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Abstract
A bryozoan fauna containing 16 species is described from a set of small mud 
mounds occurring in the Lebanza Formation (Lower Devonian) of the Arauz 
area, NW Spain. One genus with one species is new: the cystoporate Petalosis 
clarus n. gen., n. sp. Eleven new species are described: three cystoporates Alt-
shedata hispanica n. sp., A. gracilis n. sp. and Fistulipora arauzensis n. sp.; four 
trepostomes: Neotrematopora tenuis n. sp., Leioclema arauzensis n. sp., Eridot-
rypella validaeformis n. sp. and Leptotrypella armata n. sp.; two rhabdomesine 
cryptostomes Orthopora spinosa n. sp. and Vidronovella elegantula n. sp.; and 
two fenestrates Rectifenestella exiliformis n. sp. and Tectulipora tuberculata n. sp. 
Two species were identified at genus and family level respectively: Eridopora sp. 
and Rhomboporidae sp. indet. Two identified species show palaeobiogeographic 
relations to the Lower Devonian of Altai, Mongolia, and Tajikistan respectively: 
Leioclema multiacanthoporum Astrova in Astrova & Yaroshinskaya, 1968 and 
Hemitrypa lasutkiniae Waschurova, 1964. The bryozoan fauna is dominated 
by cystoporates and trepostomes, followed by cryptostomes and fenestrates. 
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Introduction

The Devonian record of the Cantabrian Zone (NW 
Spain) is a rather continuous and varied succession 
with both siliciclastic and carbonate units. The latter 

were mainly deposited on ramp-type platforms (Vera 
de la Puente 1989; Fernández et al. 1997, 2006; 
Keller 1997; Keller & Grötsch 1990; Hofmann & 
Keller 2006), contain a wealth of subtidal deposits 
with subordinate peritidal rocks, and display up to 
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These species display four different growth habits: encrusting (43.75%), ra-
mose branched/encrusting (12.5%), ramose branched (25%), and reticulate 
(18.75%). Encrusting and encrusting/ramose growth habits dominate in all parts 
of mud mounds, whereas ramose branched and reticulate bryozoans are most 
abundant in the lower part of mounds, being rare in the upper parts. Despite 
their abundance, bryozoans cannot be regarded as the principal builders of the 
mud mounds, which apparently were mainly built by microbial communities. 
Nevertheless, bryozoans played the role of sediment binders (encrusting species), 
stabilizing the sediment, or exerted a baffling effect (fenestrates).

résumé
Description d'une faune de bryozoaires de type mud-mound de la Formation Lebanza 
(Dévonien inférieur) de la région de Arauz (province de Pisuerga-Carríon, zone 
cantabrique, nord-ouest de l’Espagne).
Une faune de bryozoaires contenant 16 espèces provenant des monticules de boue 
trouvés à la Formation Lebanza (Dévonien inférieur) de la région d’Arauz, nord-
ouest de l’Espagne est décrite. Une espèce est décrite dans un nouveau genre : le 
cystopore Petalosis clarus n. gen., n. sp. Onze nouvelles espèces sont décrites dont 
trois cystopores (Altshedata hispanica n. sp., A. gracilis n. sp., et Fistulipora arauzensis 
n. sp.), quatre trépostomes (Neotrematopora tenuis n. sp., Leioclema arauzensis n. sp., 
Eridotrypella validaeformis n. sp., et Leptotrypella armata n. sp., deux cryptostomes 
rhabdomesines (Orthopora spinosa n. sp. et Vidronovella elegantula n. sp.) et deux 
fenestrés (Rectifenestella exiliformis n. sp. et Tectulipora tuberculata n. sp. Deux espèces 
sont déterminées aux niveaux du genre et de la famille, respectivement : Eridopora 
sp. et Rhomboporidae sp. indet. Deux des espèces identifiées montrent des relations 
paléobiogéographiques au Dévonien inférieur d’Altai, Mongolie et du Tajikistan, 
respectivement : Leioclema multiacanthoporum Astrova in Astrova & Yaroshinskaya, 
1968 and Hemitrypa lasutkiniae Waschurova, 1964. La faune bryozoaire est domi-
née par les cystopores et par les trépostomes, suivis par les cryptostomes et par les 
fenestrés. Ces espèces présentent quatre modes de croissance : encroûtant (43.75 %), 
rameux branchu/encroûtant (12.5 %), rameux branchu (25 %) et reticulé (18.75 %). 
Les bryozoaires à types de croissance incrustant et incrustant/ramose dominent dans 
toutes les parties des monticules de boue, tandis que les modes rameux branchus 
et réticulés, abondants à leur base, sont plus rares dans leurs parties supérieures. En 
dépit de leur abondance, les bryozoaires ne peuvent pas être considérés comme les 
principaux constructeurs des monticules de boue, qui sont apparemment construits 
par des communautés microbiennes. Cependant, les bryozoaires ont joué un rôle 
de liant sédimentaire avec les espèces encroûtantes, de stabilisateur de sédiment ou 
ont exercé un effet déflecteur (avec les formes fenestrées).
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Fig. 1. — A, schematic map showing the location of the studied outcrops in the Arauz area (north of Palencia province, Spain); 
B, schematic geological map of the Cantabrian Zone (modified from Pérez-Estaún et al. 1988) showing the location of the studied 
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seven coral- and stromatoporoid-dominated, reefal 
episodes of varying importance (see Méndez-Bedia 
et al. 1994; Fernández-Martínez et al. 2010). Apart 
from the framebuilders, these limestones contain 
abundant benthic faunas, chiefly brachiopods, cri-
noids and trilobites, which have been the subject 
of numerous systematic, biostratigraphic and pal-
aeoecological studies (García-Alcalde 1996, 1998; 
García-Alcalde et al. 2002, among others). 

Bryozoans are also a conspicuous element, both in 
the reefal and non-reefal intervals. However, despite 
their abundance and importance, Devonian bryo-
zoans from NW Spain have attracted only minor 
attention (Arbizu et al. 1995; Suárez Andrés 1998, 
1999a-c; Suárez Andrés & González 2000a, b). These 
papers contain descriptions of several bryozoan spe-
cies, mainly Fenestrata, from the Moniello Forma-
tion (late Emsian-early Eifelian) of the Cantabrian 
Zone (NW Spain). A few recent publications have 
contributed to knowledge of bryozoan faunas from 
the Emsian-Eifelian strata of the Cantabrian Zone 
(Suárez Andrés & McKinney 2010; Ernst 2010, 
2011; Ernst et al. 2012) and from elsewhere in the 
Iberian Massif (Central Iberian Zone, Lochkovian 
of the Sierra de Guadarrama: Guadalajara; Ernst & 
May 2012). These publications describe diverse fau-
nas containing fenestrate, trepostome, cystoporate 
and cryptostome bryozoan species. Total bryozoan 
diversity in the Lower Devonian of Spain is esti-
mated to be about 100 species (unpublished data). 

In this paper, we examine systematically a bryo-
zoan assemblage occurring close to the first reefal 
episode, in the Lower Devonian Lebanza Formation 
(see Fernández-Martínez et al. 2010). This bryozoan 
fauna is found in a series of recently discovered 
metre-size mud mounds. The mud mounds are 
still under study and will be dealt with in a suc-
ceeding paper.

Geographical and geological 
setting

The study locality is situated in the Arauz area 
(north of province of Palencia, NW Spain; Fig. 1A). 
Here the Lebanza Formation crops out in several 
fault-bounded bands, one of which contains one 

of the main reference sections of the formation. An 
exposure only a few tens of metres from this section 
displays a set of small mud mounds containing the 
bryozoan fauna described here.

The Lower Devonian (Middle Lochkovian-
Lower Pragian) Lebanza Formation (Krans et al. 
1980) is a carbonate unit that crops out in the 
Palentine nappes of the Pisuerga-Carrión Unit 
(Cantabrian Zone, Iberian Massif, Fig. 1B; see 
Lotze 1945; Julivert 1971; Frankenfeld 1983; 
Pérez-Estaún et al. 1988). These nappes comprise a 
Silurian-lower Carboniferous succession, in which 
the Silurian and Devonian units display, overall, 
a more distal character than their counterparts 
elsewhere in the Cantabrian Zone. This fact al-
lowed for the distinction between the Palentine 
and the Astur-Leonese facies, (Brouwer 1964). 
The Lebanza Formation consists of 150-160 m 
of limestones with subordinate marlstones and 
shales (Fig. 2). Five members, from Member A 
through Member E, have been distinguished in this 
formation (Krans et al. 1980; Jahnke et al. 1983; 
García-Alcalde et al. 1988; see also García-López 
et al. 2002), although no agreement exists over 
the precise position of their boundaries. Follow-
ing Krans et al. (1980), Jahnke et al. (1983) and 
Fernández-Martínez et al. (2010), members A and 
B consist of subtidal (shelfal and coastal) cross 
bedded and laminated skeletal limestones alter-
nating with marlstones and shales and showing a 
shallowing upward trend. Member C comprises 
subtidal deposits with coated grains and dark 
colour suggesting a partially restricted environ-
ment. Member D is formed of peritidal lime-
stones, and, finally, Member E is constituted by 
subtidal alternations of cross-bedded limestones, 
marlstones and shales. Reefal fauna mainly occur 
in the upper part of Member B, as broken and 
reworked colonies, and in Member C, either as 
broken fragments or as in situ colonies. The in-
terval studied belongs either to the upper part of 
Member B or to the Member C base.

