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Figure 5. A-F. Hemiphragma batheri Bassler, 1911. A, longitudinal section, PMO 214.909; B, longitudinal section, PMO 214.910; C-D, tan-
gential section, PMO 214.905; E-E longitudinal section of exozone showing hemiphragms and wall structure, PMO 214.910. G-I. Eridotrypa
suecica Brood, 1978. G, branch transverse section, PMO 214.901; H-I, branch longitudinal section, PMO 214.906.
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Family Trematoporidae Miller, 1889
Genus Eridotrypa Ulrich, 1893

Type species. Cladopora aedilis Eichwald, 1855 [ = Erido-
trypa mutabilis Ulrich, 1893]. Middle Ordovician, Estonia.

Diagnosis. Ramose colonies, with narrow exozone. Auto-
zooecia weakly bending towards branch surface, with oval
and oval-rounded apertures, arranged in diagonal rows.
Autozooecial walls in exozone thickened, having obliquely
laminated microstructure. Diaphragms common through-
out colony. Mesozooecia rare, short, sometimes closed by
calcitic skeleton. Acanthostyles rare to common, small and
short, sometimes absent. Small, needle-like structures in
zooecial walls may occur.

Comparison. Eridotrypa differs from the most similar
genus Batostoma by its constant ramose colony form, weak
bending of autozooecia to colony surface, short mesozooe-
cia and small, rare acanthostyles and from Bythopora by the
persistent presence of diaphragms in autozooecia and meso-
zooecia and in its wall microstructure.

Occurrence. Lower Ordovician to Middle Devonian;
Europe, North America, Siberia.

Eridotrypa suecica Brood, 1978
Figure 5G-1, 6A-C; Table 5

1978 Eridotrypa suecica Brood: 58, pl. 5, figs 1-3.

Material. PMO 214.883, PMO 214.884, PMO 214.888, PMO
214.890, PMO 214.895, PMO 214.896, PMO 214.897, PMO
214.899, PMO 214.901, PMO 214.906, PMO 214.907.

Description. Ramose colonies, branch diameter 1.05-2.50 mm,
with 0.20-048 mm wide exozones and 0.65-1.54 mm wide
endozones. Autozooecia long, oriented for long distance paral-
lel to branch axis, bending slightly in exozone, polygonal and
having larger diameter in endozone, oval to rounded-polyg-
onal in exozone. Autozooecial diaphragms spaced widely in
endozone, more densely in inner exozone, and usually absent
in outermost parts of zooecia. Mesozooecia rare, small, short,
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polygonal in cross section, spaced usually at junctions between
autozooecia, bearing closely spaced diaphragms. Acanthostyles
common, 3-4 surrounding each aperture, small, having nar-
row hyaline cores, restricted to exozone. Autozooecial walls in
endozone having indistinct lamination, 0.005-0.010 mm thick,
becoming continually thicker in the inner exozone. Autozooe-
cial walls in exozone displaying serrated dark border between
autozooecia and distinct reverse V-shaped lamination.

Comparison. Eridotrypa suecica Brood, 1978 difters from
E. obliqua Conti, 1990 in having smaller autozooecial aper-
tures (average autozooecial aperture width 0.10 mm vs. 0.16
mm in E. obliqua).

Occurrence. Mjosa Formation (Upper Ordovician, Katian);
Bergevika, Helgoya, Norway. Dalmanitina beds (Upper
Ordovician, Hirnantian); Sweden.

Genus Trematopora Hall, 1852

Type species. T. tuberculosa Hall, 1852; Lower Silurian
(Niagaran); North America.

Diagnosis. Ramose colonies, often beginning from encrusting
base. Autozooecial apertures oval to rounded with peristomes.
Diaphragms usually rare, often absent in endozone. Abun-
dant mesozooecia with abundant diaphragms, thin-walled
and beaded in initial parts of exozone, near colony surface
becoming thick-walled. Mesozooecial apertures completely
covered by laminated skeleton. Acanthostyles abundant,
often arranged near outer peristome range or in mesozooecial
walls. Walls thin in endozone, thickened in peripheral parts of
exozone displaying obliquely laminated microstructure.

Comparison. 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 autozooe-
cia that bend sharply in exozone, possess rounded apertures
and are arranged irregularly on the colony surface, as well as
by abundant acanthostyles.

