absence of hemisepta). Moreover, many such spe-
cies were described without use of thin sections,
therefore their internal morphology is unknown.
Occurrence. Devonian to Permian; worldwide.

Penniretepora flexistriata Richards, 1959
Figure 18D-J; Appendix

1959 Penniretepora flexistriata Richards, 
p.1116, text-figs. A7, A8. 

1980 Penniretepora flexistriata Richards, 
1959; Simonsen and Cuffey, p. 23-24, 
figs. 3K, 4K, 5K, 6K, 7K.

Material. SNSB-BSPG 2020 XCI 82, SNSB-BSPG
2020 XCI 83, SNSB-BSPG 2020 XCI 84, SNSB-
BSPG 2020 XCI 85, SNSB-BSPG 2020 XCI 91,
SNSB-BSPG 2020 XCI 93, SNSB-BSPG 2020 XCI
121, SNSB-BSPG 2020 XCI 122, SNSB-BSPG
2020 XCI 123.
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FIGURE 18. Septopora blanda Moore, 1929 (A–C): A, B – tangential section showing autozooecial apertures and
chambers, and cyclozooecia (arrows) (XCI 47); C – tangential section showing autozooecial chambers and cyclozo-
oecia (XCI 54). Penniretepora flexistriata Richards, 1959 (D–J): D–F – colony fragments with autozooecial apertures
with apertural pores (arrows) and stellate structures, divided by low undulating keel (D: (XCI 121), E–F: (XCI 122); G –
autozooecial aperture with apertural pore (arrow) and stellate structure (XCI 123); H, I – thin section showing autozo-
oecial chambers (XCI 83); J – thin section showing autozooecial apertures with apertural pore (arrow) (XCI 82). 
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Exterior description. Pinnate colonies consisting
of straight main branches with frequent lateral
branches. Main branches 0.22–0.43 mm wide, lat-
eral branches 0.12–0.24 mm wide, diverging at
angles 59–82° from main branches, spaced 0.59–
0.85 mm from centre to centre. Autozooecia having
circular apertures with stellate structure, arranged
in two rows both on main and lateral branches; reg-
ularly one aperture at the base of each lateral
branch and one aperture between two neighbour-
ing lateral branches. Median keels low, undulating,
nodes absent. 
Interior description. Autozooecial chambers
arranged in two alternating rows on branches, tri-
angular to pentagonal or trapezoid in mid-tangen-
tial section both on main and secondary branches,
short, inflated, with moderately long vestibules.
Axial wall strongly undulating to zigzag from base
to crest. Hemisepta absent. Apertural pore present,
positioned proximally to the autozooecial aperture,
0.02–0.03 mm in diameter. Extrazooecial skeleton
moderately developed, traversed by abundant
microstylets; microstylets without hyaline core, reg-
ularly spaced across entire colony surface, 0.005–
0.008 mm in diameter. Coarse longitudinal striation
developed both on main and lateral branches. 
Remarks. Penniretepora flexistriata Richards,
1959, is similar to P. cyclotriangulata Shishova,
1959, from the Upper Carboniferous (Moscovian)
of Russia but differs from it in having narrower lat-
eral branches (lateral branch width 0.12–0.24 mm
vs. 0.20–0.25 mm in P. cyclotriangulata) and
smaller apertures (aperture width 0.06–0.08 mm
vs. 0.15–0.20 mm in P. cyclotriangulata).
Occurrence. Lower Virgilian to upper Wolfcam-
pian; Kansas, USA. Graham Formation, Pennsyl-
vanian (Virgilian); TXV-200 (“Spillway section at
Lost Creek Lake”), Texas, USA.

Penniretepora oculata (Moore, 1929)
Figure 19A-E; Appendix

1929 Pinnatopora oculata Moore, p. 125-126, 
pl. 15, figs. 4, 5, 9.

1930 Pinnatopora oculata Moore, 1929; War-
thin, p. 38, pl. 3, fig. 5.

Material. SNSB-BSPG 2020 XCI 31, SNSB-BSPG
2020 XCI 51, SNSB-BSPG 2020 XCI 92, SNSB-
BSPG 2020 XCI 94, SNSB-BSPG 2020 XCI 95,
SNSB-BSPG 2020 XCI 96, SNSB-BSPG 2020 XCI
124.
Exterior description. Pinnate colonies consisting
of straight main branches with frequent lateral
branches. Main branches 0.27–0.49 mm wide, lat-
eral branches 0.19–0.30 mm wide, diverging at

angles 68–81° from main branches, spaced 0.68–
1.00 mm from centre to centre. Autozooecia having
oval apertures, arranged in two rows both on main
and lateral branches; regularly one aperture at the
base of each lateral branch and one aperture
between two neighbouring lateral branches.
Median keels low, straight, containing widely
spaced elliptical nodes.
Interior description. Autozooecial chambers
arranged in alternating order in one row on
branches, trapezoid to roughly pentagonal in mid-
tangential section both on main and secondary
branches, relatively long, inflated, with moderately
long vestibules. Axial wall strongly undulating from
base to crest. Hemisepta absent. Extrazooecial
skeleton moderately developed, traversed by
abundant microstylets; microstylets with distinct
hyaline cores and dark laminated sheaths, diverg-
ing from inner hyaline skeleton, regularly spaced
across entire colony surface, 0.010–0.015 mm in
diameter. Reverse side containing longitudinal
rows of microstylets. Nanozooecia present.
Remarks. Penniretepora oculata (Moore, 1929) is
similar to P. rossica Shishova, 1959, from the
Upper Carboniferous (Gzhelian) of Russia but dif-
fers in having narrower branches (main branch
width 0.27–0.49 mm vs. 0.45–0.50 mm in P. ros-
sica) and smaller apertures (aperture width 0.05–
0.08 mm vs. 0.09–0.12 mm in P. rossica). Pennire-
tepora oculata differs from P. mariae (Shishova,
1959) from the Upper Carboniferous (Gzhelian) of
Russia in possessing large widely spaced nodes
on branches instead of a narrow keel with a row of
small closely spaced nodes in P. mariae. Further-
more, lateral branches in Penniretepora oculata
are spaced wider than in P. mariae (distance
between branch centres 0.68–1.00 mm vs. 0.67–
0.71 in P. mariae). 
Occurrence. Pennsylvanian of Oklahoma, USA.
Upper Graham Formation, Pennsylvanian (Virgil-
ian); Texas, USA. Graham Formation, Pennsylva-
nian (Virgilian); TXV-200 ("Spillway section at Lost
Creek Lake"), Texas, USA.