Most of the Lebanza Formation is largely ar-
ranged into metre-scale fining upward cycles (see 
Fernández-Martínez et al. 2010, Fig. 3). In the case 
of the upper part of Member B and of the Mem-
ber C, those cycles consist of: 1) a lower interval 
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of skeletal lime grain- to packstones, which may 
display cross-bedding; and 2) an upper interval of 
burrowed limestones, marly limestones and marl-
stones or shales. The bryozoan-bearing mud mounds 
occur in the upper interval of one of these cycles, 

and are less than two metres thick. They directly 
overlie the basal package of grainstones and are in-
terbedded with bioturbated, fine-grained grain- to 
packstones with irregular, laterally discontinuous 
marly partings. 

Fig. 2. — Highly generalized stratigraphical column showing the main features of the Lebanza Formation and its subdivision into 
members. The approximate location of the studied interval is depicted to the right of the column (adapted from Fernández-Martínez 
et al. 2010).  Abbreviations: b, boundstone (baffle-, bind-, framestone); br, rudstone, floatstone; g, grainstone; m, mudstone; p, pack-
stone; w, wackestone.
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Material and methods

Bryozoan material is represent by moderately 
large limestone blocks, from which 70 randomly 
oriented thin sections were made. Studied ma-
terial is housed at the Senckenberg Museum 
(Frankfurt am Main, Germany), numbers SMF 
21.130-SMF 21.385.

Morphologic character terminology is partly 
adopted from Anstey & Perry (1970) and Hage-
man (1993). The following morphologic characters 
were measured and used for statistics in the studied 
material (Figure 3 for cystoporates and Figure 4 
for fenestrates): 

Branch width, branch thickness, exo- (endo-) 
zone width, autozooecial aperture width (non-

ADB

LuL

AW

LuW

LuT

tangential section

VsSp

longitudinal section

Measurements: Cystoporates

Fig. 3. — Some important measurements made on the cystoporate bryozoans. Abbreviations: ADB, aperture spacing; AW, autozooecial 
aperture width; LuL, lunarium length; LuW, lunarium width; LuT, lunarium thickness; VsSp, vesicle spacing.
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macular, macular), aperture spacing (non-macular, 
macular, along branch, diagonally) lunarium width 
(length, thickness), acanthostyle diameter, num-
ber of acanthostyles per aperture, mesozooecia 
(exilazooecia) diameter, number of mesozooecia 
(exilazooecia) wall thickness in exozone, vesicle 
diameter (spacing), number of vesicles per ap-
erture, autozooecial budding angle in endozone 
(exozone), dissepiment width, fenestrule width 
(length), distance between branch (dissepiment) 
centres, apertures per fenestrule length, maximal 
chamber width, keel node diameter (spacing), 
thickness of reverse wall granular layer, thick-

ness of reverse wall laminated layer, lateral wall 
budding angle.

The spacing of structures is measured as a distance 
between their centres. Statistics were summarized 
using arithmetic mean, sample standard deviation, 
coefficient of variation, and minimum and maximum 
values (see Appendix). 

Systematic palaeontology

Phylum Bryozoa Ehrenberg, 1831 
Class Stenolaemata Borg, 1926 

AW

DN

SNB

ADB

AAB

WB

WD

DBD

DBC

LF

WF

tangential section

RWT

TRW

longitudinal section

MAW

mid tangential section

TB

transverse section

LA

Measurements: Fenestrates

Fig. 4. — Some important measurements made on the fenestrate bryozoans. Abbreviations: ADB, aperture spacing along branch; 
AAB, aperture spacing diagonally; AW, autozooecial aperture width; DBC, distance between branch centres; DBD, distance between 
dissepiment centres; DN, node diameter; LA, lateral wall budding angle; LF, fenestrule length; MAW, maximum chamber width; 
RWT, thickness of reverse wall laminated layer; SNB, node spacing; TB, branch thickness; TRW, thickness of reverse wall granular 
layer; WB, branch width; WD, dissepiment width; WF, fenestrule width.
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Suborder Fistuliporina Astrova, 1964 
Family Anolotichiidae Utgaard, 1968

Genus Altshedata Morozova, 1959

Type species. — Fistulipora belgebaschensis Nekhoroshev, 
1948, by subsequent designation (Morozova 1959). 
Middle Devonian (Givetian); Altai, Russia.

Occurrence. — Besides the type species Altshedata 
belgebaschensis (Nekhoroshev, 1948), two species have 
been reported: A. parasitica Yang & Lu, 1983 from 
the Upper Carboniferous of Xinjiang (China), and A. 
xiacaiyuanensis Fan, 1993 from the Permian of Yun-
nan (China). However, these species may not belong 
to the genus Altshedata Morozova, 1959 because they 
show significant differences in their internal morphol-
ogy possessing large and abundant vesicles as well as 
hemiphragms.

Diagnosis. — Colonies encrusting or massive. Autozo-
oecia large, living chambers subangular to subrounded in 
transverse section, budding from the epitheca. Lunaria 
moderate to large in the inner exozone, large on the 
colony surface, rounded, deeply indenting autozooe-
cia. Diaphragms few to abundant. Vesicular skeleton 
present. Heterozooecia absent. Autozooecial walls thick, 
undulatory, having indistinct granular microstructure. 
Monticules with large zooecia and more abundant in-
terzooecial space. 

Comparison

Altshedata Morozova, 1959 differs from Anolotichia 
Ulrich, 1890 in having rounded lunaria indenting 
autozooecia and vesicular skeleton, from Crassaluna 
Utgaard, 1968 in the shape of the lunaria which 
are rounded in Altshedata but irregular with nodes 
and ridges in Crassaluna.

Altshedata hispanica n. sp.  
(Figs 5A-H; 6A-C; Appendix)

Holotype. — SMF 21.130.

Paratypes. — SMF 21.131-SMF 21.149.

Etymology. — The species name refers to the finding of 
this species in Spain (from Latin “hispanicus” = Spanish).

Type locality. — Arauz Sur (Arroyo section), Province 
of Palencia, NW-Spain (Cantabrian Mountains).

Type horizon. — Lebanza Formation, Lower Devonian 
(Pragian).

Diagnosis. — Encrusting colonies; autozooecia prismatic; 
autozooecial diaphragms common, straight, thin; lunaria 
well-developed, prominent; megazooecia occurring; vesicles 
occasionally present, never isolating autozooecia; commu-
nication pores absent; maculae not observed.

Description

Encrusting colonies, 1.0-3.5 mm thick. Autozooecia 
prismatic, budding from the basal epitheca, hemispher-
ical to trapezoidal at their bases, becoming then rhom-
bic to hexagonal, recumbent in proximal parts, then 
bending sharply and intersecting colony surface at right 
angles. Autozooecial diaphragms common, straight, 
thin. Autozooecial apertures rounded-polygonal. 
Lunaria well-developed, prominent, rounded, deeply 
indenting autozooecial cavity, originating from bases 
of autozooecia, consisting of hyaline material. Ends 
of lunaria curved to form almost a tube. Megazooecia 
occurring, 0.42-0.48 mm wide. Other heterozooecia 
not observed. Vesicles occasionally present, irregular 
in shape and size, concentrated at base of exozone, 
never isolating autozooecia. Autozooecial walls in 
the endozone granular, straight, 0.005-0.010 mm 
thick; in exozone irregularly thickened, showing 
indistinct granular microstructure, 0.04-0.07 mm 
thick. True communication pores not observed, but 
deep annulations in walls giving false appearance of 
communication pores. Maculae not observed.

Comparison

Altchedata hispanica differs from the type species A. 
belgebaschensis (Nekhoroshev, 1948) in having fewer 
vesicles, smaller autozooecial apertures (autozooecial 
width 0.23-0.38 vs 0.40 mm in A. belgebaschensis) 
and larger lunaria. Altchedata hispanica differs from 
Altchedata gracilis in its larger autozooecia (average 
autozooecial width 0.3 mm vs 0.27 mm in A. graci-
lis), presence of megazooecia and absence of style-like 
projections in the autozooecial walls.

