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A stenolaemate bryozoan fauna from the lower Silurian (Wenlock) Steinsfjorden Formation of the Ringerike district,
southern Norway contains 10 species (2 cystoporates, 6 trepostomes, and 2 cryptostomes). Six species are new:
Heterotrypa ringerikensis sp. nov., Trematopora maculata sp. nov., Amplexopora crassiparietum sp. nov., A. evae sp.
nov., Orthopora worsleyi sp. nov., and Mediaporina kiaeri sp. nov. One species is described in open nomenclature:
Eridotrypella sp. Trepostome bryozoans dominate this assemblage, both by diversity and abundance. The bryozoans oc-
cur in carbonates associated with evaporite minerals and sedimentary structures indicating very shallow depositional
settings. • Key words: lower Silurian, Bryozoa, Norway, taxonomy.
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The purpose of this study is to describe the bryozoan fauna
of the lower Wenlock Brattstad Member, Steinsfjorden
Formation of the Ringerike district, Oslo Region, Norway
(Fig. 1). The bryozoans present in these beds have been
known since the work by Kiær (1908), but they have not
until now been given a systematic treatment. The number
of previously known species is low, and their distribution
in Ringerike can add very little to the already established
biostratigraphy of the area.

The Brattstad Member (upper “Etage” 9e and 9f of
Kiær 1908) is 30 m thick in the studied areas of Nes bus
stop, Ødegårdsviken and Åsa (Fig. 2). The lithology con-
sists of medium to thickly bedded limestones with
interbedded marls and dolomitic limestones. The lime-
stones contain a relatively rich and varied fauna with thick
massive favositid and oncolitic biostromes (the “Favosites
Limestone” of Kiær 1908) near the top of the member from
which the bryozoan material derives. Kiær (1908, p. 113)
lists fossils from these beds (“Etage 9f”) in various locali-
ties in the Ringerike district, but only one bryozoan taxon,
“Monticuliporen [Amplexopora(?) sp.]”, is mentioned.
Whitaker (1977, pp. 24–26) also refers to the bryozoan-
rich beds as “polyzoan (Amplexopora)” beds. Spjeldnæs
(1982) describes the bryozoan occurrences in these beds as
“colonies ranging from only a few cm in diameter to small
bioherms with three-dimensional frameworks”. Bryozoans
are even found in the lowermost levels of the overlying red

beds of the Ringerike Group (late Wenlock to Ludlow age).
The age of the bryozoan beds are Sheinwoodian to
Homerian as based on occurrences of ostracodes and
brachiopods as well as agnathans and thelodonts (on di-
rectly overlying beds) (Worsley et al. 1983, 2011). Geo-
chemical analyses of interbedded bentonites (Hetherington
et al. 2011) support these datings.
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Alternations of marls, red argillaceous dolomites, dolomi-
tic limestones, and limestones, with occurrence of oospa-
rite, oncolites, algal laminated dolomitic limestones with
mud cracks, stromatolites as well as evaporitic minerals
(Fig. 3B) indicate developments of shallow subtidal to sup-
ratidal environments (Olaussen 1981). The fossil compo-
nents are characterized by many individuals belonging to
few taxa, notably gastropods, ostracods, brachiopods and
rare trilobites (Kiær 1908, Olaussen 1981). Tabulate corals
(Fig. 3C) and echinoderms are locally present.

The common microfacies are represented by float-
stones with abundant bryozoans (mainly trepostomes
(Fig. 3A, F), locally poorly washed rudstones (Fig. 3E),
and bryozoan and algal bindstones (Fig. 3B–D). The ma-
trix is usually micrite-rich, containing various skeletal grains
(Fig. 3G). Calcimicrobes are common on some localities,
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represented by various Girvanella and Rothpletzella spe-
cies. Microbial crusts are common, often forming oncoids
(Fig. 3C).

The faunal composition and microfacies characteristics
are reduced due to stressed conditions in an environment
with fluctuating salinities.
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Bryozoan samples were collected from the localities Nes
bus stop, Ødegårsviken and Åsa (see Fig. 1). The investiga-
ted bryozoans were studied from thin sections using
a transmitted light binocular microscope. 107 oriented
and non-oriented thin sections were used. The material is
housed at the Natural History Museum (Geology), Oslo,
under numbers PMO 221.750–221.841.

Morphological character terminology is adopted from

Anstey & Perry (1970) for trepostomes, and Hageman
(1993) for cryptostomes. The following morphologic char-
acters were measured for statistical use (Fig. 4): Branch
Width, Branch Thickness, Exo- (Endo-) zone Width, Auto-
zooecial Aperture Width, Autozooecial Aperture Spacing
(Along Branch/diagonally for cryptostomes), Acantho-
style Diameter, Lunarium Width/Length/Thickness, Vesi-
cle Diameter/Spacing/Number per Aperture, Wall Thick-
ness in Exozone, and Macular Diameter (Spacing),
Autozooecial Diaphragm Spacing, Meso- (Exila-, Hetero-)
zooecia Width, Mesozooecial Diaphragm Spacing.

The spacing of structures was measured as the distance
between centres. Additional quantitative characters in-
clude the Number of Mesozooecia, Exilazooecia and
Acanthostyles surrounding each autozooecial aperture.
Statistics were summarized using arithmetic mean, sample
standard deviation, coefficient of variation, and minimum
and maximum values.
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%& Map of the Ringerike District show-
ing sample localities and major structural fea-
tures. – Åsa locality, – Ødegårdsviken lo-
cality,        – Nes bus stop locality.

������
'& Wenlock stratigraphy of the Ringerike District (based on
Melchin et al. 2012; Worsley et al. 1983, 2011).

������
(& Carbonate microfacies of the Steinsfjorden Formation of Ringerike, southern Norway. • A – bryozoan floatstone, Nes bus stop, PMO 221.766.
• B – bryozoan bindstone (Trematopora maculata, Fistulipora nummulina). Arrow – relicts of gypsum crystals, Ødegårdsviken, PMO 221.820.
• C – coral-oncolitic floatstone, Åsa, PMO 221.813. • D – bryozoan bindstone (Trematopora maculata, Fistulipora nummulina), Ødegårdsviken,
PMO 221.824. • E – poorly washed rudstone, Ødegårdsviken, PMO 221.779. • F – bryozoan floatstone, Ødegårdsviken, PMO 221.792. • G – matrix, Nes
bus stop, PMO 221.766.
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The bryozoan colonies are generally well preserved and
show little signs of abrasion. Large, thin branches up to
5 mm in diameter are often not broken, the whole fauna has
only been transported a short distance, and they may repre-
sent time intervals of more normal marine conditions. How-
ever, they are not considered preserved in situ. The bryo-
zoans are therefore interpreted as typical for the
depositional environment in which the sediments were for-
med. The three bryozoans species previously known have a
Wenlock or Ludlow stratigraphic distribution elsewhere.
The new species described herein have many similarities
with species known from time equivalent strata in Europe
and the USA, but only further research may reveal their
biostratigraphic as well as biogeographic value.
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Phylum Bryozoa Ehrenberg, 1831
Class Stenolaemata Borg, 1926
Order Cystoporata Astrova, 1964
Family Fistuliporidae Ulrich, 1882

Genus Fistulipora M’Coy, 1849

Type species. – Fistulipora minor M’Coy, 1849. Carboni-
ferous; England.

Diagnosis. – Massive, encrusting or ramose colonies. Cy-
lindrical autozooecia with thin walls and complete dia-
phragms. Apertures rounded, possessing horse-shoe shaped
lunaria. Autozooecia separated by the extrazooecial vesi-
cular skeleton.

Comparison. – Fistulipora M’Coy, 1849 differs from Eri-
dopora Ulrich, 1882 in having rounded, horseshoe-shaped
lunaria instead of triangular ones. Furthermore, Eridopora
develops persistently encrusting colonies, whereas Fistuli-
pora may also develop massive and branched colonies.

Occurrence. – Ordovician to Permian; worldwide.