Occurrence. Ordovician to Silurian, worldwide.

Table 5. Descriptive statistics of Eridotrypa suecica Brood, 1978. Abbreviations as for Table 1.

N X SD Ccv MIN MAX
Branch Width, mm 13 1.61 0.484 30.08 1.05 2.50
Exozone Width, mm 13 0.32 0.093 29.41 0.20 0.48
Autozooecial Aperture Width, mm 20 0.10 0.017 17.40 0.07 0.12
Aperture Spacing, mm 20 0.20 0.023 11.63 0.16 0.24
Acanthostyle Diameter, mm 5 0.03 0.007 19.17 0.03 0.04
Exozonal Wall Thickness, mm 11 0.08 0.030 39.37 0.05 0.15
Axial Zooecia Width, mm 10 0.22 0.031 14.19 0.18 0.25
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Figure 6. A-C. Eridotrypa suecica Brood, 1978. A, tangential section, PMO 214.896; B-C, branch transverse section, PMO 214.906. D-I. Tre-
matopora brutoni sp. nov. D-E, branch transverse section, paratype PMO 214.887; E longitudinal section of exozone showing autozooecia and
mesozooecia, paratype PMO 214.893; G-I, tangential section showing autozooecia, mesozooecia and acanthostyles, holotype PMO 214.901.
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Trematopora brutoni sp. nov.
Figure 6D-I; Table 6

Etymology. The new species is named in honour of David L.
Bruton, who has contributed extensively to the study of the
Lower Palaeozoic of the Oslo Region.

Holotype. PMO 214.901.

Paratypes. PMO 214.876, PMO 214.877, PMO 214.879,
PMO 214.884, PMO 214.887, PMO 214.890, PMO 214.893,
PMO 214.896, PMO 214.900, PMO 214.903, PMO 214.906,
PMO 214.907.

Type locality. Bergevika, Helgoya (UTM WGS84 32V60992-
673653), Norway.

Type horizon. Mjesa Formation (Upper Ordovician,
Katian).

Diagnosis. Ramose colonies with distinct narrow exozone;
autozooecia polygonal in exozone, rounded to angular in
endozone; basal diaphragms rare; 4-8 mesozooecia surround-
ing each aperture; 3-4 acanthostyles surrounding each aperture.

Description. Ramose colonies, branch diameter 2.6-5.2
mm. Exozone distinct, 0.3-0.9 mm wide, endozone 2.0-3.4
mm wide. Autozooecia long, polygonal in cross section in
endozone, bending sharply in exozone. Autozooecial aper-
tures rounded to slightly angular. Autozooecial diaphragms
rare, thin. Mesozooecia abundant, originating at base of
exozone, beaded in places of development of diaphragms,
4-8 surrounding each aperture. Diaphragms in mesozooecia
straight, 5-6 spaced per 1 mm of mesozooecial length. Acan-
thostyles large, prominent, having distinct hyaline cores, 3-4
surrounding each aperture. Autozooecial walls 0.005-0.010
mm thick, granular-prismatic in endozone; laminated, 0.06-
0.12 mm thick in exozone.

Comparison. Trematopora brutoni sp. nov. differs from T.
sardoa (Vinassa de Regny, 1910) from the Upper Ordovi-
cian of Italy and France in having larger autozooecial aper-
tures (average autozooecial aperture width 0.16 mm vs. 0.09
mm in T. sardoa).
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Suborder Amplexoporina Astrova, 1965
Family Amplexoporidae Miller, 1889
Genus Anaphragma Ulrich & Bassler, 1904

Type species. Anaphragma mirabile Ulrich & Bassler, 1904.
Upper Ordovician (Richmondian); USA (Illinois).

Diagnosis. Ramose colonies. Walls in endozone range from
straight to crenulated, laminated and generally display-
ing dark zooecial boundaries; in exozone laminae forming
U-shaped pattern in longitudinal section, but a V-shaped
pattern common in walls of early exozones occurring
throughout the length of zooecia in some colonies; in tan-
gential section amalgamate. Thin, complete diaphragms are
sparsely distributed, one to several in a very few zooecia;
most zooecia completely lacking diaphragms. Laminated
acanthostyles common, extremely variable in their dimen-
sions within the species. Exilazooecia common to rare, hav-
ing walls comparable in thickness with zooecia (modified
after Boardman 1960).