Altshedata gracilis n. sp. 
(Figs 6D-G, 7A-D; Appendix)

Holotype. — SMF 21.150.
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Fig. 5. — Altshedata hispanica n. sp.: A-C, longitudinal section showing autozooecia with abundant diaphragms, holotype SMF 21.130; 
D, longitudinal section showing microstructure of autozooecial walls, paratype SMF 21.142; E, F, tangential section showing auto
zooecial apertures and lunaria, holotype SMF 21.130; G, H, deep tangential section of autozooecial chambers, paratype SMF 21.142. 
Scale bars: A-C, 1 mm; D, 0.1 mm; E, G, 0.5 mm; F, H, 0.2 mm. 
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Fig. 6. — A-C, Altshedata hispanica n. sp.; A, B, longitudinal section showing vesicles, paratype SMF 21.144; C, longitudinal section 
showing lunarial deposits in exozone, paratype SMF 21.142; D-G, Altshedata gracilis n. sp.; D, tangential section showing autozoo
ecial apertures, holotype SMF 21.150; E, tangential section, paratype SMF 21.155; F, G, longitudinal section, paratype SMF 21.163.   
Scale bars: A, F, 1 mm; B, D, E, 0.2 mm; C, G, 0.5 mm.
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Fig. 7. — A-D, Altshedata gracilis n. sp.; longitudinal section autozooecia and walls, paratype SMF 21.164; D, longitudinal section 
showing autozooecia with lunaria and style-like projections, holotype SMF 21.150; E, F, Fistulipora arauzensis n. sp., longitudinal 
sections of multilayered colonies, paratype SMF 21.170.  Scale bars: A, B, D, 1 mm; C, 0.2 mm; E, F, 2 mm.
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Paratypes. — SMF 21.151-SMF 21.164. 

Etymology. — The species name refers to the small sizes 
of colonies and autozooecia of the new species (derived 
from Latin “gracilis” = slender).

Type locality. — Arauz Sur (Arroyo section), Province 
of Palencia, NW-Spain (Cantabrian Mountains).

Type horizon. — Lebanza Formation, Lower Devo-
nian (Pragian).

Diagnosis. — Encrusting colonies; autozooecia pris-
matic; autozooecial diaphragms common, straight, thin; 
lunaria well-developed, prominent; megazooecia or other 
heterozooecia not observed; vesicles occasionally present, 
never isolating autozooecia; communication pores absent; 
maculae not observed.

Description

Encrusting colonies, 0.9-1.2 mm thick. Auto-
zooecia prismatic, budding from the basal epi-
theca, hemispherical to trapezoidal at their bases, 
becoming rhombic to hexagonal, recumbent in 
proximal parts, then bending sharply and inter-
secting colony surface at right angles. Autozooe-
cial diaphragms common, straight, thin, locally 
absent. Autozooecial apertures rounded-polygonal. 
Lunaria well-developed, prominent, rounded, 
deeply indenting autozooecial cavity, originating 
from bases of autozooecia, consisting of hyaline 
material. Heterozooecia not observed. Vesicles 
rarely present, irregular in shape and size, occur-
ring at the base of exozone. Autozooecial walls in 
the endozone granular, straight, 0.005-0.010 mm 
thick; in exozone irregularly thickened, showing 
indistinct granular microstructure with deep an-
nulations, 0.03-0.05 mm thick. Short style-like 
projections present in autozooecial walls and 
in the granular skeleton on the colony surface. 
Communication pores not observed. Maculae 
not observed.

Comparison

Altshedata gracilis n. sp. differs from Altshedata 
hispanica n. sp. in having smaller autozooecia 
(average autozooecial width 0.27 vs 0.3 mm in 
A. hispanica), presence of megazooecia and the 
absence of style-like projections in autozooecial 
walls.

Family Fistuliporidae Ulrich, 1882

Genus Fistulipora M'Coy, 1849

Type species. — Fistulipora minor M’Coy, 1849 [Calamopora 
incrustans Phillips, 1836], by subsequent designation (Milne 
Edwards & Haime 1850). Lower Carboniferous; England.

Diagnosis. — Massive, encrusting, or branched colonies. 
Cylindrical autozooecia with thin walls and complete 
diaphragms. Apertures rounded, with horseshoe-shaped 
lunaria. Autozooecia separated by extrazooidal vesicular 
skeleton. Maculae often developed.

Occurrence. — Ordovician to Permian; worldwide.

Comparison

Fistulipora M’Coy, 1849 differs from Eridopora Ulrich, 
1882 in having rounded, horseshoe-shaped rather than 
triangular lunaria. Furthermore, Eridopora develops 
persistently encrusting colonies, whereas Fistulipora 
may also develop massive and branched colonies.

Fistulipora arauzensis n. sp. 
(Figs 7E, F; 8A-E; Appendix)

Holotype. — SMF 21.165.

Paratypes. — SMF 21.166-SMF 21.191.

Etymology. — The species name refers to Arauz Sur, 
the locality where the new species was found.

Type locality. — Arauz Sur (Arroyo section), Province 
of Palencia, NW-Spain (Cantabrian Mountains).

Type horizon. — Lebanza Formation, Lower Devo-
nian (Pragian).

Diagnosis. — Encrusting colonies with multilayered 
secondary overgrowths; autozooecial diaphragms few 
to absent, thin, planar or concave; autozooecial aper-
tures rounded; lunaria small; vesicles abundant both in 
endozone and exozone, moderately large, completely 
isolating autozooecia in 1-2 rows, 6-12 surrounding 
each autozooecial aperture; maculae small, slightly de-
pressed, consisting of vesicular skeleton, spaced widely 
on the colony surface.

Description

Encrusting colonies with multilayered secondary 
overgrowths. Multilayered colonies up to 4.8 mm 
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Fig. 8. — A-E, Fistulipora arauzensis n. sp.; A-B, longitudinal section showing autozooecial and vesicles, paratype SMF 21.170; 
C, D, tangential section showing autozooecial apertures and vesicles, holotype SMF 21.165; E, longitudinal section showing lunarial 
deposits in exozone, paratype SMF 21.174; F, G, Eridopora sp. longitudinal section showing autozooecia and large irregular vesicles, 
SMF 21.192. Scale bars: A, F, G, 1 mm; B, C, E, 0.5 mm; D, 0.2 mm.

A

D

F G

E

B C



706 GEODIVERSITAS • 2012 • 34 (4)

Ernst A. et al.

thick, separate sheets 0.9-3.5 mm thick. Autozooecia 
growing from laminated basal layer. Autozooecial 
diaphragms few to absent, thin, planar or concave. 
Autozooecial apertures rounded. Lunaria small, 
horseshoe-shaped, directed to the nearest macula, 
consisting of hyaline material. Vesicles abundant 
both in endozone and exozone, moderately large, 
box-like, polygonal in tangential section, having 
flattened roofs, completely isolating autozooecia 
in 1-2 rows, 6-12 surrounding each autozooecial 
aperture; in endozone usually higher than those in 
exozone. Moderately thick layer of granular skeleton 
on colony surface often developed. Autozooecial walls 
thick, granular. Maculae small, slightly depressed, 
consisting of vesicular skeleton, 0.05-0.06 mm 
in diameter, spaced widely on the colony surface.

Comparison

Fistulipora arauzensis n. sp. is similar to F. compacta 
Astrova, 1964 from the Lower Devonian (Lochko-
vian) of Ukraine. The new species differs in hav-
ing larger vesicles (vesicle diameter 0.07-0.018 vs 
0.04-0.12 mm in F. compacta) and wider spaced 
autozooecia. Fistulipora arauzensis is also similar 
to F. trifoliata Schlütter, 1889 from the Middle 
Devonian of the Eifel but differs from it in having 
smaller lunaria and larger autozooecial apertures 
(0.14-0.24 vs 0.12-0.20 mm in F. trifoliata).

Genus Eridopora Ulrich, 1882

Type species. — Eridopora macrostoma Ulrich, 1882, 
by original designation. Lower Carboniferous; North 
America.

Occurrence. — Devonian to Permian; worldwide.

Diagnosis. — Thin encrusting colonies. Oval apertures 
with strongly developed lunaria of distinctly triangular 
in shape. Cylindrical autozooecia with thin walls and 
complete diaphragms. Vesicular skeleton consists of 
angular vesicles. 

Eridopora sp. 
(Figs 8F-G, 9A, B; Appendix)

Material. — SMF 21.192-SMF 21.193.

Occurrence. — Lebanza Formation, Lower Devonian 
(Pragian); Arauz Sur (Arroyo section), Palencia, NW 
Spain (Cantabrian Mountains).