Fistulipora nummulina Nicholson & Foord, 1885
Figure 5A–E, Table 1

1885 Fistulipora nummulina Nicholson & Foord,
pp. 506–507, text-fig. 4, pl. 15, figs 2–2b.

1885 Fistulipora dobunica Nicholson & Foord, p. 511,
pl. 17, figs 3–3b.

1969 Fistulipora nummulina Nicholson & Foord, 1885. –
Owen, pp. 627–628, pl. 114, figs 1, 2.

Material. – PMO 221.756, PMO 221.758, PMO 221.790,
PMO 221.764, PMO 221.817, PMO 221.820, PMO
221.822, PMO 221.824, PMO 221.827, PMO 221.829.

Description. – Encrusting colonies, 0.25–0.85 mm in thick-
ness. Autozooecia growing from 0.002–0.008 m thick
epitheca, bending sharply at their bases towards colony
surface. Autozooecial apertures circular to oval. Basal dia-
phragms rare to absent. Lunaria well developed, horseshoe
shaped to slightly triangular, 0.06–0.08 mm wide,
0.03–0.04 mm long and 0.03–0.04 mm thick. Vesicles
abundant, 4–8 surrounding each autozooecial aperture,
irregularly shaped, medium in size, often large at the
base, polygonal in tangential section, box-like to hemi-
spheric, with plane or concave roofs in exozone. Autozo-
oecial walls granular, 0.003–0.005 mm thick. Extensive
extrazooecial material in exozone developed. Maculae
not observed.

Remarks. – Fistulipora nummulina Nicholson & Foord,
1885 is similar to F. parva Hennig, 1908 from the Wenlock
of Gotland, but differs by smaller autozooecial apertures
(aperture width 0.12–0.22 mm vs 0.22–0.25 mm in F. par-
va). Fistulipora nummulina differs from F. ternavensis
Astrova, 1965 from the lower Silurian (Wenlock) of Mol-
dova in smaller and closer spaced autozooecial apertures
(aperture width 0.12–0.22 mm vs 0.18–0.23 mm in F. ter-
navensis).

Occurrence. – Much Wenlock Limestone Formation, Silur-
ian, Wenlock, Homerian; Dudley, England. Steinsfjorden
Formation, Brattstad Member, Silurian, Wenlock, Shein-
woodian–Homerian; Nes bus stop, Ringerike, Norway.

Fistulipora crustula Bassler, 1906
Figures 5F–J, 6A, B, Table 2

1906 Fistulipora crustula Bassler, p. 24, pl. 7, figs 7–10,
pl. 8, figs 16, 17, pl. 23, fig. 15.

Material. – PMO 221.775–221.776.

�$

-�.��
%& Measurements of Fistulipora nummulina Nicholson & Foord,
1885. Abbreviations: N – number of measurements; X – mean; SD – stan-
dard deviation; CV – coefficient of variation; MIN – minimal value;
MAX – maximal value.

N X SD CV MIN MAX

Aperture width, mm 33 0.16 0.027 16.46 0.12 0.22

Aperture spacing, mm 31 0.24 0.035 14.41 0.17 0.32

Vesicle width, mm 23 0.10 0.031 32.55 0.03 0.15

Vesicle spacing, mm 25 0.10 0.028 28.98 0.06 0.15

Vesicles per aperture 8 6.0 1.414 23.57 4.0 8.0
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Description. – Encrusting colonies, 0.65–1.38 mm in thick-
ness. Autozooecia growing from 0.015–0.030 m thick
epitheca, bending sharply at their bases towards colony
surface. Autozooecial apertures circular to oval. Basal dia-
phragms rare to common, thin, deflected proximally. Lu-
naria well developed, horseshoe shaped. Vesicles irregu-
larly shaped, medium in size, polygonal in tangential
section, box-like to hemispheric, with concave roofs in
exozone, 5–11 surrounding each autozooecial aperture.
Autozooecial walls granular, 0.003–0.005 mm thick. Macu-
lae consisting of vesicular skeleton common,
0.30–0.40 mm in diameter. Macrozooecia locally occurring.

Remarks. – Fistulipora crustula Bassler, 1906 is similar to
F. crustuliformis Astrova, 1959 from the upper Silurian
(Ludlow) of Tuva (Russia), but differs from the latter in
smaller autozooecia (aperture width 0.18–0.25 mm vs
0.22–0.26 mm in F. crustuliformis).

Occurrence. – Rochester Shale, Wenlock, lower Silurian;
USA. Steinsfjorden Formation, Brattstad Member, Silur-

ian, Wenlock, Sheinwoodian–Homerian; Ødegårdsviken,
Ringerike, Norway.

Order Trepostomata Ulrich, 1882
Suborder Halloporina Astrova, 1965
Family Heterotrypidae Ulrich, 1890

Genus Heterotrypa Nicholson, 1879

Type species. – Monticulipora frondosa d’Orbigny, 1850.
Upper Ordovician (Cincinnatian); North America.

Diagnosis. – Frondose, ramose or less commonly encrusting
colonies. Autozooecial walls variably thick. Zooecial bound-
aries form a conspicuous dark line in inner exozones and in a
broad zone of abutting laminae or are completely obscured in
outer exozones. Walls generally amalgamated. Diaphragms
are generally few in endozones, but are moderately abundant
in some species. In exozones, autozooecial diaphragms are
closely and regularly spaced, thin, planar and perpendicular to

�%

������
/& Some important measurements made on the trepo-
stome and cystoporate bryozoans. Abbreviations: ADB – aperture
spacing, AW – autozooecial aperture width, LuL – lunarium
length, LuW – lunarium width, LuT – lunarium thickness, VSp –
vesicle spacing, DSp –autozooecial diaphragm spacing, MD –
meso- (exila-, hetero-) zooecial width, MDSp – mesozooecial dia-
phragms spacing, AcD – acanthostyles diameter.
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the zooecial walls. Intermonticular mesozooecia range from
abundant and regularly arranged to scattered or absent. Meso-
zooecia commonly develop moniliform chambers at proxi-
mal ends and tend to become smaller or are terminated dis-
tally within exozones. Diaphragms in mesozooecia
noticeably thicker and more closely spaced than autozooecial
diaphragms. Acanthostyles common, small to moderately
large, occurring both in endozone and exozone. Monticules
generally have a central cluster of a few mesozooecia.

Remarks. – Heterotrypa differs from the most similar genus
Dekayia Milne-Edwards & Haime, 1851 by having fewer
and smaller acanthostyles as well as more abundant meso-
zooecia.

Occurrence. – Ordovician to Devonian; worldwide.

Heterotrypa ringerikense sp. nov.
Figures 6C–F, 7A–E, Table 3

Etymology. – The species has its name after Ringerike, an
area SW of the Oslo Region, which is famous for its rich Si-
lurian bryozoan-bearing rocks.

Holotype. – PMO 202.721B.

Paratypes. – PMO 221.763, PMO 221.773-221.777, PMO
221.785–221.786, PMO 221.799, PMO 202.721(A, C–E).

Type locality. – Ødegårdsviken, Ringerike, Norway.

Type stratum. – Steinsfjorden Formation, Brattstad Mem-
ber, Silurian, Wenlock, Sheinwoodian–Homerian.

Diagnosis. – Ramose branched colonies; secondary over-
growth common; autozooecial diaphragms rare to com-
mon, thin; mesozooecia rare to common; acanthostyles
moderately large, 2–7 surrounding each autozooecial aper-
ture; macroacanthostyles present; maculae consisting of
macrozooecia.

Description. – Ramose branched colonies, branch dia-
meter 2.4–5.0 mm. Exozone distinct, 0.45–1.25 mm
wide, endozone 1.30–2.88 mm wide. Secondary over-
growth common, 0.65–1.00 mm in thickness. Autozooe-
cia long, polygonal in cross section in endozone, bend-
ing sharply in exozone. Autozooecial apertures
polygonal. Autozooecial diaphragms rare to common,
thin, concentrated mainly in the transition between exo-
and endozones. Mesozooecia rare to common, originat-
ing at base of exozone, beaded in places of development
of diaphragms. Diaphragms in mesozooecia straight.
Acanthostyles moderately large, prominent, having dis-
tinct hyaline cores, 2–7 surrounding each autozooecial
aperture. Macroacanthostyles locally present. Autozoo-
ecial walls 0.005–0.010 mm thick, granular-prismatic in
endozone; showing reversal V-shaped lamination, inte-
grated with locally visible serrated dark border between
zooecia, locally weakly monilae-shaped thickened,
0.013–0.050 mm thick in exozone. Maculae consisting
of macrozooecia.