Comparison. Anaphragma Ulrich & Bassler, 1904 differs
from Amplexopora Ulrich, 1882 in absence of diaphragms
and in strongly crenulated endozonal walls.

Occurrence. Lower to Upper Ordovician of Europe and
North America.

Anaphragma latviense Pushkin, 1976
Figure 7A-G; Table 7

1976 Anaphragma latviense Pushkin: 295-296, pl. 3, fig. 3, pl. 4, fig. 1.

Material. PMO 214.890, PMO 214.892, PMO 214.893, PMO
214.894, PMO 214.900, PMO 214.902.

Description. Ramose colonies, branch diameter 5.0-5.5
mm. Exozone distinct, 0.7-0.9 mm wide, endozone 3.6-3.7
mm wide. Autozooecia long, polygonal in cross section in
endozone, bending sharply in exozone. Autozooecial aper-
tures angular with rounded corners. Autozooecial dia-
phragms absent. Exilazooecia rare, originating at base of
exozone. Acanthostyles moderately large, having indis-
tinct hyaline cores and laminated sheaths, generally rare

Table 6. Descriptive statistics of Trematopora brutoni sp. nov. Abbreviations as for Table 1.
N X SD Ccv MIN MAX

Branch Width, mm 7 3.5 0.921 26.06 2.6 5.2
Exozone Width, mm 7 0.6 0.198 32.66 0.3 0.9
Autozooecial Aperture Width, mm 25 0.16 0.031 18.66 0.12 0.22
Aperture Spacing, mm 25 0.34 0.037 10.84 0.28 0.42
Mesozooecia Width, mm 25 0.14 0.045 31.22 0.07 0.24
Acanthostyle Diameter, mm 25 0.06 0.010 17.04 0.04 0.09
Mesozooecial Diaphragms Spacing, mm 25 0.11 0.033 29.60 0.05 0.16
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Figure 7. A-G. Anaphragma latviense Pushkin, 1976. A, branch transverse section, PMO 214.900; B-D, longitudinal section showing auto-

zooecial walls in endozone and exozone, PMO 214.890; E-E tangential section, PMO 214.890; G, transverse section showing autozooecia in
exozone, PMO 214.900. H, Trigonodictya cyclostomoides (Eichwald, 1855), branch oblique section, PMO 214.882.
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Table 7. Descriptive statistics of Anaphragma latviense Pushkin, 1976. Abbreviations as for Table 1

N X SD (0A% MIN MAX
Branch Width, mm 5 5.2 0.232 4.43 5.0 5.5
Exozone Width, mm 5 0.8 0.091 10.91 0.7 0.9
Autozooecial Aperture Width, mm 35 0.20 0.038 18.62 0.16 0.31
Aperture Spacing, mm 35 0.32 0.044 13.45 0.26 0.48
Exilazooecia Width, mm 20 0.07 0.023 33.43 0.03 0.11
Exozonal Wall Thickness, mm 30 0.136 0.033 24.56 0.065 0.210

to common, but locally abundant, 3-6 surrounding each
aperture. Autozooecial walls 0.005-0.010 mm thick, granu-
lar-prismatic, strongly crenulated in endozone; laminated,
0.066-0.210 mm thick in exozone.

Comparison. Anaphragma latviense Pushkin, 1976 is sim-
ilar to A. mirabile Ulrich & Bassler, 1904, but differs from
the latter in having smaller autozooecial apertures (aver-
age autozooecial aperture width 0.20 mm vs. 0.27 mm in A.
mirabile).

Occurrence. Mjosa Formation (Upper Ordovician, Katian);
Bergevika, Helgoya, Norway. Rakvere Stage (Caradoc,
Upper Ordovician); Latvia.

Order Cryptostomata Vine, 1884

Suborder Ptilodictyina Astrova & Morozova, 1956
Family Rhinidictyidae Ulrich, 1893

Genus Trigonodictya Ulrich, 1893

[= Astreptodictya Karklins, 1969]

Type species. Pachydictya conciliatrix Ulrich, 1886. Middle
Ordovician (Decorah Shale); USA (Minnesota).