DISCUSSION

The studied bryozoan assemblage from the
Finis Shale Member, Graham Formation, Pennsyl-
vanian (Virgilian) at Lost Creek Lake, Texas, USA,
contains 19 species. It includes four cystoporates:
Fistulipora nodulifera, Eridopora beilensis, Cystod-
ictya formosa, and Goniocladia grahamensis; a
single trepostome: Dyscritella felixi n. sp.; two
rhabdomesine cryptostomes: Rhombopora lepido-
dendroides and Streblotrypa (Streblotrypa) multi-
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pora; and 12 fenestrates: Rhombocladia delicata,
Chainodictyon minor, Fabifenestella compactilis,
Laxifenestella placida, L. texana n. sp., Cavernella
praecavifera, Acupipora elliptica, Polypora triangu-
laris, P. aff. hexagona, Septopora blanda, Pennire-
tepora flexistriata, and P. oculata. The fauna is of
significance in a number of respects: firstly, the
material allowed for a comprehensive investigation
of both external and internal morphology on
account of its excellent preservation. Secondly,
abundant material was collected from two profiles
through the upper part of the Finis Shale that per-
mitted the documentation of the distribution of
bryozoan species, and their growth forms within
the member. Thirdly, the identified taxa indicated

relationships to other palaeogeographical units of
the Pennsylvanian.

Morphology

Moore (1929) published a comprehensive
study of a bryozoan fauna from the Wayland Shale
of the Upper Graham Formation in north-central
Texas. He described 65 species and varieties,
including 12 cystoporates, 4 trepostomes, 19 rhab-
domesines and 30 fenestrates. Unfortunately, only
a few of these descriptions were supported by the
use of thin sections, whereas none of the fenes-
trate species in that paper were investigated using
thin sections. However, this technique and method-
ology is absolutely necessary for the study of

FIGURE 19. Penniretepora oculata Moore, 1929 (A–E): A, B – branch fragment with autozooecial apertures divided by
keel with nodes (XCI 124); C, D – tangential section showing autozooecial chambers (XCI 96); E – tangential section
showing autozooecial apertures (arrow: nanozooecium) (XCI 96).



ERNST ET AL.: PENNSYLVANIAN BRYOZOAN FAUNA

36

Palaeostomata, a superorder of stenolaemate
bryozoans which occur within the Paleozoic (Wyse
Jackson and Buttler, 2015). Except for some Rus-
sian specialists (e.g., Schulga-Nesterenko, 1933,
1952, 1955; Nikiforova, 1938) thin sections had a
restricted use in the study of Palaeozoic bryozoans
until the second half of the twentieth century (e.g.,
Condra, 1902, 1903a; Girty, 1908, 1915; Elias,
1937; Elias and Condra, 1957) and especially for
the detailed investigation of fenestrate bryozoans
the use of thin section has been avoided. Moro-
zova (1974) attempted a revision of the genus
Fenestella, which included the majority of fenes-
trate bryozoans with two rows of zooecia on
branches. She recognized the importance of the
shape of zooecial chambers in mid-tangential sec-
tion as well as the presence and type of heterozo-
oecia for the discrimination of fenestrate
bryozoans. In general, it is difficult to compare
fenestrate taxa primarily established on the outer
morphology and without knowledge of their internal
morphology with those that were studied by using
thin sections. However, some external characters
as for example the type of nodes on the keel (sin-
gular or double row as in case of determination of
the genera Minilya and Fabifenestella), type of
aperture (aperture nodes, pores, stellate structure),
as well as numerical characters can be used as
indirect clues for comparison of such taxa. 

As mentioned above, the descriptions of
fenestrate taxa in Moore’s paper are quite compre-
hensive but no information on their internal mor-
phology is provided. We tried to link internal
morphological characters discovered in the thin
sections to their external morphology by the com-
parison of external and internal features. In the
case of four species of fenestrate species with
biserial arrangement of autozooecia on branches
joined by sterile dissepiments (Fabifenestella com-
pactilis, Laxifenestella placida, L. texana, and Cav-
ernella praecavifera) we found a set of external
characters usable for determination of those spe-
cies in bryozoan fragments. The following charac-
ters can be used for the separation of these
species in the studied material: node arrangement
(single or double row), node size and spacing (dis-
tance from centre to centre as well as number of
nodes per fenestrule length), shape of aperture
(presence of apertural nodes, proximal pores, or
stellate structure), number of apertures per fenes-
trule length. Additionally, such characters as the
shape of dissepiments (flat or rounded) and that of
the keel (high or low, narrow or wide) as well as the
character of the reverse side (striated, smooth, or

tuberculate) can be involved in the comparison.
Below is a synopsis of those external characters
through which the four species can be identified: 
Fabifenestella compactilis. Double row of densely
spaced nodes (average 0.14 mm apart), 2-3 aper-
tures per fenestrule length, stellate structure and
proximal pore present, flat dissepiments.
Laxifenestella placida. Single row of widely spaced
nodes (on average 0.98 mm apart), 4-5 apertures
per fenestrule length, apertures rounded with low
peristome (neither nodes nor stellate structure
present), flat dissepiments.
Laxifenestella texana. Single row of closely spaced
nodes (on average 0.19 mm apart), 3-4 apertures
per fenestrule length, apertures rounded with low
peristome and single apertural node directed into
the next fenestrule (stellate structure absent),
rounded dissepiments.
Cavernella praecavifera. Single row of moderately
spaced nodes (on average 0.34 mm apart), 2-4
apertures per fenestrule length, stellate structure
present, flat dissepiments with longitudinal striae.

Moreover, Laxifenestella texana usually pos-
sesses abundant reproductive heterozooecia (Fig-
ure 12B-C, E-F). Cavernella praecavifera is
distinguished by the presence of cavernozooecia.
They represent elongate, distally tapered, some-
what distorted pyriform cavities with their long axis
oriented parallel with branch axes (Morozova,
1974, 2001; McKinney and Wyse Jackson, 2015).
These structures are best seen in thin sections,
whereas they are generally difficult to detect exter-
nally, except in some weathered or partly
destroyed fragments (Figure 13D).