Remarks. – Heterotrypa ringerikense sp. nov. differs from
H. enormis Astrova, 1959 from the upper Silurian (Lud-
low) of western Tuva (Russia) by larger and more abundant
acanthostyles (acanthostyle diameter 0.025–0.065 mm vs
0.03 mm in H. enormis; 2–7 acanthostyles around each
aperture vs 3–4 in H. enormis). Heterotrypa ringerikense
sp. nov. differs from H. ovata Astrova, 1957 from the up-
per Silurian (Ludlow) of western Tuva (Russia) by less
abundant mesozooecia and by larger and more abundant
acanthostyles (2–7 acanthostyles around each aperture vs
1–2 in H. ovata).

Occurrence. – Steinsfjorden Formation, Brattstad Mem-
ber, Silurian, Wenlock, Sheinwoodian–Homerian; Ødeg-

årdsviken, Ringerike, Norway.

Genus Asperopora Owen, 1969

Type species. – Callopora aspera Hall, 1852. Silurian
(Wenlock); USA (New York), England.

#�
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'& Measurements of Fistulipora crustula Bassler, 1906. Abbrevi-
ations as in Table 1.

N X SD CV MIN MAX

Aperture width, mm 25 0.21 0.019 8.95 0.18 0.25

Aperture spacing, mm 25 0.25 0.043 17.02 0.18 0.35

Vesicle width, mm 25 0.07 0.023 31.10 0.03 0.13

Vesicle spacing, mm 25 0.08 0.020 24.97 0.04 0.11

Vesicles per aperture 6 8.2 2.041 24.99 5.0 11.0

Lunarium width, mm 7 0.15 0.035 23.41 0.11 0.20

Lunarium length, mm 7 0.035 0.012 33.35 0.025 0.050

Lunarium thickness, mm 7 0.033 0.014 43.25 0.015 0.050

Macrozooecia aperture width, mm 10 0.30 0.019 6.41 0.28 0.33

������
0& A–E – Fistulipora nummulina Nicholson & Foord, 1885. • A, B – encrusting colony, PMO 221.764. • C – longitudinal section, PMO 221.820.
• D – tangential section, PMO 221.817. • E – tangential section, PMO 221.764. • F–J – Fistulipora crustula Bassler, 1906. • F, G – longitudinal section,
PMO 221.775. • H – longitudinal section, PMO 221.776. • I, J – tangential section, PMO 221.775.
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Diagnosis. – Colonies incrusting, massive or branched ra-
mose; autozooecia tubular; autozooecial apertures rounded
to petaloid due to inflecting acanthostyles; autozooecial
diaphragms few to many; mesozooecia abundant, origina-
ting in exozones, sometimes cystose, containing thin dia-
phragms; acanthostyles commonly large and abundant,
with clear cores, inflecting autozooecial apertures; auto-
zooecial walls moderate in thickness, finely laminated,
merged, irregularly thickened in exozone (modified after
Owen 1969).

Remarks. – Asperopora Owen, 1969 is similar to Leioclema
Ulrich, 1882 but differs by irregularly thickened walls in
exozone. In general, Asperopora has thinner walls and
smaller acanthostyles. Asperopora differs from Tremato-
pora Hall, 1852 by having mesozooecia not sealed by cal-
citic material. Moreover, Trematopora develops exceptio-
nally ramose-branched colonies, whereas Asperopora
forms also encrusting and massive ones.

Occurrence. – Upper Ordovician to upper Silurian; Eu-
rope, USA.

Asperopora bellum (Pushkin, 1976)
Figure 7F–I, Table 4

1976 Lioclema bellum Pushkin, pp. 30–31, text-fig. 13,
pl. 11, fig. 3.

Material. – PMO 221786–221.787, PMO 221.793, PMO
221.798, PMO 221.800.

Description. – Encrusting colonies, 0.7–1.0 mm thick. Au-
tozooecia budding from a thin epitheca, growing a short
distance parallel to the substrate, then bending sharply to
the colony surface. Autozooecial apertures rounded-
polygonal. Autozooecial diaphragms common, straight,
thin. Acanthostyles abundant, 1–3 surrounding each aper-
ture, originating at the base of exozone, having distinct cal-
cite cores and dark, laminated sheaths, deeply indenting
into autozooecial space. Mesozooecia abundant, 6–11 sur-
rounding each autozooecial aperture, rounded-polygonal
in transverse section, originating at the base of exozone.
Autozooecial walls laminated, merged, 0.020–0.050 mm
thick. Maculae not observed.

Remarks. – Asperopora bellum (Pushkin, 1976) differs
from A. asperum (Hall, 1852) in larger autozooecial
apertures (average aperture width 0.14 mm vs 0.12 mm in
A. asperum), and in less abundant mesozooecia (6–11
mesozooecia per aperture vs 9–14 in A. asperum). Aspero-
pora bellum differs from A. multipora (Bassler, 1906) from
the Rochester Shale of USA in smaller autozooecial aper-
tures (aperture width 0.10–0.18 mm vs 0.15–0.20 mm in A.
multipora), and fewer acanthostyles (1–3 vs 4–7 per aper-
ture in A. multipora).

Occurrence. – Ludlow, Silurian; Brest Depression, Bela-
rus. Steinsfjorden Formation, Brattstad Member, Silurian,
Wenlock, Sheinwoodian–Homerian; Ødegårdsviken, Rin-
gerike, Norway.

Family Trematoporidae Miller, 1889

Genus Trematopora Hall, 1852

Type species. – Tretmatopora tuberculosa Hall, 1852;
lower Silurian (Niagaran); North America.

Diagnosis. – Ramose colonies, often originating from en-
crusting base. Autozooecial apertures oval to rounded with
peristomes. Diaphragms usually rare, often absent in endo-
zone. Abundant mesozooecia with abundant diaphragms,
thin-walled and beaded in initial parts of exozone, near
colony surface becoming thick-walled. Mesozooecial apertu-
res often completely covered by laminated skeleton. Acan-
thostyles abundant. Walls thin in endozone, thickened in

#"
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4& A, B – Fistulipora crustula Bassler, 1906, tangential section, PMO 221.775. • C–F – Heterotrypa ringerikensis sp. nov.; C, D – longitudinal
section, holotype PMO 202.721B; E – transverse section, holotype PMO 202.721B; F, G – longitudinal section of encrusting colony, paratype PMO
202.721A.

-�.��
(& Measurements of Heterotrypa ringerikense sp. nov. Abbrevia-
tions as in Table 1.

N X SD CV MIN MAX

Branch width, mm 6 3.50 1.172 33.51 2.40 5.00

Exozone width, mm 6 0.74 0.312 42.08 0.45 1.25

Endozone width, mm 6 2.01 0.612 30.40 1.30 2.88

Aperture width, mm 55 0.17 0.025 15.13 0.11 0.22

Aperture spacing, mm 55 0.20 0.031 14.94 0.15 0.29

Aperture width, mm (macular) 20 0.24 0.025 10.47 0.2 0.28

Aperture spacing, mm (macular) 20 0.30 0.044 14.63 0.24 0.42

Mesozooecia width, mm 50 0.06 0.021 37.98 0.03 0.10

Acanthostyle diameter, mm 45 0.044 0.009 20.22 0.025 0.065

Macroacanthostyle diameter, mm 20 0.067 0.012 17.22 0.043 0.088

Exozonal wall thickness, mm 45 0.030 0.010 31.96 0.013 0.050

Acanthostyles per aperture 45 3.7 1.424 38.38 2.0 7.0

Mesozooecial diaphragms spacing,
mm 10 0.10 0.025 25.40 0.05 0.14
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peripheral parts of exozone displaying obliquely laminated
microstructure.