Description

Encrusting colonies 1.05-1.44 mm thick. Autozooe-
cia growing from laminated basal layer. Autozooecial 
diaphragms few to absent, thin, planar or concave. 
Autozooecial apertures rounded to oval. Lunaria large, 
sharply triangular, consisting of hyaline material. Vesicles 
abundant both in endozone and exozone, moderately 
large, box-like, polygonal in tangential section, having 
flattened roofs, not completely isolating autozooecia, 
arranged commonly in a single row between autozooecia 
and 7-8 rows surrounding each autozooecial aperture. 
Layer of granular skeleton on colony surface thin. Au-
tozooecial walls thin, granular. Maculae not observed.

Comparison

The present material is similar to Eridopora orbicu-
lata (Kiepura, 1973) from the Middle Devonian of 
Poland and Germany, in the absence of acanthostyles 
skeleton but differs in having larger apertures (aver-
age autozooecial aperture width 0.31 vs 0.25 mm 
in E. orbiculata).

Petalosis n. gen.

Etymology. — The genus name refers to the peta-
loid shape of autozooecial apertures due to spine-like 
indentions.

Type species. — Petalosis clarus n. sp. Lebanza Formation, 
Lower Devonian (Pragian); Arauz Sur (Arroyo section), 
Province of Palencia, NW-Spain (Cantabrian Mountains).

Diagnosis. — Encrusting colonies with secondary 
overgrowths; autozooecial apertures circular to oval; au-
tozooecia growing from thick epitheca, bending sharply 
at their bases towards colony surface; basal diaphragms 
common to abundant; lunaria well developed, promi-
nent, horseshoe shaped to triangular, containing 2-3 
styles; one or two pairs of spine-like indentions in lateral 
parts of proximal ends of autozooecia; vesicles large and 
high, irregularly shaped, polygonal in tangential section, 
box-like to hemispherical, with plane or concave roofs; 
bands of large and irregularly shaped vesicles occurring; 
acanthostyles between autozooecial apertures; autozooecial 
walls granular in endozones and laminated in exozones; 
maculae not observed.
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Fig. 9. — A, B, Eridopora sp., tangential section showing autozooecial apertures with triangular lunaria, SMF 21.193; C-H, Petalosis 
clarus n. gen. n. sp.; C, longitudinal section showing autozooecia and vesicles, holotype SMF 21.194; D, E, transverse section showing 
lunaria, paratype SMF 21.200; F, tangential section, holotype SMF 21.194; G, H, tangential section showing autozooecial apertures 
with styles (arrows), paratype SMF 21.200. Scale bars: A, F, 1 mm; B, C, G, 0.2 mm; D, 0.5 mm; E, 0.25 mm; H, 0.1 mm.
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Comparison

Petalosis n. gen. differs from Fistuliporella Simpson, 
1895 in having spine-like indentions in autozooe-
cial apertures.

Petalosis clarus n. gen., n. sp. 
(Figs 9C-H, 10A-C; Appendix)

Etymology. — The species name refers to the distinct 
morphology of the species (derived from Latin “clarus” = 
clear, distinct).

Holotype. — SMF 21.194.

Paratypes. — SMF 21.194-SMF 21.206.

Type locality. — Arauz Sur (Arroyo section), Province 
of Palencia, NW-Spain (Cantabrian Mountains).

Type horizon. — Lebanza Formation, Lower Devo-
nian (Pragian).

Diagnosis. — As for genus.

Description

Encrusting colonies, secondary overgrowths com-
mon. Encrusting sheets 0.8 to 3.3 mm in thick-
ness. Autozooecia growing from thick epitheca, 
bending sharply at their bases towards colony 
surface. Autozooecial apertures circular to oval. 
Basal diaphragms common to moderately abun-
dant, closely spaced, thin, horizontal or inclined. 
Lunaria well developed, laminated, prominent, 
horseshoe shaped to triangular, often containing 
2-3 styles. One or two pairs of spine-like inden-
tions occurring in lateral parts of proximal ends 
of autozooecia. Vesicles large and high, irregularly 
shaped, polygonal in tangential section, box-like 
to hemispherical, with plane or concave roofs, 3-8 
surrounding each autozooecial aperture. Bands 
of large and irregularly shaped vesicles present. 
Acanthostyles between autozooecial apertures 
common, 0.0.25-0.035 mm in diameter, hav-
ing distinct hyaline cores and wide laminated 
sheaths. Autozooecial walls granular, 0.005-0.010 
thick in endozones; thick, laminated in exozones. 
Maculae not observed.

Order Trepostomata Ulrich, 1882 
Suborder Halloporina Astrova, 1965 

Family Trematoporidae Miller, 1889

Genus Neotrematopora Morozova, 1961

Type species. — Neotrematopora typica Morozova, 1961, 
by original designation. Middle Devonian, Givetian; 
Siberia, Russia.

Occurrence. — Lower – Upper Devonian; Altai, Si-
beria, Kazakhstan, China. Lower Carboniferous; Altai 
and Siberia.

Diagnosis. — Branched, less commonly encrusting colo-
nies. Autozooecia with polygonal to rounded-polygonal 
apertures. Autozooecial diaphragms rare, restricted to 
exozones. Mesozooecia abundant, with abundant dia-
phragms, partly sealed by calcitic skeleton. Acanthostyles 
usually abundant. Autozooecial walls thin in endozone; 
laminated, regularly thickened in exozones displaying 
merged to serrated microstructure.

Comparison

Neotrematopora Morozova, 1961 differs from Mi-
nussina Morozova, 1961 in having partly merged 
autozooecial walls, which in Minussina are distinctly 
serrated with ridges on the colony surface at the 
zooecial boundaries.

Neotrematopora tenuis n. sp. 
(Figs 10D-G; 11A; 22E, F; Appendix)

Holotype. — SMF 21.207.

Paratypes. — SMF 21.208-SMF 21.211.

Etymology. — The species name refers to the thin 
colony (derived from Latin “tenuis” = thin).

Type locality. — Arauz Sur (Arroyo section), Province 
of Palencia, NW-Spain (Cantabrian Mountains).

Type horizon. — Lebanza Formation, Lower Devo-
nian (Pragian).

Diagnosis. — Encrusting colonies; autozooecial apertures 
rounded-polygonal; autozooecial diaphragms common 
to abundant; mesozooecia common, 2-5 surrounding 
each aperture; acanthostyles moderately large, common 
to abundant, 2-5 surrounding each aperture; exozonal 
walls distinctly laminated, often with secondary cingulum; 
maculae consisting larger autozooecia present.
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Fig. 10. — A-C, Petalosis clarus n. gen., n. sp.: A, B, autozooecial apertures with styles (arrows), paratype SMF 21.200; C, longitudinal 
section showing autozooecia with diaphragms and vesicles, holotype SMF 21.194; D-G, Neotrematopora tenuis n. sp.; D, E, tangen-
tial section showing autozooecial apertures and acanthostyles, holotype SMF 21.207; F, longitudinal section, holotype SMF 21.207; 
G, longitudinal section, paratype SMF 21.211. Scale bars: A, E, 0.2 mm; B, 0.1 mm; C, 1 mm; D, F, G, 0.5 mm.
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Description

Encrusting colonies, 0.47-1.11 mm in thickness. 
Autozooecia budding from a thin epitheca, for a 
short interval oriented parallel to the substrate then 
bending sharply and intersecting the colony surface 
at right angles. Autozooecial apertures rounded-
polygonal. Autozooecial diaphragms common to 
abundant, thick, straight or slightly deflected proxi-
mally. Mesozooecia common, 2-5 surrounding each 
aperture, polygonal in cross section, often beaded, 
irregular, containing planar diaphragms. Acantho-
styles moderately large, abundant, 2-5 surround-
ing each aperture, originating in the distal part of 
exozone, sometimes indenting autozooecia, having 
distinct calcite cores and dark laminated sheaths. 
Walls in endozone granular, 0.010-0.015 mm thick; 
in exozone distinctly laminated; 0.03-0.08 mm 
thick. Cingulum often developed, 0.005-0.025 mm 
thick, laminated parallel to autozooecial wall sur-
face. Maculae consisting of larger autozooecia, 
0.78-0.93 mm in diameter.

Comparison

Neotrematopora tenuis n. sp. is similar to N. peta-
loides (Astrova, 1954) from the Lower Devonian 
(Lochkovian) of Ukraine. The new species dif-
fers in having encrusting colony, more abundant 
diaphragms and less abundant acanthostyles (2-5 
around each aperture vs 4-7 in N. petaloides). 

Family Heterotrypidae Ulrich, 1890

Genus Leioclema Ulrich, 1882

Type species. — Callopora punctata Hall, 1858, by 
subsequent designation (Ulrich 1882). Lower Carbon-
iferous; Iowa (USA).

Occurrence. — Lower Silurian to Upper Carbonifer-
ous; worldwide.