The majority of fenestrate bryozoans in the
Finis Shale possess apparent reproductive hetero-
zooecia which represent rounded chambers
attached at the proximal end of a vestibule. They
correspond to the “type C ovicell” of Bancroft
(1986a), who described them as small, rounded
cavities representing distal extensions of autozo-
oecial vestibules. Such heterozooecia are found in
many fenestrate taxa from the Devonian to Perm-
ian (e.g., Southwood, 1985; Tavener-Smith, 1966).
In weathered material they appear often as
rounded depressions attached to apertures (Figure
12E). In well-preserved specimens, complete
chambers are visible (Figures 12F, 16A-C).

Another type of heterozooecia often found in
fenestrate taxa represents secondary nanozooecia
(Bancroft 1986b). These are perforated terminal
diaphragms (Figures 12G, 15A, 16D, E, 18E). They
are compared with similar structures in modern
cyclostomes, and their apparent function could be
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cleaning of the surface by action of a long single
tentacle (Silén and Harmelin, 1974). Secondary
nanozooecia were observed in Laxifenestella tex-
ana, Acupipora elliptica, Polypora triangularis,
Polypora aff. hexagona, and Penniretepora ocu-
lata. 

Stellate structures represent variably devel-
oped scallops around the aperture margin, with the
septa between adjacent scallops pointed toward
the midpoint of the aperture (Figures 10D-E, 18E-
G). These are usually eight septae, but a range
from six to 16 septae is known (McKinney and
Wyse Jackson, 2015). Their function is unclear as
the structure appears only sporadically in many
taxa. It is assumed that they may represent a stage
of ontogenetic development of a zooecium. All the
stellate structures in Finis Shale bryozoans are
composed of eight septae. They occur in Fabi-
fenestella compactilis, Cavernella dvinensis, and in
Penniretepora flexistriata. 

Three of the fenestrates described here, pos-
sess structures called “proximal pores”: Fabi-
fenestella compactilis, Polypora triangularis, and
Penniretepora flexistriata. Such pores are found
consistently in various fenestrate taxa (e.g., McKin-
ney and Wyse Jackson, 2015). In some taxa the
pore is not completely closed by skeletal material
forming a kind of a fossula (Gautier et al., 2013;
Figure 16E-F). Their apparent function is assumed
to facilitate the exchange of gases with the external
environment, hydrostatic compensation, or as pas-
sageway for fecal products. 

Palaeoecology

The studied bryozoan assemblage contains
species with various growth forms, which can be
summarized as encrusting unilaminar (Fistulipora
nodulifera, Eridopora beilensis, Dyscritella felixi),
erect ramose (Cystodictya formosa, Rhombopora
lepidodendroides, Streblotrypa (Streblotrypa) multi-
pora, Rhombocladia delicata), erect reticulate
robust (Goniocladia grahamensis, Chainodictyon
minor, Acupipora elliptica, Polypora triangularis, P.
aff. hexagona), erect reticulate delicate (Fabi-
fenestella compactilis, Laxifenestella placida, L.
texana, Cavernella praecavifera, Septopora
blanda), and erect pinnate (Penniretepora flexistri-
ata, P. oculata). The term “reticulate” is used here
instead of the popular definition “fenestrate” (cf.
Nelson et al., 1988; Amini et al., 2004; Taylor and
James, 2013) in order to avoid confusion in regard
to the taxonomic unit (Order Fenestrata). 

It is noteworthy that pronounced robust bryo-
zoan species are absent in the two sections of the

Finis Shale. Of the robust reticulate bryozoans, the
taxa with branch width exceeding 0.5 mm are most
abundant. Cystodictya formosa and Rhombopora
lepidodendroides are the most robust taxa with
branches which do not exceed 1.5 mm in diameter.
In the majority of encrusting Fistulipora nodulifera
and Eridopora beilensis the layer thickness does
not exceed 1 mm, whereas Dyscritella felixi has
colony thickness less than 0.5 mm. 

Among the branching forms, Rhombopora
lepidodendroides and Streblotrypa (Streblotrypa)
multipora can be distinguished on account of the
cylindrical form of the colony, with apertures open-
ing around the stem. Cystodictya formosa pos-
sesses lancet- or strap-shaped bifoliate stems, with
apertures opening on both sides of bifoliate-sym-
metrical branches (Figure 6B). Such colonies are
also called “palmate” (Taylor and James, 2013).
Rhombocladia delicata has a ramose colony pro-
duced by stems in which zooecia bud in one plane
with apertures opened onto only one side of a flat-
tened branch (Figure 9A-B). 

In the erect reticulate robust group, Goniocla-
dia grahamensis and Chainodictyon minor have
reticulate colonies produced by fusing of branches
(reteporiform after Stach, 1936). Branches of
Goniocladia are bifoliate-symmetrical, with autozo-
oecial apertures opening into the space of fenes-
trules (Figure 6C). In contrast, branches of
Chainodictyon have the same form as those in
Rhombocladia but are fused to form a reticulate
meshwork (Figure 9E). 

The reticulate robust taxa Acupipora elliptica,
Polypora triangularis, and P. aff. hexagona, as well
as the reticulate delicate Fabifenestella compacti-
lis, Laxifenestella placida, L. texana, and Cav-
ernella praecavifera possess classical colonies
produced by branches joined by sterile dissepi-
ments (e.g., Figures 10C, 11C-D, 12D, G-H, 14E,
16H). The species Septopora blanda possesses
colonies produced by pinnate branches which are
connected by fusion of lateral pinnae (Figures 17F-
H). The pinnate Penniretepora flexistriata and P.
oculata represent colonies consisting of a wider
main branch with narrower lateral branches (Fig-
ures 18D, 19A). 

The colony form is an important morphological
feature of bryozoans. In rare cases it can vary
within species, but otherwise is firmly determinate
(e.g., Hageman et al., 1997, 1998). The shape of
the colony is significant for feeding and support
(resistance against physical impacts) (e.g., Cowen
and Rider, 1972; McKinney and Jackson, 1989;
Taylor and James, 2013; Taylor, 2020). Bryozoan
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colonies, with some constraints, may thus be
regarded as very important instrument for palaeo-
ecological studies (e.g., Stach, 1936; Schopf,
1969; Nelson et al., 1988; Hageman et al., 1997,
1998; Amini et al., 2004). 