Remarks. – Trematopora Hall, 1852 differs from Batos-
toma Ulrich, 1882 by having oval to rounded autozooecial
apertures and abundant mesozooecia covered with skeletal
material, from Eridotrypa Ulrich, 1893 by having autozoo-
ecia that bend sharply in exozone, possess rounded apertu-
res and are arranged irregularly on the colony surface, as
well as by abundant acanthostyles.

Occurrence. – Ordovician to Silurian, worldwide.

Trematopora maculata sp. nov.
Figure 8A–H, Table 5

Etymology. – The species is named after presence of macu-
lae of macrozooecia.

Holotype. – PMO 221.816.

Paratypes. – PMO 221.783–PMO 221.784, PMO
221.786–PMO 221.787, PMO 221.791, PMO 221.799,
PMO 221.815, PMO 221.817–221.841.

Type locality. – Ødegårdsviken, Ringerike, Norway.

Type stratum. – Steinsfjorden Formation, Brattstad Mem-
ber, Silurian, Wenlock, Sheinwoodian–Homerian.

Diagnosis. – Branched colonies with distinct exozones; se-
condary overgrowth common; autozooecial diaphragms
rare to common; mesozooecia common to abundant in exo-
zone, beaded, 2–4 surrounding each autozooecial aperture;
acanthostyles moderately large, 1–4 surrounding each
autozooecial aperture; autozooecial walls laminated with
locally visible zooecial border, locally monilae-shaped
thickened, maculae of few macrozooecia.

Description. – Ramose branched colonies, branch diameter
2.7–4.6 mm. Exozone distinct, 0.4–1.1 mm wide, endo-
zone 1.4–2.6 mm wide. Secondary overgrowth common.
Autozooecia long, polygonal in cross section in endozone,
bending sharply in exozone. Autozooecial apertures rounded
to slightly angular. Autozooecial diaphragms rare to com-
mon, thin, concentrated mainly in the transition between
exo- and endozones. Mesozooecia common to abundant,
originating at base of exozone, beaded in places of deve-
lopment of diaphragms, 2–4 surrounding each autozooe-
cial aperture. Diaphragms in mesozooecia straight, abun-
dant. Acanthostyles moderately large, prominent, having
distinct hyaline cores, 1–4 surrounding each autozooecial
aperture. Autozooecial walls 0.003–0.005 mm thick, gra-
nular-prismatic in endozone; showing reversal V-shaped
lamination, integrated with locally visible dark border be-
tween zooecia, locally monilae-shaped thickened,
0.02–0.06 mm thick in exozone. Maculae formed by few
macrozooecia.

#�

-�.��
/& Measurements of Asperopora bellum (Pushkin, 1976). Abbre-
viations as in Table 1.

N X SD CV MIN MAX

Aperture width, mm 36 0.14 0.023 16.74 0.10 0.18

Aperture spacing, mm 36 0.20 0.031 15.50 0.14 0.26

Mesozooecia width, mm 36 0.05 0.015 32.18 0.02 0.07

Mesozooecia per aperture 30 7.4 1.329 17.96 6.0 11.0

Acanthostyle diameter, mm 36 0.037 0.007 17.90 0.025 0.060

Acanthostyles per aperture 30 2.3 0.596 25.91 1.0 3.0

Mesozooecial diaphragms
spacing, mm 21 0.09 0.029 30.43 0.06 0.17

-�.��
0& Measurements of Trematopora maculata sp. nov. Abbrevia-
tions as in Table 1.

N X SD CV MIN MAX

Branch width, mm 10 3.7 0.685 18.61 2.7 4.6

Exozone width, mm 10 0.8 0.198 25.28 0.4 1.1

Endozone width, mm 10 2.1 0.364 17.21 1.4 2.6

Aperture width, mm 79 0.16 0.025 15.43 0.11 0.22

Aperture spacing, mm 79 0.22 0.036 16.73 0.15 0.36

Aperture width, mm
(macular) 15 0.25 0.025 9.74 0.23 0.33

Aperture spacing, mm
(macular) 15 0.33 0.058 17.69 0.27 0.52

Mesozooecia width, mm 70 0.065 0.019 28.76 0.033 0.120

Mesozooecia per aperture 30 2.9 0.960 33.09 1.0 4.0

Acanthostyle diameter, mm 70 0.052 0.010 19.77 0.030 0.088

Acanthostyles per aperture 70 2.7 0.823 30.47 1.0 4.0

Mesozooecial diaphragms
spacing, mm 70 0.10 0.024 23.39 0.06 0.19

Autozooecial diaphragms
spacing, mm 30 0.16 0.063 38.50 0.10 0.30

Exozonal wall thickness,
mm 50 0.037 0.010 27.07 0.018 0.058

������
5& A–E – Heterotrypa ringerikensis sp. nov.; A, B – tangential section, paratype PMO 202.721A.; C, D – branch transverse section, paratype
PMO 221.763.; E – tangential section showing macroacanthostyles, paratype PMO 202.721E. • F–I – Asperopora bellum (Pushkin, 1976), PMO
221.793; F – tangential section; G, H – longitudinal section; I – tangential section. • J – Trematopora maculata sp. nov., longitudinal section, holotype
PMO 221.816.
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Remarks. – Trematopora maculata sp. nov. is similar to
T. beikhemensis Astrova, 1959 from the Wenlock of western
Tuva (Russia), but differs by presence of macrozooecia,
broader exozone, and thicker walls. Trematopora macu-
lata sp. nov. differs from T. cristata Kopaevich, 1984 from
the Wenlock of Mongolia by presence of macrozooecia
and less elongated apertures.

Occurrence. – Steinsfjorden Formation, Brattstad Mem-
ber, Silurian, Wenlock, Sheinwoodian–Homerian; Ødeg-

årdsviken, Ringerike, Norway.

Suborder Amplexoporina Astrova, 1965
Family Amplexoporidae Miller, 1889

Genus Amplexopora Ulrich, 1882

Type species. – Atactopora septosa Ulrich, 1879. Upper
Ordovician; USA.

Diagnosis. – Ramose, frondescent, incrusting or massive
colonies. Monticules generally well developed. Wall struc-
ture commonly appearing integrate in the exozone, someti-
mes amalgamate. Laminae from adjacent zooecia intersect
a sharply defined zooecial boundary at angles of less than
90° to form a V-shaped pattern pointing distally. Distinct
zooecial linings present in several species. Diaphragms are
extremely variable in thickness, curvature, parallelism and
spacing, with compound and cystoidal diaphragms and
cystiphragms common in many species. Mesozooecia lack-
ing or few; early chambers are beaded and later diaphragms
regularly and closely spaced. Acanthostyles usually abun-
dant and of two types: those that are concentrated generally
in zooecial and extend throughout the width of the exo-
zone, occurring in all species; and additional acanthostyles
that are concentrated between zooecial corners and extend
through a part of the exozone width occurring in some spe-
cies. These additional acanthostyles cause inflections of
zooecial walls.

Remarks. – Amplexopora differs from Monotrypa by abun-
dant diaphragms and wall microstructure with sharply defi-
ned zooecial boundary.

Boardman (1960) revised the genus Amplexopora and
designated Atactopora septosa Ulrich, 1879 as the type
species. According to the emended diagnosis of Boardman
(1960) (followed here), Amplexopora possesses mesozo-
oecia with abundant diaphragms. On the contrary, Astrova

(1978, p. 105) mentioned exilazooecia in Amplexopora,
tube-like heterozooecia without or with few diaphragms.
Based on this character she defined the suborder
Amplexoporina, which comprises trepostome bryozoans
with exilazooecia. Furthermore, Astrova (1978) re-desig-
nated Amplexopora cingulata Ulrich, 1882 as the type spe-
cies of Amplexopora. According to Boardman (1960,
p. 17) this species was never described or figured (except in
Astrova 1978, pl. 17, fig. 2).

Occurrence. – Lower Ordovician–lower Silurian; North
America, Australia, Siberia, Europe.

Amplexopora crassiparietum sp. nov.
Figure 9A–F, Table 6

Etymology. – The species is named after its thick walls
(from Latin “crassus” = thick, and “parietis” = wall).
Holotype. – PMO 221.770.