Diagnosis. — Encrusting, branched, less commonly massive 
colonies. Autozooecia with polygonal to rounded-polygonal, 
sometimes petaloid apertures. Autozooecial diaphragms 
rare. Mesozooecia abundant, with abundant diaphragms, 
often beaded. Acanthostyles abundant, commonly large. 
Autozooecial walls thin in endozone; laminated, regularly 
thickened in exozones (modified from Astrova 1978).

Comparison

Leioclema Ulrich, 1882 differs from Heterotrypa 
Nicholson, 1879 in having rare autozooecial dia-
phragms and abundant acanthostyles and mesozo-
oecia, and from Stigmatella Ulrich & Bassler, 1904 
in having abundant mesozooecia.

Leioclema arauzensis n. sp. 
(Fig. 11B-G; Appendix)

Holotype. — SMF 21.212.

Paratypes. — SMF 21.213-SMF 21.220.

Etymology. — The species name refers to Arauz Sur, 
the locality where the new species was found.

Type locality. — Arauz Sur (Arroyo section), Province 
of Palencia, NW-Spain (Cantabrian Mountains).

Type horizon. — Lebanza Formation, Lower Devo-
nian (Pragian).

Occurrence. — Lebanza Formation, Lower Devo-
nian (Pragian); Arauz Sur (Arroyo section), Palencia, 
NW-Spain (Cantabrian Mountains). Lower Devonian 
(Emsian); Altai Mountains, Russia. Lower Devonian 
(Pragian-Emsian); Mongolia.

Diagnosis. — Encrusting colonies; autozooecial dia-
phragms few to absent; 2-5 mesozooecia surrounding 
each aperture; 2-6 moderately large acanthostyles sur-
rounding each aperture.

Description

Encrusting colonies, 0.48-0.96 mm in thickness. Auto-
zooecia budding from a thin epitheca, briefly oriented 
parallel to the substrate, then bending sharply and 
intersecting the colony surface at right angles. Auto-
zooecial apertures rounded-polygonal to petaloid due 
to indenting acanthostyles. Autozooecial diaphragms 
few to absent, thin, straight or slightly deflected 
proximally. Mesozooecia abundant, 2-5 surround-
ing each aperture, polygonal in cross section, slightly 
beaded, containing planar diaphragms. Acanthostyles 
moderately large, abundant, 2-6 surrounding each 
aperture, originating from the base of exozone, often 
indenting autozooecia, having distinct calcite cores and 
dark laminated sheaths. Walls granular, in endozone 
0.010-0.015 mm thick; in exozone 0.025-0.065 mm 
thick, distinctly laminated. Maculae not observed.
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Fig. 11. — A, Neotrematopora tenuis n. sp., longitudinal section showing mesozooecium and zooecial walls, paratype SMF 21.211; 
B-G, Leioclema arauzensis n. sp.; B, tangential section showing autozooecial apertures, mesozooecia and abundant acanthostyles, 
holotype SMF 21.212; C, longitudinal section showing autozooecia and mesozooecia with diaphragms, holotype SMF 21.212; 
D, E,  longitudinal section showing autozooecia with diaphragms and mesozooecia, paratype SMF 21.218; F, longitudinal section, 
paratype SMF 21.219; G, tangential section, paratype SMF 21.215. Scale bars: A, B, 0.2 mm; C-G, 0.5 mm.
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Comparison

Leioclema arauzensis n. sp. is similar to L. passit-
abulatum Duncan, 1939 from the Lower-Middle 
Devonian of USA and Europe, but differs in hav-
ing fewer mesozooecia (2-5 vs 4-10 mesozooecia 
around autozooecial aperture in L. passitabulatum). 

Leioclema multiacanthoporum 
(Astrova in Astrova & Yaroshinskaya, 1968) 

(Fig. 12A-F; Appendix)

Lioclema multiacanthoporum Astrova in Astrova & Ya-
roshinskaya, 1968: 54, pl. 2, fig. 3. — Kopajevich 1984: 
62, pl. 17, fig. 2.

Material. — SMF 21.221-SMF 21.226.

Description

Branched colonies, branches 1.8-3.1 mm in di-
ameter, with 0.57-1.09 mm wide exozones and 
0.66-0.92 mm wide endozones. Autozooecia 
budding from a thin epitheca, briefly oriented 
parallel to the substrate, then bending sharply 
and intersecting the colony surface at right angles. 
Autozooecial apertures rounded-polygonal to peta-
loid due to indenting acanthostyles. Autozooecial 
diaphragms rare to absent, thin, straight or slightly 
deflected proximally. Mesozooecia common, lo-
cally abundant, 2-5 surrounding each aperture, 
polygonal in cross section, slightly beaded, con-
taining planar diaphragms. Acanthostyles mod-
erately large, abundant, 4-9 surrounding each 
aperture, originating from the base of exozone, 
often indenting autozooecia, having distinct 
calcite cores and dark laminated sheaths. Walls 
granular, 0.010-0.015 mm thick in endozones; 
distinctly laminated, 0.025-0.065 mm thick in 
the exozone. Maculae not observed.

Comparison

Leioclema multiacanthoporum is similar to L. elegans 
Ernst, 2008 from the Lower Devonian of Prague 
Basin and NW-Spain (Ernst 2011), but differs from 
the latter in having more abundant acanthostyles 
(4-9 vs 3-6 in L. elegans) and smaller distances be-
tween aperture centres (0.20 mm vs 0.26 mm in 
L. elegans on average).

The Spanish material described here is more similar 
to the original description of Astrova (Astrova & 
Yaroshinskaya 1968) than Mongolian material which 
differs in having thicker stems (5-10 mm vs 2-3 mm 
in material from Altai and Spain). Consequently, 
the Mongolian representatives of this species have a 
larger number of mesozooecia (4-9 vs 4-7 and 2-5 
in Altai and Spanish material respectively).

Suborder Amplexoporina Astrova, 1965 
Family Eridotrypellidae Morozova, 1960

Genus Eridotrypella Duncan, 1939

Type species. — Batostomella obliqua Ulrich, 1890, by 
subsequent designation (Duncan 1939). Middle Devo-
nian; Michigan (USA).

Occurrence. — Silurian-?Carboniferous; worldwide.

Diagnosis. — Branched colonies. Autozooecial apertures 
irregularly polygonal. Autozooecial walls laminated, without 
distinct zooecial boundaries, irregularly thickened, contain-
ing spherules. 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 branched 
vs encrusting or massive colonies).

Eridotrypella validaeformis n. sp. 
(Figs 12G-I; 13A-C; Appendix)

Holotype. — SMF 21.227.

Paratypes. — SMF 21.228-SMF 21.237.

Etymology. — The species name refers to the similar-
ity with the species Eridotrypella valida Duncan, 1939. 
Type locality. — Arauz Sur (Arroyo section), Province of 
Palencia, NW-Spain (Cantabrian Mountains).

Type horizon. — Lebanza Formation, Lower Devo-
nian (Pragian).

Diagnosis. — Ramose branched colonies with narrow, 
distinctly separated exozones; autozooecial diaphragms 
rare; exilazooecia rare; acanthostyles rare to common, up 
to 3 surrounding autozooecial apertures; maculae with 
slightly larger autozooecia.
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Fig. 12. — A-F, Leioclema multiacanthoporum (Astrova in Astrova & Yaroshinskaya, 1968): A-C, branch oblique section showing au-
tozooecia, mesozooecia and acanthostyles, SMF 21.225; D, branch transverse section, SMF 21.221; E, longitudinal section showing 
autozooecia and mesozooecia, SMF 21.222; F, tangential section showing autozooecial apertures, mesozooecia and acanthostyles, 
SMF 21.226; G-I, Eridotrypella validaeformis n. sp.: G, branch oblique section, paratype SMF 21.385; H, longitudinal section show-
ing autozooecia with diaphragms, holotype SMF 21.227; I, tangential section showing autozooecial apertures and rare exilazooecia, 
holotype SMF 21.227. Scale bars: A-C, I, 1 mm; D, G, 2 mm; E, F, 0.2 mm; H, 0.5 mm.
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Description

Ramose branched colonies, branches 1.72-2.99 mm 
in diameter. Exozones 0.36-0.72 mm wide, endo-
zones 0.88-1.94 mm wide. Exozones distinctly 
separated from endozones. Secondary overgrowths 
occurring. Autozooecia polygonal in transverse 
section, long in endozones, bending sharply in 
exozones and intersecting colony surface at angles 
of 77-83°. Autozooecial apertures polygonal with 
rounded corners. Autozooecial diaphragms rare to 
common, straight, thin, occurring mainly in the 
distal parts of autozooecia. Exilazooecia rare, short, 
rounded-polygonal in cross section. Acanthostyles 
rare to common, up to 3 surrounding autozooecial 
apertures, moderately large, having distinct narrow 
cores and laminated sheaths. Autozooecial walls 
in endozones granular, locally crenulated, 0.005-
0.010 mm thick; in exozones finely laminated, ir-
regularly thickened, merged, containing spherules, 
0.03-0.06 mm thick. Laminated cingulum locally 
developed, 0.005-0.010 mm thick. Maculae con-
sisting of slightly larger autozooecia.