Distribution of the five main growth forms
(encrusting, ramose, reticulate delicate and robust,
pinnate) in both of the studied profiles displays cer-
tain patterns. The erect growth forms clearly domi-
nate in this assemblage (Figure 20). In total,
bryozoans become more robust in the upper levels
of the profiles. This pattern does not seem to have
been influenced by selective taphonomic pro-
cesses (e.g., Smith et al., 1992; Smith and Nelson,
1994). The studied material shows no or very few
traces of abrasion or dissolution. In these samples
smaller and more fragile skeletal fragments occur,
e.g., diverse echinoderms or foraminifers which
would disappear if mechanical and chemical
destruction had been strong. The Finis Shale was
deposited in the tropical to subtropical realm
(https://deeptimemaps.com/north-america/), there-
fore, dissolution of zoaria can be discounted as a
taphonomic process (Smith et al., 1992).

Encrusting Fistulipora nodulifera and Erido-
pora beilensis, both quite robust species, appear in
samples B14 (Fistulipora) and B15 (Eridopora) of
profile B, and in samples C9 (Eridopora) and C11
(Fistulipora) of profile C. Robust Polypora triangu-
laris is most abundant in the upper part of profile B
(especially in B15-B20). 

Ramose and pinnate taxa are rather evenly
distributed, but they show a distinct taxonomic
shift. Ramose Cystodictya formosa dominates in
the lower half of the profiles, whereas the abun-
dance of Rhombopora lepidodendroides increases
in the upper part. Cystodictya formosa is very rare
in the uppermost part of the profile B (B18-B20).
This change occurs quite abruptly. The species
Penniretepora oculata gradually replaces P. flexis-
triata in the profile, a trend observed in both pro-
files. The abundance of reticulate growth forms,
both robust and delicate, increases against that of
the ramose ones in the upper parts of profiles. 

Observed patterns can be interpreted as con-
sequences of environmental changes. The occur-
rence of encrusting growth forms and overall
increase of robustness may indicate shallowing
and increase of water energy (e.g., Nelson et al.,
1988; Amini et al., 2004). Additionally, several frag-
ments of tabulate corals were found in the profile
B16 (Graham Young, pers. comm. 2021). Along
with the observed changes in the distribution of
bryozoan growth forms the presence of a trans-

gressive-regressive cycle suggested by Lobza et
al. (1994) can be confirmed.

Numerical Estimation of the Faunal 
Composition

Determining and counting of the number of
bryozoans in the studied material is tied with some
reservations. Firstly, this material is mostly repre-
sented by bryozoan fragments rather than by com-
plete colonies. Only Dyscritella felixi is found
almost exclusively as complete (Figure 6F). Fistuli-
pora nodulifera and Eridopora beilensis are partly
represented by complete colonies (Figure 4D), oth-
erwise these are recovered as quite large frag-
ments. All other bryozoans occur in form of
fragments of various sizes. Presumably, robust col-
onies are broken in fewer (and usually larger) frag-
ments than the delicate ones; otherwise, the robust
colonies might be larger than the delicate colonies.
Therefore, the number of fragments counted has
only limited use for the estimation of the species
richness and common indices of local diversity
such as Shannon index and Fisher’s α (Figure 21)
that generally describe relationship between the
number of species and the number of individuals in
those species (Hammer et al., 2001). 

Secondly, the studied material contains differ-
ent amounts of bryozoan fragments within the sin-
gle samples. The amount of rock material
dissolved is constant for all samples. The bryozoan
content in the samples increases strongly in the
upper part of the profile. Whereas the samples B1-
B10 and C1-C9 usually contain fewer than 100
fragments each, the samples from higher level
often contain up to several thousand fragments.
Counting of such numbers of fragments appeared
unfeasible, therefore, a representative portion of
these samples was taken for counting. The results
are summarized in the Tables 1 and 2 in which
samples with more than one species are included.
These estimations show that bryozoan richness
and diversity increase in the profiles (Figure 21).
The highest richness is observed at the level of
B16-B17 and C14-C15. These data correspond
also to the highest number of bryozoan fragments
in those samples (not quantified but visually esti-
mated). 

Fragments of Cystodictya formosa are most
abundant throughout the studied profiles found in
all samples. However, its fragments become rare in
the uppermost part of the profile B (samples B18-
B20; Table 1). Fragments of Rhombopora lepido-
dendroides are also quite common occurring in
most samples. 
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FIGURE 20. Distribution of bryozoan growth forms (number of fragments) within the profiles B and C (samples B1-B4
contained almost no bryozoans).
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FIGURE 21. Bryozoan diversity indices in profiles B and C (species richness, Shannon index, and Fisher’s α). Diver-
sity indices were counted using PAST version 1.81 (Hammer et al., 2001).
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Fragments of pinnate bryozoans are quite
abundant throughout the section, but these taxa
show a taxonomic shift (see above). Fragments of
encrusting cystoporates Fistulipora nodulifera and
Eridopora beilensis occur in the upper parts of the
profiles (see above).

Colonies and fragments of Dyscritella felixi,
Chainodictyon minor, Laxifenestella placida, and
Septopora blanda are relatively common through-
out the sections, whereas fragments of Fabi-
fenestella compactilis, Cavernella praecavifera,
Acupipora elliptica, and Polypora aff. hexagona
tend to be more abundant in the upper part of the
profiles. Abundant fragments of Laxifenestella tex-
ana are found in the lower half of the profiles but
are completely missing in the upper part of the pro-
file B. Fragments of Polypora triangularis are com-
mon in the majority of samples, and especially
abundant in the upper part of the profile B.

Fragments of Goniocladia grahamensis,
Rhombocladia delicata, and Streblotrypa (Stre-
blotrypa) multipora are very rare in the studied
material tending to occur in the upper part of the
profiles. 