Paratypes. – PMO 221.750–221.755, PMO 221.757, PMO
221.760, PMO 221.761–221.762, PMO 221.765–221.769,
PMO 221.765, PMO 221.807–221.808, PMO 221.810,
PMO 221.811, PMO 221.814.

Type locality. – Nes bus stop, Ringerike, Norway.

Type stratum. – Steinsfjorden Formation, Brattstad Mem-
ber, Silurian, Wenlock, Sheinwoodian–Homerian.

Diagnosis. – Branched colonies with distinct wide exozo-
nes; autozooecial apertures polygonal; mesozooecia rare;
acanthostyles common, spaced 1 to 5 around autozooecial
apertures, moderate in size, locally absent; maculae consis-
ting of macrozooecia.

Description. – Branched colonies, branch diameter
2.75–5.20 mm. Exozone distinct, 0.40–1.40 mm wide,
endozone 1.55–2.90 mm wide. Secondary overgrowths
absent. Autozooecia long, growing parallel to branch
axis for a long distance in endozone, in exozone bend-
ing, having polygonal shape in transverse section in en-
dozone. Autozooecial apertures polygonal. Diaphragms
in endozone rare, planar, thin; in exozone abundant,
straight or slightly curved. Mesozooecia rare, small, poly-
gonal in cross section, restricted to exozone. Acanthosty-
les common, spaced 1 to 5 around autozooecial apertures,
moderate in size, having distinct hyaline cores and wide,

#�

������
6& Trematopora maculata sp. nov. • A–C – longitudinal section, holotype PMO 221.816. • D – tangential section, holotype PMO 221.816.
• E – longitudinal section of secondary encrusting, paratype PMO 221.827. • F – longitudinal section, paratype PMO 221.776. • G – transverse section,
paratype PMO 221.817. • H – tangential section, paratype PMO 221.824.
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dark sheaths, situated in the dark median lining of autozoo-
ecial walls, originating from base of exozone; locally acan-
thostyles absent. Autozooecial walls in endozone
0.005–0.010 mm thick, granular; in exozone 0.030 to
0.135 mm thick, displaying reverse V-shaped lamination
with dark, serrated median lining. Maculae indistinct,
0.8–1.3 mm in diameter, consisting of macrozooecia.

Remarks. – Amplexopora crassiparietum sp. nov. differs
from A. silurica Astrova, 1970 from the lower Silurian
(Llandovery) of Ukraine (Podolia) in smaller autozooecial
apertures (aperture width 0.08–0.14 mm vs 0.17–0.20 mm
in A. silurica), and in less abundant acanthostyles (1–5 vs
4–7 per autozooecial aperture in A. silurica).

Occurrence. – Steinsfjorden Formation, Brattstad Mem-
ber, Silurian, Wenlock, Sheinwoodian–Homerian; Nes bus
stop and Åsa, Ringerike, Norway.

Amplexopora evae sp. nov.
Figures 10A–F, 11A, B, Table 7

Etymology. – The species is named for the junior author’s
wife to honour her participation in bryozoan fieldwork.

Holotype. – PMO 170.890.
Paratypes. – PMO 170.886, PMO 170.882, PMO
170.887–170.888, PMO 221.771–221.772, PMO
221.773–221.777, PMO 221.780, PMO 221.804–221.805.

Type locality. – Ødegårdsviken, Ringerike, Norway.

Type stratum. – Steinsfjorden Formation, Brattstad Mem-
ber, Silurian, Wenlock, Sheinwoodian–Homerian.

Diagnosis. – Branched and encrusting colonies; branches
with distinct wide exozones; autozooecial apertures poly-
gonal; mesozooecia rare; acanthostyles common, spaced
1 to 5 around autozooecial apertures, moderate in size, lo-
cally absent; maculae consisting of macrozooecia.

Description. – Branched colonies, branch diameter
2.55–3.40 mm. Exozone distinct, 0.35–1.00 mm wide,
endozone 1.10–2.18 mm wide. Secondary overgrowths
common, 0.65–2.50 mm thick. Encrusting colonies
1.5–2.5 mm thick. In branched colonies, autozooecia long,
growing parallel to branch axis for a long distance in endo-
zone, in exozone bending, having polygonal shape in trans-
verse section in endozone. In encrusting colonies autozooe-
cia arise directly from the epitheca with narrow endozonal
part. Autozooecial apertures polygonal. Diaphragms in
endozone rare, planar, thin; in exozone abundant, straight
or slightly curved. Mesozooecia rare, small, polygonal
in cross section, restricted to exozone. Acanthostyles com-
mon, spaced 1 to 5 around autozooecial apertures, mode-
rate in size, having distinct hyaline cores and wide, dark

#$

-�.��
4& Measurements of Amplexopora crassiparietum sp. nov. Abbre-
viations as in Table 1.

N X SD CV MIN MAX

Branch width, mm 10 3.91 0.916 23.43 2.75 5.20

Exozone width, mm 10 0.90 0.312 34.64 0.40 1.40

Endozone width, mm 10 2.11 0.439 20.80 1.55 2.90

Aperture width, mm 40 0.11 0.017 15.93 0.08 0.14

Aperture spacing, mm 40 0.20 0.023 11.33 0.15 0.26

Aperture width, mm
(macular) 16 0.19 0.030 15.72 0.15 0.25

Aperture spacing, mm
(macular) 16 0.26 0.023 9.14 0.22 0.30

Mesozooecia width, mm 30 0.048 0.013 26.91 0.025 0.078

Acanthostyle diameter, mm 30 0.034 0.006 17.36 0.025 0.050

Acanthostyles per aperture 40 3.1 0.888 28.89 1.0 5.0

Autozooecial diaphragms
spacing, mm 40 0.15 0.044 29.09 0.07 0.24

Exozonal wall thickness, mm 40 0.079 0.023 29.50 0.030 0.135

-�.��
5& Measurements of Amplexopora evae sp. nov. Abbreviations as
in Table 1.

N X SD CV MIN MAX

Branch width, mm 6 3.10 0.334 10.78 2.55 3.40

Exozone width, mm 6 0.74 0.309 41.65 0.35 1.00

Endozone width, mm 6 1.62 0.386 23.82 1.10 2.18

Aperture width, mm 85 0.15 0.026 17.02 0.10 0.21

Aperture spacing, mm 85 0.19 0.031 15.82 0.12 0.30

Aperture width, mm
(macular) 16 0.20 0.015 7.35 0.18 0.23

Aperture spacing, mm
(macular) 16 0.27 0.039 14.57 0.20 0.33

Acanthostyle diameter, mm 61 0.049 0.013 26.40 0.025 0.080

Acanthostyles per aperture 75 2.7 1.075 39.72 1.0 5.0

Mesozooecia width, mm 60 0.05 0.018 36.31 0.02 0.09

Mesozooecial diaphragms
spacing, mm 20 0.12 0.036 30.16 0.07 0.20

Autozooecial diaphragms
spacing, mm 49 0.19 0.061 31.70 0.09 0.35

Exozonal wall thickness, mm 40 0.046 0.013 29.05 0.025 0.075

������
7& Amplexopora crassiparietum sp. nov. • A – longitudinal section, holotype PMO 221770. • B, C – transverse section, holotype PMO
221.770. • D – longitudinal section, holotype PMO 221.770. • E – tangential section, holotype PMO 221.770. • F – tangential section, paratype
PMO 221.760.
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sheaths, situated in the dark median lining of autozooecial
walls, originating from base of exozone; locally acanthostyles
absent. Autozooecial walls in endozone 0.005–0.010 mm
thick, granular; in exozone 0.025–0.075 mm thick, display-
ing reverse V-shaped lamination with dark, serrated me-
dian lining. Maculae indistinct, consisting of macrozooe-
cia, 0.70–1.35 mm in diameter.

Remarks. – Amplexopora evae sp. nov. differs from
A. crassiparietum sp. nov. in thinner autozooecial walls
and larger autozooecial apertures.

Occurrence. – Steinsfjorden Formation, Brattstad Mem-
ber, Silurian, Wenlock, Sheinwoodian–Homerian; Ødeg-

årdsviken, Ringerike, Norway.