Comparison

Eridotrypella validaeformis n. sp. differs from E. val-
ida Duncan, 1939 from the Middle Devonian of 
Michigan, in having thinner branches and smaller 
autozooecia (autozooecial aperture widths 0.12-
0.17 mm vs 0.21-0.25 mm in E. valida). Eridot-
rypella validaeformis n. sp. differs from E. minuta 
Morozova, 1961 from the Upper Devonian of 
Kuznetzk Basin, in having fewer acanthostyles and 
in the presence of maculae.

Family Atactotoechidae Duncan, 1939

Genus Leptotrypella Vinassa de Regny, 1921

Type species. — Chaetetes barrandei Nicholson, 1874, 
by subsequent designation (Vinassa de Regny 1921). 
Middle Devonian; Ontario (Canada).

Occurrence. — Middle Silurian to Lower Carbonifer-
ous; worldwide.

Diagnosis. — Branched colonies. Autozooecia with 
polygonal to rounded-polygonal apertures. Autozooecial 
diaphragms lacking in endozones; rare to common in 

exozones. Exilazooecia rare. Acanthostyles long, com-
mon to abundant. Autozooecial walls granular, thin in 
endozones; laminated, irregularly thickened in exozones 
(modified after Astrova 1978).

Comparison

Leptotrypella Vinassa de Regny, 1921 differs from 
Leptotrypa Ulrich, 1883 in having branched colo-
nies, and from Anomalotoechus Duncan, 1939 in 
having branched colonies and lacking diaphragms 
in endozones.

Leptotrypella armata n. sp. 
(Figs 13D, E; 14A-F; Appendix)

Etymology. — The species name refers to the abun-
dant and massive acanthostyles (derived from Latin 
“armata”= armoured)

Holotype. — SMF 21.238.

Paratypes. — SMF 21.239-SMF 21.253, SMF 21.385.

Type locality. — Arauz Sur (Arroyo section), Province 
of Palencia, NW-Spain (Cantabrian Mountains).

Type horizon. — Lebanza Formation, Lower Devo-
nian (Pragian).

Diagnosis. — Branched colonies with distinct endo-
zones and exozones; autozooecial diaphragms absent in 
endozones, common to abundant, thin and straight in 
exozones; exilazooecia locally common; acanthostyles 
moderately large, abundant, 5-12 surrounding each 
autozooecial aperture; mural spines abundant; maculae 
not observed.

Description

Branched colonies. Branches 0.81-1.35 mm in di-
ameter. Exozones 0.24-0.48 mm wide, endozones 
0.27-0.71 mm wide. Autozooecia long, having a 
polygonal shape in transverse section in endozones, 
bending sharply in exozones and intersecting colony 
surface at angles of 88-90°. Autozooecial apertures 
oval to slightly polygonal. Autozooecial diaphragms 
absent in endozones; common to abundant, thin, 
straight in exozones. Exilazooecia locally common, 
short, restricted to exozones, rounded to oval in cross 
section. Acanthostyles moderately large, varying in 
size, abundant, 5-12 surrounding each autozooecial 
aperture, growing from the base of the exozone, hav-
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Fig. 13. — A-C, Eridotrypella validaeformis n. sp.: A, longitudinal section showing autozooecia with diaphragms and wall microstructure, 
holotype SMF 21.227; B, tangential section autozooecial apertures and an exilazooecium, holotype SMF 21.227; C, branch transverse 
section showing narrow exozone, paratype SMF 21.230; D, E, Leptotrypella armata n. sp., longitudinal section showing autozooecia 
with diaphragms, holotype SMF 21.238. Scale bars: A, B, 0.2 mm; C, D, 1 mm; E, 0.5 mm.
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ing distinct cores and laminated sheaths. Autozooe-
cial walls in endozones granular, 0.010-0.015 mm 
thick; in exozones laminated, merged, without 
distinct zooecial boundaries, 0.035-0.070 mm 
thick. Mural spines abundant, 0.015-0.020 mm 
in diameter. Maculae not observed.

Comparison

Leptotrypella armata n. sp. differs from L. elliptica 
Kopajevich, 1984 from the Middle-Upper De-
vonian of Mongolia, in having thinner branches 
(branch width 0.81-1.35 mm vs 2.0-2.2 mm in 
L. elliptica), and smaller apertures (aperture width 
0.05-0.10 mm vs 0.07-0.13 mm in L. elliptica).

Order Cryptostomata Vine, 1884 
Suborder Rhabdomesina  

Astrova & Morozova, 1956 
Family Rhabdomesidae Vine, 1884

Genus Orthopora Hall, 1886

Type species. — Trematopora regularis Hall, 1874, by sub-
sequent designation (Hall 1886). Lower Devonian; USA.

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

Diagnosis. — Branched colonies. Autozooecia short, 
budding 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. Autozooecial apertures oval, arranged regularly in 
alternating rows on the colony surface. Walls granular in 
the endozone; laminated in exozone. Paurostyles abun-
dant, prominent. Acanthostyles present, less abundant 
than paurostyles. Heterozooecia absent.

Comparison

Orthopora Hall, 1886 differs from Trematella Hall, 
1886 in lacking metazooecia and in the presence 
of well developed hemisepta.

Orthopora spinosa n. sp. 
(Figs 14G-I; 15A-C; Appendix)

Holotype. — SMF 21.254.

Paratypes. — SMF 21.255-SMF 21.293.

Etymology. — The species name refers to the pres-
ence of abundant acanthostyles (derived from Latin 
“spinosus” – spiny).

Type locality. — Arauz Sur (Arroyo section), Province 
of Palencia, NW-Spain (Cantabrian Mountains).

Type horizon. — Lebanza Formation, Lower Devo-
nian (Pragian).

Diagnosis. — Branched colonies; bifurcations common; 
both superior and inferior hemisepta well developed; 
paurostyles absent; acanthostyles abundant, arranged in 
single row between autozooecia, varying in size.

Description

Branches 0.48-0.75 mm in diameter, with 0.19-
0.35 mm wide endozones and 0.14-0.22 mm wide 
exozones. Branch bifurcations common. Transverse 
sections of branches circular. Autozooecia short, grow-
ing in spiral pattern from the distinct median axis at 
angles of 35-51° in endozones, abruptly bending in 
exozones and intersecting colony surface at angles of 
51-71°; having polygonal, tear-drop shape in transverse 
sections of endozone. Autozooecial diaphragms rare 
to absent. Long superior hemisepta present, curved 
proximally; inferior hemisepta long, positioned be-
neath superior hemisepta, curved distally. Autozooecial 
apertures oval, arranged regularly in alternating rows 
on the colony surface. Walls in the endozone granu-
lar, 0.005-0.010 mm thick; in exozone laminated. 
Acanthostyles abundant, arranged in longitudinal 
rows between apertures, slightly varying in size, hav-
ing narrow hyaline cores and wide laminated sheaths. 
Heterozooecia absent.

Comparison

Orthopora spinosa n. sp. is similar to O. sincera 
Ernst, 2011 from the Lower to Middle Devo-
nian of NW Spain but differs in having thinner 
branches (average branch width 0.62 mm vs 
0.74 mm in O. sincera), and in the smaller and 
more widely spaced apertures (average aperture 
spacing along branch 0.28 mm vs 0.36 mm in O. 
sincera). Orthopora spinosa n. sp. differs from O. 
tenuis Ernst, 2008 in having smaller autozooecial 
apertures (average aperture width 0.050 mm vs 
0.076 mm in O. tenuis).
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Fig. 14. — A-F, Leptotrypella armata n. sp.: A, B, tangential section showing autozooecial apertures and acanthostyles, holotype SMF 21.238; 
C, tangential section showing autozooecial walls with abundant mural spines, paratype SMF 21.239; D, E, transverse section showing au-
tozooecia with abundant diaphragms and autozooecial wall with mural spines, paratype SMF 21.239; F, longitudinal section, paratype SMF 
21.252; G-I, Orthopora spinosa n. sp.; G, H, longitudinal section showing autozooecia with hemisepta, holotype SMF 21.254; I, tangential 
section showing autozooecial apertures and acanthostyles, holotype SMF 21.254. Scale bars: A-C, E, F, 0.2 mm; D, G, H, 0.5 mm; I, 1 mm.
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Genus Vidronovella Gorjunova, 2006

Type species. — Vidronovella fastigiata Gorjunova, 
2006, by original designation. Late Devonian (Famen-
nian); Afghanistan.