Palaeobiogeography

The bryozoan fauna from the Finis Shale dis-
plays palaeobiogeographic relationships mainly
within the North American region. Five species are
endemic in the Graham Formation of Texas: Cysto-
dictya formosa, Goniocladia grahamensis,
Dyscritella felixi, Laxifenestella placida, and L. tex-
ana. Polypora aff. hexagona is the species tenta-
tively compared with the species Polypora
hexagona, which is only known from the Graham
Formation and might represent a sixth endemic
taxon. 

Ten species are distributed in the Pennsylva-
nian of North America. Fistulipora nodulifera was
found in the Pennsylvanian (Desmoinesian) of
Mexico and New Mexico. Eridopora beilensis was
originally found in the Pennsylvanian (Virgilian) of
Kansas. Streblotrypa (Streblotrypa) multipora was
recorded from the Pennsylvanian (Desmoinesian)
of Oklahoma, USA. Chainodictyon minor was pre-
viously known from the Pennsylvanian of Illinois.
Fabifenestella compactilis was originally recorded
from the Pennsylvanian (Virgilian) of Nebraska.
Polypora triangularis is known from the Pennsylva-

TABLE 1. Number of bryozoan fragments counted in the profile B.

B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20

Fistulipora nodulifera - - - - - - - - - 2 - 20 - 5 - 3

Eridopora beilensis - - - - - - - - - - 3 28 11 8 25 34

Cystodictya formosa 21 24 57 5 32 14 60 40 51 39 53 37 39 2 2 1

Goniocladia grahamensis - - - - - - - - - - - - - 2 1 -

Dyscritella felixi 4 5 1 1 2 5 4 2 4 1 - 2 2 1 1 -

Rhombopora lepidodendroides 4 13 4 1 8 2 5 9 - 4 7 10 17 29 15 8

Streblotrypa (Streblotrypa) multipora - - - - - - - - - - - 7 - - - -

Rhombocladia delicata - - - - - - - - - - 4 - 3 - - -

Chainodictyon minor 13 8 6 1 4 4 5 7 55 3 4 13 9 - - -

Fabifenestella compactilis - - 6 - - - - 1 - 3 4 3 2 13 10 8

Laxifenestella placida 1 2 3 6 15 2 - - - 1 - 1 11 6 18 4

Laxifenestella texana 3 5 - 16 7 3 3 4 3 4 - - - - - -

Cavernella praecavifera - - - - - 6 5 3 - - - - 4 9 32 21

Acupipora elliptica - - - - 2 - - - - - 2 3 5 6 20 2

Polypora triangularis 2 - 9 4 4 3 6 5 7 1 29 26 9 29 30 33

Polypora aff. hexagona - - - - - - - - - - 2 6 1 1 1 -

Septopora blanda 4 - 11 4 5 4 9 9 4 7 5 4 2 10 11 5

Penniretepora flexistriata 52 81 31 10 24 23 8 17 15 11 6 6 31 - - 1

Penniretepora oculata 2 1 - 1 1 - - - - - 25 31 25 15 18 19

Total fragments 106 139 128 49 104 66 105 97 139 76 144 197 171 136 184 139

Total species: 10 8 9 10 11 10 9 10 7 11 12 15 15 14 13 12
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nian (Virgilian) of Kansas and Texas, USA. Sep-
topora blanda is known from the Pennsylvanian
(Missourian to Virgilian) of Oklahoma and Texas.
Penniretepora flexistriata was previously known
from the Early Virgilian to late Wolfcampian of Kan-
sas, USA. Penniretepora oculata was also
recorded from the Pennsylvanian of Oklahoma.
The species Acupipora elliptica is known from the
Pennsylvanian (Missourian) of Kansas and Okla-
homa, as well as from the Pennsylvanian (Virgilian)
of Kansas and Texas. Additionally, the genus Acu-
pipora is also known with one species from the
Pennsylvanian (Desmoinesian) of Mexico and from
the Pennsylvanian (Gzhelian) of Russia, respec-
tively.

Three species from the studied bryozoan
assemblage were also recorded outside of the
American realm. Rhombopora lepidodendroides is
widely distributed in the Pennsylvanian of North
America, with a few records from the lower Perm-
ian of USA. Moreover, this species is also known
from the Pennsylvanian of Europe (NW Spain). A
single record of this species was documented from
the Pennsylvanian of South America (Bolivia).

Rhombocladia delicata has wide distribution
in the Pennsylvanian of North America and Europe
(Italy, Spain). 

Cavernella praecavifera was previously
known from the Upper Pennsylvanian (Kasimov-
ian) of Russia. The genus Cavernella is distributed
from the Pennsylvanian (Moscovian) to the upper
Permian of Eurasia. It includes 13 genera, from
which four are known from the Pennsylvanian of
Russia and Hungary. The Permian species of Cav-
ernella are known from Russia, Mongolia, and
China. Cavernella praecavifera is the first species
of this genus identified in North America.

CONCLUSIONS

The faunal association of bryozoans from the
Finis Shale displays relatively high diversity and
abundance. The studied bryozoan fauna shows
exceptional preservation and was studied through
a combination of the examination and characterisa-
tion of external and internal morphology in detail.
The distribution of bryozoan growth forms indicates
gradual shallowing in the profiles and supports the
assumption of a transgressive-regressive cycle in
the Finis Shale (e.g., Lobza et al., 1994). Richness,

TABLE 2. Number of bryozoan fragments counted in the profile C.