Family Eridotrypellidae Morozova, 1961

Genus Eridotrypella Duncan, 1939

Type species. – Batostomella obliqua Ulrich, 1890. Middle
Devonian; Michigan (USA).

Diagnosis. – Branched colonies. Autozooecial apertures ir-
regularly polygonal. Autozooecial walls laminated, with-
out distinct zooecial boundaries, irregularly thickened,
containing spherulites. Diaphragms complete, varying in
number. Exilazooecia rare. Acanthostyles varying in size
and number.

Comparison. – Eridotrypella Duncan, 1939 differs from
Eostenopora Duncan, 1939 in colony form (ramose bran-
ched vs encrusting or massive colonies).

Occurrence. – Silurian–?Carboniferous; worldwide.

Eridotrypella sp. A
Figure 11C–H, Table 8

Material. – PMO 221.789, PMO 221.782, PMO 221.796.

Description. – Ramose branched colonies, 1.2 mm in dia-
meter. Exozone 0.34 mm wide, endozone 0.52 mm wide.
Exozones distinctly separated from endozones. Secondary
overgrowth occurring, 0.28–0.66 mm thick. Autozooecia
long in endozones, bending sharply in exozones. Autozoo-
ecial apertures polygonal with rounded corners. Autozooe-
cial diaphragms absent to rare in endozones; common to
abundant in transition between endozone and exozone,
straight or inclined. Exilazooecia rare, short, polygonal in
cross section. Acanthostyles rare, having distinct narrow
cores and laminated sheaths, 0.030–0.035 mm in diameter.
Autozooecial walls granular, locally weakly crenulated,
0.005–0.010 mm thick in endozones; serrated in the longi-
tudinal view and merged in the tangential section,
0.04–0.06 mm thick in exozones. Maculae not observed.

Remarks. – Eridotrypella sp. differs from E. sepizensis As-
trova, 1970 from the lower Silurian (Wenlock) of Estonia
in less abundant acanthostyles and in larger apertures
(aperture width 0.08–0.13 mm vs 0.13–0.20 mm in E. sepi-
zensis). Eridotrypella sp. differs from E. duncanae Push-
kin, 1976 from the upper Silurian (Ludlow) of Belarus in
narrower branches (branch width 1.2 mm vs 2.5–5.0 mm in
E. duncanae), and in smaller apertures (aperture width
0.08–0.13 mm vs 0.14–0.25 mm in E. duncanae).

Occurrence. – Steinsfjorden Formation, Brattstad Mem-
ber, Silurian, Wenlock, Sheinwoodian–Homerian; Ødeg-

årdsviken, Ringerike, Norway.

Order Cryptostomata Vine, 1884
Suborder Rhabdomesina Astrova & Morozova, 1956
Family Rhabdomesidae Vine, 1884

Genus Orthopora Hall, 1886

Type species. – Trematopora regularis Hall, 1874. Lower
Devonian; USA.

Diagnosis. – Branched colonies. Autozooecia short, bud-
ding from more or less distinct medial axis in spiral order.
Autozooecial diaphragms rare to absent. Both superior and
inferior hemisepta commonly present; sometimes double
hemisepta occurring; rarely hemisepta absent. Autozooe-
cial apertures oval, arranged regularly in alternating rows
on the colony surface. Walls granular in the endozone; la-
minated in exozone. Paurostyles abundant, prominent.
Acanthostyles present, less abundant than paurostyles. He-
terozooecia absent.

$�

������
%8& Amplexopora evae sp. nov., holotype PMO 170.890. • A – general view of a branched colony. • B – transverse section. • C – longitudinal sec-
tion. • D – longitudinal section of encrusting colony. • E – transverse section showing wall structure. • F – tangential section.

-�.��
6& Measurements of Eridotrypella sp. Abbreviations as in
Table 1.

N X SD CV MIN MAX

Aperture width, mm 20 0.11 0.013 11.15 0.08 0.13

Aperture spacing, mm 20 0.19 0.022 11.51 0.16 0.22

Exilazooecia width, mm 7 0.05 0.014 29.91 0.03 0.07
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Remarks. – Orthopora Hall, 1886 differs from Trematella
Hall, 1886 in absence of metazooecia and in presence of
well-developed hemisepta.

Occurrence. – Silurian to Carboniferous of North America,
Europe and China, Middle Permian of Oman.

Orthopora worsleyi sp. nov.
Figure 13A–H, Table 9

Etymology. – The species is named for David Worsley,
who has been an inspiration to us in the study of Silurian
rocks of the Oslo Region.

Holotype. – PMO 221.790.

Paratypes. – PMO 221.750–221.755, PMO 221.757, PMO
221.781–221.782, PMO 221.784–221.785, PMO 221.789,
PMO 221.794, PMO 221.796.

Type locality. – Nes bus stop, Ringerike Norway.

Type stratum. – Steinsfjorden Formation, Brattstad Mem-
ber, Silurian, Wenlock, Sheinwoodian–Homerian.

Diagnosis. – Branched colonies; bifurcation common; both
superior and inferior hemisepta well developed; acan-
thostyles abundant, arranged in single row between auto-
zooecia, varying in size; paurostyles abundant.

Description. – Branched colonies arising from encrus-
ting bases. Branches 0.42–0.77 mm in diameter, with
0.13–0.35 mm wide endozones and 0.10–0.25 mm wide
exozones. Branch bifurcation common. Transverse sec-
tions of branches circular. Autozooecia medium in length,
budding from indistinct medial axis in spiral order. Auto-
zooecial diaphragms rare to absent. Superior hemisepta
present, blunt, curved proximally, positioned near the bend
of autozooecial chamber; inferior hemisepta long, posi-
tioned beneath superior hemisepta, curved distally. Auto-
zooecial apertures oval, arranged regularly in alternating
rows on the colony surface. Walls in the endozone granu-
lar, 0.003–0.005 mm thick; laminated in exozone. Acan-
thostyles abundant, arranged in longitudinal rows between
apertures, varying in size, having narrow hyaline cores and
wide laminated sheaths. Paurostyles abundant, arranged
irregularly between acanthostyles, 0.008–0.016 mm in dia-
meter. Heterozooecia absent.

Remarks. – Orthopora worsleyi sp. nov. differs from
O. casualis Goryunova, 1985 from the lower Silurian Ro-
chester Shale (Wenlock) of New York, USA in narrower
branches (0.42–0.77 mm vs 0.80–1.20 mm in O. casua-
lis), and in slightly smaller apertures (aperture width
0.04–0.08 mm vs 0.05–0.10 mm in O. casualis). Ortho-
pora worsleyi sp. nov. differs from species described
by Kopaevich (1975) as Orthopora rhombifera (Hall,
1874) from the upper Silurian (Přídolí) of Estonia in nar-
rower branches (0.42–0.77 mm vs 0.76–1.17 mm in that
species).

Occurrence. – Steinsfjorden Formation, Brattstad Mem-
ber, Silurian, Wenlock, Sheinwoodian–Homerian; Ødeg-

årdsviken, Ringerike, Norway.

Family Arthrostylidae Ulrich, 1882

Mediaporina Pushkin in Pushkin et al., 1990

Type species. – Mediapora aspersa Kopaevich, 1975. Up-
per Silurian, Ludlow; Estonia.

Diagnosis. – Branched colonies. Autozooecia relatively

$"
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%%& A, B – Amplexopora evae sp. nov., tangential section, holotype PMO 170.890. • C–H – Eridotrypella sp.; C, D – transverse section, paratype
PMO 221.782. • E – longitudinal section, holotype PMO 221.789. • F, G – tangential section, paratype PMO 221.789. • H – longitudinal section, holotype
PMO 221.789.

-�.��
7& Measurements of Orthopora worsleyi sp. nov. Abbreviations
as in Table 1.