Occurrence. — Lower Devonian of Spain, Middle 
Devonian of Western Sahara and Germany, Upper De-
vonian of Afghanistan.

Diagnosis. — Colonies branched. Autozooecia tubu-
lar, short, budding from indistinct medial axis or short 
mesotheca in spiral order around the branch, oriented at 
high angles to the branch axis. Autozooecial diaphragms 
absent. Proximal part of autozooecia thickened in the 
outermost exozone (“fastigia” sensu Gorjunova 2006). 
Both superior and inferior hemisepta present, located 
in the distal part of autozooecia. Superior hemiseptum 
moderately long, hook-shaped, curved distally, positioned 
at the base of the thicken exozone (“fastigium” sensu 
Gorjunova 2006); inferior hemiseptum long, slender, 
occupying two-thirds of body cavity of autozooecia, 
positioned beneath superior hemisepta, curved distally. 
Secondary blunt hemisepta may occur, one proximally 
to the superior hemiseptum, and another one distally 
to the inferior hemiseptum. Autozooecial apertures oval 
to rounded-rhombic, arranged regularly in alternating 
rows on the colony surface. Acanthostyles large and 
blunt, with narrow hyaline cores and wide laminated 
sheaths, embedded in the skeleton. Single or two acan-
thostyles positioned between two longitudinally succes-
sive autozooecial apertures. Paurostyles occur in one 
species, irregularly distributed between acanthostyles. 
Heterozooecia absent. Walls granular in the endozone; 
laminated in exozone, becoming structureless near the 
colony surface. Mural spines may occur.

Comparison

The genus Vidronovella Gorjunova, 2006 is placed 
here in the family Rhabdomesidae Vine, 1884 be-
cause of the autozooecial shape as well as the pres-
ence of hemisepta and acanthostyles. Vidronovella 
is similar to Orthopora Hall, 1886, but differs from 
in the short autozooecia and the high budding angle 
of the autozooecia in the axial area.

Vidronovella elegantula n. sp.  
(Figs 15D-I; 16A, B; Appendix)

Etymology. — The species name “elegantula” refers 
to the small size and general delicate appearance of the 
new species (derived from Latin “elegans” = elegant).

Holotype. — SMF 21.294.

Paratypes. — SMF 21.295-SMF 21.412.

Type locality. — Arauz Sur (Arroyo section), Prov-
ince of Palencia, NW-Spain (Cantabrian Mountains).

Type horizon. — Lebanza Formation, Lower Devo-
nian (Pragian).

Diagnosis. — Branched colonies; bifurcation com-
mon; single superior and single inferior hemisepta 
well developed; paurostyles absent; 4-6 acanthostyles 
surrounding each autozooecial aperture; heterozooecia 
absent; mural spines absent.

Description

Branches 0.59-0.96 mm in diameter, with 0.23-
0.49 mm wide endozones and 0.16-0.26 mm 
wide exozones. Branch bifurcation common. 
Transverse sections of branches circular. Au-
tozooecia short, budding from distinct me-
dial axis in spiral order at angles of 45-60°. 
Autozooecial diaphragms absent. Superior 
hemiseptum moderately long, hook-shaped, 
curved proximally; inferior hemiseptum long, 
slender, occupying two-thirds of body cavity 
of autozooecia, positioned beneath superior 
hemisepta, inclined distally, widened laterally. 
Autozooecial apertures oval, arranged regularly 
in alternating rows on the colony surface. Walls 
in the endozone granular, 0.005-0.010 mm 
thick; laminated in exozone. Acanthostyles 
having distinct hyaline cores and wide lami-
nated sheaths, regularly sized, single or two 
positioned between two longitudinally succes-
sive autozooecial apertures, 4-6 surrounding 
each aperture. Acanthostyles often sealed by a 
thick layer of laminated skeleton on the colony 
surface. Mural spines absent.

Comparison

Vidronovella elegantula n. sp. differs from V. fas-
tigiata Gorjunova, 2006 in having of 4-6 instead 
of 4 acanthostyles surrounding each autozooecial 
aperture, and from V. intricata Ernst, 2011 in the 
absence of mural spines and in the presence of 
single hemisepta instead of the double hemisepta 
found in V. intricata. 
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Fig. 15. — A-C, Orthopora spinosa n. sp.; A, branch transverse section showing autozooecia growing from distinct median axis, paratype 
SMF 21.258; B, C, tangential section showing apertures and acanthostyles, paratype SMF 21.268; D-I, Vidronovella elegantula n. sp.: 
D, branch oblique section, holotype SMF 21.294; E, F, tangential section showing autozooecial apertures and distribution of acantho-
styles, holotype SMF 21.294; G, H, longitudinal section showing autozooecia with hemisepta, holotype SMF 21.294; I, branch transverse 
section showing autozooecia growing from distinct median axis, paratype SMF 21.312. Scale bars: A, C, E-G, 0.2 mm; B, H, I, 0.5 mm. 
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? Family Rhomboporidae Simpson, 1895

Rhomboporidae sp. indet. 
(Figs 16C-I; Appendix)

Material. — SMF 21.313-SMF 21.314.

Description

Branches 0.78-0.81 mm in diameter, with 0.23-
0.26 mm wide endozones and 0.25-0.30 mm wide 
exozones. Branch bifurcation not observed. Auto-
zooecia short, growing in spiral pattern from the 
distinct median axis. Autozooecial diaphragms 
locally present, thin, curved. Hemisepta absent. 
Autozooecial apertures oval, arranged regularly in 
alternating rows on the colony surface. Walls in the 
endozone granular, 0.015-0.020 mm thick; lami-
nated in exozone. Acanthostyles absent. Paurostyles 
abundant, scattered between apertures. Aktinoto-
styles irregularly distributed. Metazooecia present, 
usually one between two longitudinally successive 
autozooecial apertures.

Comparison

This species shows similarities to the family Rhom-
boporidae Simpson, 1895 in the presence of ak-
tinotostyles and paurostyles and in autozooecial 
shape. However, metazooecia are rare in all genera of 
Rhomboporidae. The present material differs from 
Rhombopora Meek, 1872 in lacking acanthostyles 
and in the regular presence of metazooecia, and 
from Saffordotaxis in the presence of metazooecia 
and paurostyles (aktinotostyles are the only styles 
present in Saffordotaxis). 

Order Fenestrata Astrova & Morozova, 1956 
Suborder Fenestellina 
Astrova & Morozova, 1956 

Family Fenestellidae King, 1849

Genus Rectifenestella Morozova, 1974

Type species. — Fenestella medvedkensis Schulga-Nes-
terenko, 1951, by subsequent designation (Morozova 
1974). Upper Carboniferous, Kasimovian-Stage; Rus-
sian Platform.

Occurrence. — Lower Devonian-Upper Permian.

Diagnosis. — Reticulate colonies consisting of fine 
to intermediately robust branches and straight dis-
sepiments. Autozooecia triangular to pentagonal in 
mid tangential section. Superior hemisepta present; 
inferior hemisepta absent. Narrow keel with one row of 
intermediate nodes.

Comparison

Rectifenestella differs from Laxifenestella Morozova, 
1974 in the pentagonal shape of the autozooecia 
in mid tangential section and the absence of infe-
rior hemisepta. Rectifenestella differs from Minilya 
Crockford, 1944 in the single row of nodes on the 
keel whereas Minilya has two alternating rows of 
small nodes on the wide keel.

Rectifenestella exiliformis n. sp. 
(Figs 17A-I; 18A-C; Appendix)

Holotype. — SMF 21.314.

Paratypes. — SMF 21.315-SMF 21.332.

Etymology. — The species name refers to the similarity 
with the species R. exilis (Počta, 1894) from the Lower 
Devonian (Pragian) of Czech Republic.

Type locality. — Arauz Sur (Arroyo section), Province 
of Palencia, NW-Spain (Cantabrian Mountains).

Type horizon. — Lebanza Formation, Lower Devo-
nian (Pragian).

Diagnosis. — Reticulate colonies with straight branches 
joined by moderately wide dissepiments; autozooecia 
pentagonal in mid tangential section, arranged in 2 alter-
nating rows on branches, with an additional row shortly 
before bifurcations, 4-7 spaced per length of a fenestrule; 
axial wall zigzag; peristomes containing 10-15 variously 
sized nodes, with 3-6 larger than the others; fenestrules 
oval to rectangular; keels wide, low, with widely spaced, 
stellate nodes; microacanthostyles abundant; large styles 
present on the reverse colony surface.