C1 C2 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15

Fistulipora nodulifera - - - - - - - - - 2 - 3 5 1

Eridopora beilensis - - - - - - - 1 1 2 - 1 10 6

Cystodictya formosa 5 1 15 33 24 24 34 46 52 28 48 29 22 24

Goniocladia grahamensis - - - - - - - - - - - - - -

Dyscritella felixi 1 - - 1 - 2 3 2 7 7 4 4 3 4

Rhombopora lepidodendroides - - 1 20 3 6 14 10 7 2 16 4 12 12

Streblotrypa (Streblotrypa) multipora - - - - - - - - - - - 1 - -

Rhombocladia delicata - - - - - - - - - - - - 3 3

Chainodictyon minor - - 3 - 3 6 7 6 12 7 6 15 10 3

Fabifenestella compactilis - - - - 2 - - - 1 3 7 4 3 3

Laxifenestella placida - - - - - - - - 4 - - 1 2 1

Laxifenestella texana 2 5 4 5 - 1 2 - 1 4 7 1 - -

Cavernella praecavifera - - 1 - - - - 6 - - - - - 2

Acupipora elliptica - 3 - - - - - - - - - - 2 4

Polypora triangularis 4 3 - - 2 2 1 - 3 10 6 10 6 14

Polypora aff. hexagona - - - - - 5 - - - - - - 1 -

Septopora blanda 2 4 1 5 10 4 21 2 7 25 8 4 1 3

Penniretepora flexistriata 25 5 25 5 10 7 5 4 5 12 9 3 5 8

Penniretepora oculata - - - - - 1 - - 1 20 23 16 17 20

Total fragments 39 21 50 69 54 58 87 77 101 122 134 96 102 108

Total species: 6 6 7 6 7 10 8 8 12 12 10 14 15 15
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abundance, and α-diversity support the conclusion
of a shallowing sea. The bryozoan fauna from the
studied locality displays palaeobiogeographic rela-
tions mainly within the North American region.
However, five species are endemic to the Graham
Formation of Texas whereas only three species are
reported outside of the American realm, identifying
relations with contemporary strata in Europe (Italy,
Spain, Russia).
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APPENDIX

Descriptive statistics (raw data are summarized in Supplementary Material). Abbreviations: N = number of measure-
ments; X = mean; SD = sample standard deviation; CV = coefficient of variation; MIN = minimal value; MAX = maximal 
value.

Fistulipora nodulifera Meek, 1872 (three colonies measured). 

Eridopora beilensis Perkins & Perry in Perkins et al., 1962 (three colonies measured). 

Cystodictya formosa Moore, 1929 (five colonies measured).

Goniocladia grahamensis Moore, 1929 (two fragments measured). 

Dyscritella felixi n. sp. (two colonies measured). 

N X SD CV MIN MAX

Autozooecial aperture width, mm 42 0.30 0.027 8.94 0.22 0.35

Autozooecial aperture spacing, mm 42 0.48 0.046 9.61 0.40 0.60

Vesicle diameter, mm 30 0.11 0.023 21.88 0.05 0.15

Vesicles per aperture 25 12.4 1.121 9.01 10.0 15.0

Vesicle spacing, mm 20 0.09 0.019 21.59 0.05 0.12

N X SD CV MIN MAX

Autozooecial aperture width, mm 27 0.30 0.046 15.30 0.21 0.39

Autozooecial aperture spacing, mm 29 0.42 0.041 9.78 0.35 0.50

Vesicle diameter, mm 25 0.07 0.017 22.90 0.05 0.10

Vesicle spacing, mm 10 0.06 0.014 22.34 0.04 0.08

N X SD CV MIN MAX

Branch width, mm 13 0.97 0.243 25.15 0.58 1.44

Branch thickness, mm 12 0.68 0.165 24.35 0.40 0.94

Autozooecial aperture width, mm 30 0.14 0.024 16.90 0.10 0.18

Autozooecial aperture spacing along branch, mm 30 0.59 0.070 12.00 0.47 0.72

Autozooecial aperture spacing diagonally, mm 30 0.31 0.052 16.85 0.23 0.42

Vesicle diameter, mm 10 0.06 0.007 11.84 0.05 0.07

N X SD CV MIN MAX

Branch width, mm 5 0.61 0.069 11.36 0.54 0.70

Autozooecial aperture width, mm 8 0.14 0.022 16.09 0.11 0.16

Autozooecial aperture spacing, mm 11 0.45 0.104 22.86 0.30 0.60

N X SD CV MIN MAX

Autozooecial aperture width, mm 20 0.19 0.020 10.59 0.15 0.24

Autozooecial aperture spacing, mm 20 0.26 0.030 11.32 0.23 0.35

Acanthostyle diameter, mm 20 0.037 0.008 22.52 0.025 0.053

Acanthostyles per aperture 8 5.9 0.835 14.20 5.0 7.0

Exilazooecia width, mm 20 0.07 0.019 26.89 0.04 0.10

Exilazooecia per aperture 10 2.5 0.972 38.87 1.0 4.0
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Rhombopora lepidodendroides Meek, 1872 (five colonies measured). 

Streblotrypa (Streblotrypa) multipora Warthin, 1930 (five colonies measured). 

Rhombocladia delicata Rogers, 1902 (five colonies measured). 

Chainodictyon minor Ulrich, 1890 (two colonies measured). 

Exozonal wall thickness, mm 10 0.042 0.007 15.63 0.033 0.055

N X SD CV MIN MAX

Branch width, mm 7 1.05 0.286 27.34 0.73 1.48

Exozone width, mm 7 0.29 0.083 28.21 0.19 0.40

Endozone width, mm 7 0.46 0.142 30.84 0.27 0.68

Autozooecial aperture width, mm 40 0.15 0.017 11.55 0.11 0.18

Autozooecial aperture spacing along branch, mm 40 0.47 0.049 10.42 0.37 0.58

Autozooecial aperture spacing diagonally, mm 40 0.28 0.030 10.68 0.23 0.35

Acanthostyle diameter, mm 35 0.049 0.007 14.38 0.038 0.063

Aktinotostyle diameter, mm 35 0.028 0.009 32.83 0.015 0.050

Metazooecia width, mm 10 0.052 0.011 20.69 0.041 0.074

N X SD CV MIN MAX

Branch width, mm 10 0.58 0.090 15.36 0.43 0.76

Exozone width, mm 5 0.16 0.044 28.16 0.10 0.20

Endozone width, mm 5 0.28 0.086 30.99 0.19 0.38

Axial bundle width, mm 3 0.13 0.020 15.38 0.11 0.15

Autozooecial aperture width, mm 15 0.08 0.011 13.94 0.07 0.11

Autozooecial aperture spacing along branch, mm 15 0.50 0.055 11.05 0.39 0.59

Autozooecial aperture spacing diagonally, mm 13 0.28 0.030 10.81 0.24 0.34

Metazooecia width, mm 10 0.03 0.009 27.69 0.02 0.04

Metazooecia per aperture 10 8 0.876 10.81 7 10

N X SD CV MIN MAX

Branch width, mm 9 0.92 0.106 11.54 0.74 1.07

Branch thickness, mm 5 0.49 0.059 11.99 0.40 0.55

Autozooecial aperture width, mm 10 0.12 0.009 7.99 0.10 0.14

Autozooecial aperture spacing along branch, mm 10 0.41 0.028 6.96 0.35 0.44

Autozooecial aperture spacing diagonally, mm 10 0.24 0.015 6.24 0.22 0.26

Node diameter, mm 10 0.049 0.013 27.30 0.033 0.065

N X SD CV MIN MAX

Branch width, mm 12 0.46 0.137 29.61 0.30 0.79

Autozooecial aperture width, mm 20 0.10 0.011 10.60 0.09 0.13

Autozooecial aperture spacing along branch, mm 20 0.45 0.084 18.86 0.32 0.57

Autozooecial aperture spacing diagonally, mm 20 0.28 0.037 13.32 0.21 0.35

Leptozooecia width, mm 10 0.042 0.010 23.27 0.030 0.055
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Fabifenestella compactilis (Condra, 1902) (two colonies measured). 