N X SD CV MIN MAX

Branch width, mm 21 0.59 0.098 16.57 0.42 0.77

Exozone width, mm 21 0.17 0.041 24.03 0.10 0.25

Endozone width, mm 21 0.25 0.064 25.33 0.13 0.35

Aperture width, mm 45 0.06 0.012 19.06 0.04 0.08

Aperture spacing along branch,
mm 25 0.31 0.045 14.63 0.21 0.40

Aperture spacing diagonally,
mm 25 0.15 0.019 12.57 0.12 0.20

Acanthostyle diameter, mm 30 0.031 0.006 18.38 0.025 0.045

-�.��
%8& Measurements of Mediaporina kiaeri sp. nov. Abbreviations
as in Table 1.

N X SD CV MIN MAX

Aperture width, mm 19 0.08 0.014 17.79 0.06 0.10

Aperture spacing, mm 20 0.17 0.017 9.59 0.14 0.2

Heterozooecia width, mm 20 0.03 0.008 28.09 0.015 0.045

Acanthostyle diameter,
mm 20 0.034 0.006 19.03 0.025 0.050
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short, budding from more or less distinct medial axis in
spiral order. Autozooecial diaphragms rare to common.
Hemisepta absent. Autozooecial apertures oval, arranged
regularly in alternating rows on the colony surface. Walls
granular in the endozone; laminated in exozone. Pauro-
styles large, abundant, prominent. Acanthostyles absent.
Heterozooecia tubular, common to abundant, restricted to
exozone, bearing few diaphragms.

Remarks. – Mediaporina Pushkin in Pushkin et al., 1990
differs from Sceptropora Ulrich, 1888 in having branched

colony instead of branched segments with expanded distal
parts.

Occurrence. – Lower to upper Silurian of Europe (British
Isles, Norway, Estonia, Belarus, Latvia).

Mediaporina kiaeri sp. nov.
Figure 12A–G, Table 10

Etymology. – The species name refers to Johan A. Kiær

$�

������
%(& Orthopora worsleyi sp. nov. • A, B – oblique section, holotype PMO 221.790. • C, D – oblique section of the basal part of the colony,
paratype PMO 221.794. • E – oblique section of dichotomous colony, PMO 221.783. • F, G – longitudinal section, PMO 221.784. • H – branch transverse
section, paratype PMO 221.783.

������
%'& Mediaporina kiaeri sp. nov. • A, B – longitudinal section, holotype PMO 221.754. • C – oblique section, paratype PMO 221.762. • D, E – tan-
gential section showing autozooecial apertures, styles and heterozooecia, holotype PMO 221.754. • F – deep tangential section showing autozooecial aper-
tures and heterozooecia, paratype PMO 221.762. • G – longitudinal section showing autozooecia and heterozooecia, paratype PMO 221.762.
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who described the Silurian rocks of Ringerike in great de-
tail in 1908.

Holotype. – PMO 221.754.

Paratype. – PMO 221.762.

Type locality. – Nes bus stop, Ringerike Norway.

Type stratum. – Steinsfjorden Formation, Brattstad Mem-
ber, Silurian, Wenlock, Sheinwoodian–Homerian.

Diagnosis. – Branched colonies; autozooecial diaphragms
rare to common; acanthostyles abundant, 7–9 surrounding
each autozooecia aperture; heterozooecia abundant,
4–6 surrounding each autozooecia aperture.

Description. – Branches 1.05–1.20 mm in diameter, with
0.30–0.37 mm wide endozones and 0.34–0.45 mm wide
exozones. Branch bifurcation not observed. Autozooecia
moderately long, growing along the branch axis in endozone
and bending sharply in exozone, polygonal in transverse
section of endozone. Autozooecial diaphragms rare to com-
mon, 2–3 usually present in each autozooecium. Hemisepta
absent. Autozooecial apertures oval to slightly angular, ar-
ranged regularly in alternating rows on the colony surface.
Walls in the endozone granular, 0.003–0.005 mm thick; in-
distinctly laminated in exozone. Acanthostyles abundant,
7–9 surrounding each autozooecia aperture, restricted to
exozone, varying in size, having indistinct wide cores and
narrow sheaths. Heterozooecia abundant, 4–6 surrounding
each autozooecia aperture, originating at the base of exo-
zone, rounded to oval at colony surface, containing thin dia-
phragms, often sealed by calcitic material at colony surface.

Remarks. – Mediaporina kiaeri sp. nov. differs from M. as-
persa (Kopaevich, 1975) from the upper Silurian of Estonia
by more abundant and smaller heterozooecia (heterozooecia
width 0.015–0.045 mm vs 0.05–0.13 mm in M. aspersa)
and by larger styles (style diameter 0.025–0.050 mm vs
0.02–0.04 mm in M. aspersa). Mediaporina kiaeri sp. nov.
differs from M. orbiculata (Pushkin, 1975) from the up-
per Silurian of Belarus in smaller autozooecial apertures
(aperture width 0.06–0.10 mm vs 0.09–0.12 mm in M. or-
biculata) and by more abundant heterozooecia.

Occurrence. – Steinsfjorden Formation, Brattstad Mem-
ber, Silurian, Wenlock, Sheinwoodian–Homerian; Nes bus
stop, Ringerike, Norway.

+�������������
	

The Deutsche Akademische Austauschdienst (DAAD) supported
Andrej Ernst’s study visit to the Natural History Museum, Uni-

versity of Oslo, with a one-year fellowship 2002–2003 (grant
D/02/00949). Patrick N. Wyse Jackson, Dublin, and Caroline
Buttler, Cardiff, are thanked for their helpful reviews.

���������	

ANSTEY, R.L. & PERRY, T.G. 1970. Biometric procedures in taxo-
nomic studies of Paleozoic bryozoans. Journal of Paleontol-
ogy 44, 383–398.

ASTROVA, G.G. 1957. Some new species of bryozoans from the
Silurian of Tuva. Materiali k osnovam paleontologii Akademii
nauk SSSR 1, 5–14. [in Russian]

ASTROVA, G.G. 1959. Silurian bryozoans of the central and west-
ern Tuva. Trudy Paleontologischeskogo instituta Akademii
nauk SSSR 79, 1–74. [in Russian]

ASTROVA, G.G. 1964. New Order of the Paleozoic Bryozoa.
Paleontologicheskii zhurnal 1964(2), 22–31. [in Russian]

ASTROVA, G.G. 1965. Morphology, history of development and
systematics of the Ordovician and Silurian Bryozoa. Trudy
Paleontologicheskogo instituta Akademii nauk SSSR 106,
1–432. [in Russian]

ASTROVA, G.G. 1970. New Silurian and Early Devonian bryo-
zoans of Orders Cystoporata and Trepostomata from Estonia
and Podolia, 7–22. In ASTROVA, G.G. & CHUDINOVA, I.I. (eds)
New species of Palaeozoic bryozoans and corals. Nauka,
Moscow.

ASTROVA, G.G. 1978. The history of development, system, and
phylogeny of the Bryozoa: Order Trepostomata. Trudy
Paleontologicheskogo instituta Akademii nauk SSSR 169,
1–240. [in Russian]

ASTROVA, G.G. & MOROZOVA, I.P. 1956. On systematics of the or-
der Cryptostomata. Doklady Akademii nauk SSSR 110(4),
661–664. [in Russian]

BASSLER, R.S. 1906. The bryozoan fauna of the Rochester Shale.
U.S. Geological Survey Bulletin 292, 1–137.

BOARDMAN, R.S. 1960. A revision of the Ordovician bryozoan
genera Batostoma, Anaphragma, and Amplexopora. Smithson-
ian Miscellaneous Collections 140(5), 1–28.

BORG, F. 1926. Studies on Recent cyclostomatous Bryozoa.
Zoologiska Bidrag från Uppsala 10, 181–507.

DUNCAN, H. 1939. Trepostomoatous Bryozoa from the Traverse
Group of Michigan. University of Michigan Paleontology
Contributions 5(10), 171–270.

EHRENBERG, C.G. 1831. Symbolae Physicae, seu Icones et
descptiones Corporum Naturalium novorum aut minus
cognitorum, quae ex itineribus per Libyam, Aegiptum,
Nubiam, Dongalaam, Syriam, Arabiam et Habessiniam,
studia annis 1820–25, redirent. Pars Zoologica, 4, Animalia
Evertebrata exclusis Insectis. 10 pls. Berolini.