Diagnosis. Irregularly branched colonies, sometimes with
lateral ridge-like expansions. Mesotheca straight to sinuous
in longitudinal section, locally zigzag in transverse section,
containing median rods. Autozooecia arranged in straight

ranges, subrectangular to subrhomboidal in transverse sec-
tion of endozone, locally separated by extrazooecial vesicles
in endozone, separated by extrazooecial stereom in exozone,
rectangular in deep tangential section, becoming oval on the
colony surface. Basal diaphragms straight to slightly curved.
Extrazooecial skeletal deposits common, consisting of lam-
inar and vesicular portions. Vesicular structures common
in inner exozones, locally in endozones. Laminar stereom
commonly with dark zones, longitudinally aligned, locally
with indistinct mural spines. Autozooecial boundaries dis-
tinct, delineated laterally by continuous dark zones. Monti-
cules absent.

Comparison. Trigonodictya Ulrich, 1893 differs from Pachy-
dictya Ulrich, 1882 in regular arrangement of autozooecia in
straight rows.

Occurrence. Middle Ordovician — Middle Silurian; Europe,
North America.

Trigonodictya cyclostomoides (Eichwald, 1855)
Figure 7H, 8A-F; Table 8

1855 Micropora cyclostomoides Eichwald: 459.
1859 Micropora (Stictopora) cyclostomoides Eichwald, 1855: 394, pl. 24,
figs 16a-b.

Material. PMO 214.878, PMO 214.880, PMO 214.881, PMO
214.882, PMO 214.883, PMO 214.884, PMO 214.885, PMO

Table 8. Descriptive statistics of Trigonodictya cyclostomoides (Eichwald, 1855). Abbreviations as for Table 1.
N X SD (9A% MIN MAX
Branch Width, mm 4 3.06 0.575 18.80 2.65 3.90
Branch Thickness, mm 7 0.69 0.082 11.81 0.60 0.84
Autozooecial Aperture Width, mm 35 0.11 0.019 16.83 0.08 0.15
Aperture Spacing Along Branch, mm 35 0.41 0.054 13.28 0.30 0.52
Aperture Spacing Across Branch, mm 35 0.31 0.042 13.59 0.25 0.42
Maximal Chamber Width, mm 25 0.20 0.025 12.10 0.15 0.26
Median Rods Spacing, mm 20 0.07 0.014 20.89 0.05 0.10
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Figure 8. Trigonodictya cyclostomoides (Eichwald, 1855). A-B, tangential section showing autozooecial apertures, PMO 214.882; C, deep tangen-
tial section showing autozooecial chambers, PMO 214.882; D-E, branch transverse section showing autozooecia and extrazooecial deposits consis-
ting of laminar and vesicular portions, PMO 214.885; E longitudinal section showing autozooecial chambers and vesicles (arrow), PMO 214.885.
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214.886, PMO 214.887, PMO 214.889, PMO 214.898, PMO
214.908.

Description. Branched bifoliate, dichotomous colonies.
Branches flattened, with sharp edges, 2.65-3.90 mm wide
and 0.60-0.84 mm thick. Mesotheca three-layered, straight
both in longitudinal and transverse sections, containing
abundant median rods, 0.025-0.045 mm thick. Median rods
densely spaced, 0.010-0.030 mm in diameter, continuous
in dark zones separating longitudinal rows of autozooecia.
Autozooecia regularly arranged in 9-12 alternating longitu-
dinal rows, semicircular to trapezoid in transverse section
in endozone, rectangular in deep tangential section, becom-
ing oval on the colony surface. Autozooecial boundaries dis-
tinct, delineated laterally by continuous dark zones. Basal
diaphragms rare or absent, straight. Extrazooecial skeletal
deposits well developed, consisting of laminar and vesicular
portions. Vesicular structures small, having flat to rounded
roofs, rare to common in inner exozones. Laminar stereom
with dark zones, longitudinally aligned, separating auto-
zooecia in exozones. Monticules absent.

Comparison. Trigonodictya cyclostomoides (Eichwald,
1855) differs from T. conciliatrix (Ulrich, 1886) in having
thinner colonies, rare diaphragms and weakly developed
vesicular structures.

Occurrence. Mjosa Formation (Upper Ordovician, Katian);
Bergevika, Helgoya, Norway. Jovi - Keila stages (Upper
Ordovician, Caradoc); Baltic region and NW Russia.