Laxifenestella placida Moore, 1929 (four colonies measured). 

Laxifenestella texana n. sp. (five colonies measured) 

N X SD CV MIN MAX

Branch width, mm 13 0.32 0.033 10.30 0.28 0.37

Dissepiment width, mm 15 0.18 0.025 14.44 0.14 0.22

Fenestrule width, mm 15 0.21 0.037 17.89 0.15 0.27

Fenestrule length, mm 15 0.51 0.098 19.45 0.38 0.63

Distance between branch centres, mm 15 0.51 0.097 19.17 0.25 0.60

Distance between dissepiment centres, mm 15 0.67 0.097 14.44 0.55 0.81

Autozooecial aperture width, mm 25 0.08 0.006 8.35 0.07 0.09

Autozooecial aperture spacing along branch, mm 25 0.28 0.019 6.84 0.24 0.31

Autozooecial aperture spacing diagonally, mm 25 0.27 0.023 8.49 0.23 0.32

Keel node diameter, mm 15 0.05 0.005 9.68 0.04 0.06

Node spacing, mm 15 0.14 0.013 9.17 0.12 0.16

Apertures per fenestrule length 15 2.5 0.516 20.38 2.0 3.0

N X SD CV MIN MAX

Branch width, mm 25 0.45 0.055 12.15 0.32 0.54

Dissepiment width, mm 25 0.30 0.088 29.03 0.18 0.52

Fenestrule width, mm 30 0.43 0.054 12.63 0.30 0.53

Fenestrule length, mm 30 1.08 0.129 11.91 0.82 1.35

Distance between branch centres, mm 25 0.85 0.090 10.60 0.70 1.03

Distance between dissepiment centres, mm 30 1.41 0.138 9.79 1.20 1.65

Autozooecial aperture width, mm 40 0.10 0.013 13.30 0.072 0.120

Autozooecial aperture spacing along branch, mm 40 0.30 0.025 8.33 0.25 0.35

Autozooecial aperture spacing diagonally, mm 40 0.34 0.036 10.43 0.28 0.42

Maximum chamber width, mm 30 0.15 0.022 14.64 0.11 0.18

Keel node diameter, mm 15 0.09 0.013 14.02 0.07 0.12

Node spacing, mm 10 0.98 0.295 30.04 0.66 1.50

Apertures per fenestrule length 15 4.5 0.516 11.39 4.0 5.0

N X SD CV MIN MAX

Branch width, mm 20 0.27 0.032 11.71 0.23 0.34

Dissepiment width, mm 20 0.21 0.052 24.68 0.12 0.33

Fenestrule width, mm 20 0.27 0.041 15.31 0.20 0.33

Fenestrule length, mm 20 0.60 0.066 10.95 0.44 0.70

Distance between branch centres, mm 20 0.52 0.072 13.85 0.37 0.67

Distance between dissepiment centres, mm 20 0.81 0.064 7.93 0.73 0.97

Autozooecial aperture width, mm 40 0.08 0.009 10.97 0.07 0.09

Autozooecial aperture spacing along branch, mm 40 0.24 0.013 5.39 0.23 0.30

Autozooecial aperture spacing diagonally, mm 40 0.24 0.017 7.28 0.20 0.27

Maximum chamber width, mm 12 0.10 0.011 10.82 0.08 0.11

Keel node diameter, mm 10 0.04 0.006 15.97 0.03 0.05

Node spacing, mm 20 0.19 0.020 10.40 0.16 0.24
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Cavernella praecavifera (Schulga-Nesterenko, 1951) (five colonies measured). 

Acupipora elliptica (Rogers, 1900) (five colonies measured). 

Polypora triangularis Rogers, 1900 (six colonies measured). 