GORYUNOVA, R.V. 1985. Morphology, system und phylogeny of
Bryozoa (Order Rhabdomesida). Trudy Paleontologicheskogo
instituta Akademii nauk SSSR 208, 1–152. [in Russian]

HAGEMAN, S.J. 1993. Effects of nonnormality on studies of the
morphological variation of a rhabdomesine bryozoan,
Streblotrypa (Streblascopora) prisca (Gabb & Horn). The
University of Kansas Paleontological Contributions 4, 1–13.

$�

��������	
�	��

������
	�	�
��	���	��	����



HALL, J. 1852. Organic remains of the lower middle division of
the New York system. Natural History of New York. Part 6.
Palaeontology of New York 2, 40–52, 144–173.

HALL, J. 1874. Descriptions of Bryozoa and corals of the lower
Heldelberg Group. Twenty-sixth annual report of the New
York State Museum of Natural History, 93–115.

HALL, J. 1886. Bryozoa of the Upper Helderberg Group; plates
and explanations. State Geologist of New York, Annual Report
for 1885, 25–53.

HENNIG, A. 1908. Gotlands Silurbryozoen 3. Arkiv för zoologi 4,
1–64.

HETHERINGTON, C.J., NAKREM, H.A. & POTEL, S. 2011. Note on the
composition and mineralogy of Wenlock Silurian bentonites
from the Ringerike District: Implications for local and re-
gional stratigraphic correlation and sedimentary environ-
ments. Norwegian Journal of Geology 91, 181–192.

KIÆR, J. 1908. Das Obersilur im Kristianiagebiete. Eine
stratigraphisch-faunistische Untersuchung. Skrifter udgivne
af Videnskabs-selskabet i Christiania. 595 pp. J. Dybwad,
Christiania.

KOPAEVICH, G.V. 1975. Silurian Bryozoa of Estonia and Podoloia
(Cryptostomata and Rhabdomesonata). Trudy Paleontolo-
gischeskogo instituta Akademii nauk SSSR 151, 5–153. [in
Russian]

KOPAEVICH, G.V. 1984. Atlas of Bryozoa from the Ordovician, Si-
lurian and Devonian of Mongolia. Sovmestnaya sovetsko-
mongolskaya paleontologischeskaya ekspeditsiya, Trudy 22,
1–164. [in Russian]

M’COY, F. 1849. On some new genera and species of
Palaeozoic corals and Foraminifera. Annals and Magazine
of Natural History 3(2), 119–136.
DOI 10.1080/03745485909494606

MELCHIN, M.J., SADLER, P.M. & CRAMER, B.D. 2012. Chapter 21:
The Silurian Period, 525–558. In GRADSTEIN, F.M., OGG, J.G.,
SCHMITZ, M. & OGG, G. (eds) The Geologic Time Scale 2012.
Elsevier, New York.

MILLER, S.A. 1889. North American Geology and Paleontology
for the use of amateurs, students, and scientists. 664 pp. West-
ern Methodist Book concern, Cincinnati.

MILNE-EDWARDS, H. & HAIME, J. 1851. Monographie des poly-
piers fossiles des terrains paléozoïques, précédé d’un tableau
général de la classification des Polypes. Archives du Muséum
d’histoire naturelle 5, 1–504.

MOROZOVA, I.P. 1961. Devonian Bryozoa of the Minusinsk and
Kuznetsk basins. Trudy Paleontologischeskogo instituta
Akademii nauk SSSR 86, 1–207. [in Russian]

NICHOLSON, H.A. 1879. On the structure and affinities of the
“Tabulate Corals” of the Paleozoic period, with critical de-
scriptions of illustrative species. 342 pp. William Blackwood
and Sons, Edinburgh.

NICHOLSON, H.A. & FOORD, A.H. 1885. On the genus Fistulipora
M’Coy, with descriptions of several species. Annals and Mag-
azine of Natural History, Series 5 16(96), 496–517.
DOI 10.1080/00222938509459918

OLAUSSEN, S. 1981. Formation of celestite in the Wenlock, Oslo

Region, Norway – evidence for evaporitic depositional envi-
ronments. Journal of Sedimentary Petrology 51, 37–46.

ORBIGNY, A.D. D’ 1850. Prodrome de paléontologie stratigra-
phique universelle des animaux mollusques rayonnés, faisant
suite ou cours élémentaire de paléontologie et géologie
stratigraphique. Volume 1. 394 pp. Victor Masson, Paris.
DOI 10.5962/bhl.title.62810

OWEN, D. E. 1969. Wenlockian bryozoa from Dudley, Niagara,
and Gotland and their palaeogeographic implications. Palae-
ontology 12(4), 621–636.

PUSHKIN, V.I. 1975. About genus Mediapora and its new repre-
sentatives from the Upper Silurian in Belarus and Latvia.
Transactions of the Museum of earth-study of Moscow Univer-
sity 11, 113–120. [in Russian]

PUSHKIN, V.I. 1976. New species of Ordovician and Silurian
Bryozoa of the Brest Depression, 3–40. In AKIMETS, V.S. &
GOVETSKII, G.I. (eds) New species of the fossil plants and ani-
mals of Belarus. Nauka i tekhnika, Minsk. [in Russian]

PUSHKIN, V.I., NEKHOROSHEVA, L.V., KOPAEVICH, G.V. & YARO-

SHINSKAYA, A.M. 1990. Przhydolian Bryozoa of the USSR.
125 pp. Nauka, Moscow. [in Russian]

SPJELDNÆS, N. 1982. Silurian Bryozoa of the Oslo Region. IUGS
Subcommission on Silurian Stratigraphy. Field Meeting, Oslo
Region 1982. Paleontological Contributions from the Univer-
sity of Oslo 278, 55–62.

ULRICH, E.O. 1879. Description of a new genus and some new
species of bryozoans from the Cincinnatian Group. Journal of
the Cincinnati Society of Natural History 2, 119–131.

ULRICH, E.O. 1882. American Palaeozoic Bryozoa. The Journal
of the Cincinnati Society of Natural History 5, 121–175,
233–257.

ULRICH, E.O. 1888. On Sceptropora, a new genus of Bryozoa,
with some remarks on Helopora Hall, and other genera of that
type. The American Geologist 1(4), 228–234.

ULRICH, E.O. 1890. Palaeozoic Bryozoa, 283–688. In WORTHEN,
A.H. & LINDAHL, J. (eds) Geological Survey of Illinois, Vol. 8,
Geology and Palaentology, Part II. Geological Survey of Illi-
nois, Springfield.

ULRICH, E.O. 1893. On Lower Silurian Bryozoa of Minnesota.
The Geological and Natural History Survey of Minnesota, fi-
nal report 3, 96–332.

VINE, G.R. 1884. Fourth report of the Committee consisting of
Dr. H.R. Sorby and Mr. G.R. Vine, appointed for the purpose
of reporting on fossil Polyzoa, 161–209. Report of the
Fifty-third meeting of the British Association for the Advance-
ment of Science (Southport, 1883). John Murray, London.

WHITAKER, J.H.M. 1977. A Guide to the Geology around
Steinsfjord, Ringerike. 56 pp. Universitetsforlaget, Oslo.

WORSLEY, D., AARHUS, N., BASSETT, M.G., HOWE, M.P.A., MØRK,
A. & OLAUSSEN, S. 1983. The Silurian succession of the Oslo
Region. Norges geologiske undersøkelse 384, 1–57.

WORSLEY, D., BAARLI, B.G., HOWE, M.P.A., HJALTASON, F. &
ALM, D. 2011. New data on the Bruflat Formation and the
Llandovery/Wenlock transition in the Oslo Region, Norway.
Norwegian Journal of Geology 91, 101–120.

$#

������ ���
�	� ���
 ����  �!��" � ��#
$
��
	��
"	�%�	�
&��	'�������	()���
�!* '����
��
����	+
�"���
�	
�	,��-���!�



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /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 180
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.25000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 180
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.25000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /DAN <>
    /DEU <>
    /ESP <>
    /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 <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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.)
    /CZE <>
  >>
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