Suborder Stictoporellina Gorjunova in Gorjunova &
Lavrentjeva, 1993

Family Stictoporellidae Nickles & Bassler, 1900

Genus Astrovidictya Gorjunova & Lavrentjeva, 1993

Type species. A. sparsa Lavrentjeva in Gorjunova &
Lavrentjeva, 1993. Upper Ordovician, Caradoc, north-west-
ern Russia, Estonia, and Lithuania.

Diagnosis. Branching bifoliate colonies, branches oval or
lens-shaped in cross-section. Mesotheca straight or crenu-
lated, containing hyaline rods. Autozooecial diaphragms
rare. Both superior and inferior hemisepta present, straight
or hook-shaped, long. Apertures oval or elliptical. Single
or doubled metazooecia between autozooecial apertures,
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becoming abundant at branch edges. Flat maculae lacking
autozooecia may occur.

Remarks. Astrovidictya Gorjunova & Lavrentjeva, 1993
differs from Oanduella Mannil, 1958 in having branched
instead of reticulated anastomosing colonies as well as regu-
lar arrangement of metazooecia.

Occurrence. Upper Ordovician (Caradoc); NW Russia,
Estonia, Lithuania. Upper Ordovician (Upper Caradoc to
Lower Ashgill); Montagne Noire, southern France. Mjosa
Formation (Upper Ordovician, Katian); Bergevika, Helgoya,
Norway.

Astrovidictya sparsa Lavrentjeva in Gorjunova &
Lavrentjeva, 1993
Figure 9A-F; Table 9

1993 Astrovidictya sparsa Lavrentjeva: 86-87, pl. 16, fig. 4, pl. 17, fig. 1.
2007 Astrovidictya sparsa Lavrentjeva, 1993 — Ernst & Key: 410-413, pl.
19, figs 5-12, pl. 20, figs 1-3.

Material. Two thin sections of the same colony PMO
214.892, PMO 214.894.

Description. Bifoliate branching colony, ca 2.5 mm wide.
Autozooecia short, bending sharply toward colony surface,
rectangular at base, becoming oval at colony surface. Auto-
zooecia arranged in 14 regular rows. Superior hemisepta
long, thick, curved proximally; inferior hemisepta long,
thin, straight. Metazooecia bottle-shaped, usually one,
rarely two between autozooecia longitudinally, numerous
along branch edges. Metazooecial apertures circular to oval,
often sealed by skeletal material at colony surface, 0.02-0.05
mm in diameter. Zooecial walls granular, thin in endozone;
thickened, coarsely laminated in exozone. Small granules
(spherules) occurring at colony surface, few or none in
deeper sections. Mesotheca could not be observed. Low lon-
gitudinal ridges developed on the colon surface.

Comparison. Astrovidictya sparsa Lavrentjeva in Gorjunova
& Lavrentjeva, 1993 differs from A. hamatilis Lavrentjeva,
1993 in having larger apertures (0.08-0.13 mm vs. 0.05-0.10
mm in A. hamatilis), as well as an absence of diaphragms.

Occurrence. Upper Ordovician (Caradoc); NW Russia,

Table 9. Descriptive statistics of Astrovidictya sparsa Lavrentjeva in Gorjunova & Lavrentieva, 1993.
Abbreviations as for Table 1.

N X SD cv MIN MAX
Autozooecial Aperture Width, mm 25 0.10 0.016 16.37 0.08 0.13
Aperture Spacing Along Branch, mm 15 0.40 0.069 17.41 0.31 0.56
Aperture Spacing Across Branch, mm 15 0.24 0.028 11.81 0.20 0.30
Metazooecia Width, mm 20 0.03 0.009 29.39 0.02 0.05
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Figure 9. Astrovidictya sparsa Lavrentjeva in Gorjunova & Lavrentjeva, 1993. A, oblique section of the branch, PMO 214.894; B-C, tangential sec-
tion showing autozooecial apertures and metazooecia, PMO 214.894; D, shallow tangential section showing metazooecia, spherules in skeleton and
superior hemiseptum (arrow); E, oblique section showing autozooecial chamber with thin inferior hemiseptum (arrow), PMO 214.892; E, oblique

section of the colony, PMO 214.894.

Estonia, Lithuania. Upper Ordovician (Upper Caradoc to
Lower Ashgill); Montagne Noire, southern France. Mjosa
Formation (Upper Ordovician, Katian); Bergevika, Helgoya,
Norway.
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