Apertures per fenestrule length 20 3.2 0.410 12.82 3.0 4.0

Diameter of reproductive heterozooecia, mm 20 0.14 0.012 8.89 0.11 0.16

N X SD CV MIN MAX

Branch width, mm 21 0.23 0.028 12.24 0.19 0.29

Dissepiment width, mm 35 0.14 0.016 11.06 0.11 0.19

Fenestrule width, mm 25 0.28 0.048 17.11 0.19 0.39

Fenestrule length, mm 25 0.62 0.053 8.57 0.53 0.71

Distance between branch centres, mm 25 0.49 0.076 15.44 0.37 0.63

Distance between dissepiment centres, mm 35 0.77 0.037 4.83 0.67 0.84

Autozooecial aperture width, mm 20 0.09 0.007 8.05 0.08 0.10

Autozooecial aperture spacing along branch, mm 20 0.24 0.018 7.67 0.20 0.27

Autozooecial aperture spacing diagonally, mm 20 0.22 0.014 6.37 0.20 0.25

Maximum chamber width, mm 35 0.11 0.009 8.55 0.09 0.13

Keel node diameter, mm 15 0.05 0.011 20.78 0.04 0.07

Node spacing, mm 15 0.34 0.038 10.97 0.28 0.42

Apertures per fenestrule length 30 3.0 0.490 16.16 2.0 4.0

Cavernozooecia width, mm 20 0.08 0.016 20.26 0.06 0.10

N X SD CV MIN MAX

Branch width, mm 20 0.49 0.068 14.07 0.36 0.60

Dissepiment width, mm 25 0.31 0.080 25.41 0.18 0.45

Fenestrule width, mm 25 0.42 0.076 17.94 0.27 0.60

Fenestrule length, mm 24 0.85 0.073 8.64 0.70 0.99

Distance between branch centres, mm 23 0.88 0.135 15.24 0.65 1.15

Distance between dissepiment centres, mm 28 1.17 0.132 11.28 0.96 1.43

Autozooecial aperture width, mm 55 0.09 0.007 8.16 0.08 0.11

Autozooecial aperture spacing along branch, mm 55 0.26 0.024 8.99 0.22 0.32

Autozooecial aperture spacing diagonally, mm 55 0.22 0.027 12.45 0.16 0.29

Maximum chamber width, mm 46 0.11 0.012 11.05 0.09 0.13

Keel node diameter, mm 30 0.053 0.010 18.36 0.035 0.083

Node spacing, mm 31 0.25 0.043 17.34 0.14 0.32

Apertures per fenestrule length 25 4.1 0.640 15.69 3.0 5.0

N X SD CV MIN MAX

Branch width, mm 20 0.82 0.127 15.41 0.54 1.03

Dissepiment width, mm 20 0.42 0.069 16.60 0.30 0.60

Fenestrule width, mm 20 0.89 0.188 21.14 0.54 1.26

Fenestrule length, mm 20 2.78 0.290 10.42 2.30 3.25

Distance between branch centres, mm 20 1.77 0.223 12.60 1.40 2.20

Distance between dissepiment centres, mm 20 3.17 0.241 7.62 2.80 3.50

Autozooecial aperture width, mm 40 0.10 0.010 10.89 0.08 0.12
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Polypora aff. hexagona Moore, 1929 (three colonies measured). 

Septopora blanda Moore, 1929 (five colonies measured). 

Penniretepora flexistriata Richards, 1959 (eleven colonies measured). 

Autozooecial aperture spacing along branch, mm 40 0.38 0.040 10.64 0.30 0.46

Autozooecial aperture spacing diagonally, mm 40 0.25 0.018 6.95 0.23 0.29

Maximum chamber width, mm 40 0.15 0.016 11.05 0.10 0.17

Apertures per fenestrule length 15 8.1 1.187 14.60 7.0 10.0

Diameter of reproductive heterozooecia, mm 20 0.23 0.035 15.06 0.18 0.30

N X SD CV MIN MAX

Branch width, mm 6 0.53 0.142 26.72 0.38 0.70

Dissepiment width, mm 10 0.39 0.084 21.73 0.30 0.52

Fenestrule width, mm 10 0.57 0.061 10.75 0.48 0.70

Fenestrule length, mm 10 1.33 0.095 7.17 1.25 1.50

Distance between branch centres, mm 6 1.19 0.192 16.15 1.00 1.45

Distance between dissepiment centres, mm 9 1.70 0.105 6.15 1.60 1.94

Autozooecial aperture width, mm 30 0.10 0.011 11.27 0.08 0.11

Autozooecial aperture spacing along branch, mm 30 0.31 0.026 8.56 0.26 0.36

Autozooecial aperture spacing diagonally, mm 30 0.24 0.021 9.13 0.20 0.27

Maximum chamber width, mm 30 0.11 0.007 6.27 0.10 0.13

Apertures per fenestrule length 9 5.6 0.527 9.49 5.0 6.0

Node diameter, mm 14 0.051 0.008 15.40 0.040 0.065

N X SD CV MIN MAX

Branch width, mm 16 0.41 0.090 21.73 0.31 0.57

Dissepiment width, mm 15 0.38 0.060 15.67 0.28 0.48

Fenestrule width, mm 15 0.44 0.258 58.61 0.18 0.87

Fenestrule length, mm 15 0.84 0.158 18.72 0.61 1.10

Distance between branch centres, mm 10 0.82 0.268 32.53 0.52 1.27

Distance between dissepiment centres, mm 19 1.23 0.125 10.10 1.03 1.48

Autozooecial aperture width, mm 40 0.11 0.014 12.70 0.10 0.15

Autozooecial aperture spacing along branch, mm 40 0.29 0.032 11.01 0.23 0.35

Autozooecial aperture spacing diagonally, mm 40 0.25 0.022 8.82 0.20 0.29

Maximum chamber width, mm 5 0.12 0.004 3.79 0.11 0.12

Cyclozooecia diameter, mm 30 0.06 0.008 11.81 0.050 0.080

N X SD CV MIN MAX

Main branch width, mm 20 0.30 0.056 18.44 0.22 0.43

Lateral branch width, mm 25 0.17 0.028 16.37 0.12 0.24

Lateral branch spacing, mm 50 0.70 0.067 9.62 0.59 0.85

Lateral branch diverging angle 20 72.2 5.509 7.63 59.0 82.0

Autozooecial aperture width, mm 45 0.07 0.007 10.97 0.06 0.08

Autozooecial aperture spacing along branch, mm 45 0.33 0.027 8.31 0.28 0.38

Autozooecial aperture spacing diagonally, mm 45 0.25 0.018 7.13 0.22 0.28

Maximum chamber width, mm 17 0.11 0.015 13.53 0.09 0.14
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Penniretepora oculata (Moore, 1929) (seven colonies measured). 

N X SD CV MIN MAX

Main branch width, mm 20 0.37 0.049 13.47 0.27 0.49

Lateral branch width, mm 20 0.24 0.027 10.93 0.19 0.30

Lateral branch spacing, mm 45 0.81 0.061 7.51 0.68 1.00

Lateral branch diverging angle 6 74.8 5.345 7.14 68.0 81.0

Keel node diameter, mm 10 0.07 0.010 13.43 0.06 0.09

Node spacing, mm 20 0.77 0.153 19.79 0.58 1.08

Autozooecial aperture width, mm 25 0.07 0.008 11.57 0.05 0.08

Autozooecial aperture spacing along branch, mm 25 0.39 0.027 6.86 0.34 0.44

Autozooecial aperture spacing diagonally, mm 25 0.27 0.030 11.13 0.22 0.34

Maximum chamber width, mm 20 0.11 0.012 10.88 0.09 0.13
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SUPPLEMENTARY MATERIAL

Raw measured data for descriptive statistics of the described bryozoans from the Finis Shale (spreadsheet available in 
zipped file for download at https://palaeo-electronica.org/content/2022/3608-pennsylvanian-bryozoan-fauna).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