Description

Reticulate colonies with straight branches, bi-
furcating, joined by dissepiments. Autozooecia 
arranged in 2 alternating rows on branches, with 
additional row shortly before bifurcation, having 
circular apertures with moderately high peristomes, 
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Fig. 16. — A, B, Vidronovella elegantula n. sp., longitudinal section showing autozooecia with long hemisepta, paratype SMF 21.296. 
C-I, Rhabdomesid sp. indet.; C, longitudinal section showing autozooecia, SMF 21.314; D, tangential section showing autozooecial 
apertures and paurostyles, SMF 21.314; E, F, longitudinal section showing autozooecia and a metazooecium (arrow), SMF 21.314; 
G, H, tangential section showing autozooecial apertures, aktinotostyles and paurostyles, SMF 21.313; I, longitudinal section showing 
aktinotostyles, SMF 21.313. Scale bars: A, B, I, H, 0.2 mm; C-F, G, 0.5 mm. 
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Fig. 17. — Rectifenestella exiliformis n. sp.: A, B, tangential section showing obverse branch surface with autozooecial apertures and 
nodes, holotype SMF 21.314; C, mid tangential section showing autozooecial chambers, paratype SMF 21.323; D, tangential section 
of reverse side showing styles, holotype SMF 21.314; E, mid tangential section showing autozooecial chambers, paratype SMF 21.323; 
F, tangential section of obverse side showing stellate nodes, holotype SMF 21.314; G, H, tangential section showing autozooecial 
apertures, paratype SMF 21.326; I, branch transverse section, paratype SMF 21.327. Scale bars: A, 2 mm; B-D, 1 mm; E-H, I, 0.2 mm.
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Fig. 18. — A-C, Rectifenestella exiliformis n. sp.; A, longitudinal section showing autozooecia and massive nodes, paratype SMF 
21.331; B, branch transverse section showing autozooecia, paratype SMF 21.327; C, longitudinal section showing autozooecial 
chambers, internal granular and outer laminated skeleton, paratype SMF 21.319; D, E, Hemitrypa lasutkiniae Waschurova, 1964; 
D, branch transverse section showing branches and superstructure, SMF 21.353; E, branch transverse section, SMF 21.352. Scale 
bars: A, 0.5 mm; B, C, 0.2 mm; D, E, 1 mm.
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4-7 spaced per length of a fenestrule. Peristomes 
containing 10-15 variously sized nodes, of which 
3-6 are significantly larger than the others. Smaller 
nodes 0.010-0.015 mm in diameter, larger nodes 
0.020-0.030 mm in diameter. Fenestrules oval to 
rectangular. Median keel wide, low. Keel nodes 
widely spaced, granular core stellate in shape. Mi-
croacanthostyles on the colony surface abundant, 
regularly spaced in longitudinal rows, 0.01-0.02 mm 
in diameter. Large styles irregularly spaced on the 
reverse colony surface, 0.03-0.06 mm in diameter. 

Interior description
Autozooecia pentagonal in mid tangential section; 
with well-developed long vestibule; axial wall zig-
zag; aperture positioned at distal end of chamber. 
Autozooecial chambers diverging laterally at angles 
of 42-70°. Superior hemisepta indistinct; inferior 
hemisepta absent. Internal granular skeleton con-
tinuous with obverse keel, nodes, peristome and 
across dissepiments, 0.020-0.045 mm thick on the 
branch reverse wall. Outer lamellar skeleton well 
developed, 0.015-0.060 mm thick on the branch 
reverse wall. Terminal diaphragms common.

Comparison

Rectifenestella exiliformis n. sp. is similar to R. exilis 
(Počta, 1894) from the Lower Devonian (Pragian) of 
Czech Republic, but differs in having thicker branches 
(average branch width 0.31 mm vs 0.21 mm in 
R. exilis), more closely spaced autozooecial apertures 
(average distance between aperture centres 0.18 mm 
vs 0.23 mm in R. exilis), and more widely spaced 
branches and dissepiments. Furthermore, R. exilis 
(Počta, 1894) has a row of small nodes on the keel 
instead of the large stellate nodes seen in R. exiliformis. 
Fenestella aff. parallela Hall, 1881 described by Ernst 
et al. (2011: 318-320, figs 8e-g, 9a-d) has a similar 
peristome morphology with variously sized nodes 
and stellate nodes on the median keel. However, this 
species has rectangular shaped autozooecia in mid tan-
gential section and a smaller number of autozooecia 
per fenestrule (2-4 in Fenestella aff. parallela vs 4-7 in 
R. exiliformis). Fenestella (Rectifenestella) asterogrumosa 
Waschurova, 1964 from the Lower Devonian (?Em-
sian) of Tajikistan has a similar peristome morphol-
ogy, stellate nodes on the keel and pentagonal shaped 

autozooecia in mid tangential section. However, this 
species lacks styles on the reverse surface and has 2-3 
autozooecia per fenestrule length instead of 4-7 in 
R. exiliformis. Waschurova (1964: 80) mentioned 7-20 
apertural nodes 0.005-0.015 mm in diameter, without 
stressing variation in size. Figure 1 on Waschurova’s 
plate 27 shows some significantly larger nodes in the 
aperture, however.

The present material is placed in Rectifenestella 
Morozova, 1974 because of the autozooecial chamber 
shape and character of the meshwork. However, the 
morphology of the peristome with variously sized 
nodes is quite unusual for Rectifenestella, which 
usually has stellate structures consisting of 8 rays 
in the apertures. 

Genus Hemitrypa Phillips, 1841

Type species. — Hemitrypa oculata Phillips, 1841, by 
original designation. Devonian; Barton, South Devon, 
England.

Occurrence. — Lower Devonian to Middle Permian; 
worldwide.

Diagnosis. — Reticulate colonies, conical or fan-shaped, 
planar or longitudinally pleated, frontal surface exterior 
if conical. Branches intermediate in width, linear to 
moderately sinuous, closely or intermediately spaced, 
dichotomously divided. Two rows of autozooecia per 
branch, increasing to four rows proximal of branch 
bifurcations in some species; low straight to sinuous 
central keel on obverse side of branch with high nodes, 
composed of core of granular skeleton and sheath of 
laminar skeleton. Laminar wall extensions of keel nodes 
fused together forming a fine meshwork of polygonal 
openings, each opening centred over a zooecial aperture 
in the branch below. Axial wall between autozooecial 
rows zigzag in tangential sections; zooecia not strongly 
inflated laterally, commonly quadrangular or pentagonal 
in tangential section deep within endozone, less com-
monly elongate triangular or semicircular, pentagonal to 
bean-shaped in shallower endozone; maximum diameter 
of zooecia corresponds with either length or height; 
transverse walls at intermediate or high angle to reverse 
wall; superior hemisepta absent or weakly developed, 
other interior structures absent. Small- to large-diameter 
distal tube typically short, opening frontally or slightly 
inclined laterally and perhaps distally; apertural peristome 
present or absent; terminal diaphragms planar where 
present, with central boss in some species. Heterozooecia 
are isolated zooecia with enlarged endozonal chambers 
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(?gynozooecia) present in proximal parts of colonies, or 
spherically inflated distal tubes with diameters greater 
than branch width (? brood chambers). Zooecial walls 
of granular material that may be absent on obverse side 
near apertures; laminar extrazooecial skeleton traversed 
by small to moderate microstyles (modified after F. K. 
McKinney, pers. comm. 2007). 

Comparison

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

Hemitrypa lasutkiniae Waschurova, 1964 
(Figs 18D, E; 19A-F; Appendix)

Hemitrypa devonica Nekhoroshev subsp. lasutkiniae 
Waschurova, 1964: 85, pl. 27, figs 3-5.

Material. — SMF 21.333-SMF 21.360.

Occurrence. — Lower Devonian (?Emsian); Tajikistan. 
Lebanza Formation, Lower Devonian (Pragian); Arauz 
Sur (Arroyo section), Palencia, NW-Spain (Cantabrian 
Mountains).

Description

Reticulate colonies with straight branches joined 
by dissepiments. Autozooecia arranged in two al-
ternating rows on branches, having circular aper-
tures with low peristomes, two spaced per length 
of a fenestrule. Peristomes smooth. Fenestrules 
oval to rectangular, varying in size. Openings in 
the superstructure irregularly shaped, rounded to 
petaloid, corresponding to positions of apertures, 
0.10-0.14 mm in diameter. Superstructure con-
taining small styles, 0.010-0.015 mm in diameter. 
Internal granular skeleton continuous with obverse 
keel, nodes, peristome and across dissepiments, 0.02-
0.04 mm thick on the branch reverse wall. Outer 
lamellar skeleton well developed, 0.035-0.050 mm 

thick on the branch reverse wall. Reverse colony 
surface containing large, irregularly sized nodes, 
0.030-0.075 mm in diameter. Heterozooecia not 
observed.

Interior description
Autozooecia triangular to trapezoidal or pentagonal 
in mid tangential section; low and elongated, with 
short vestibule in longitudinal section, diverging 
laterally at angles of 42-70°. Axial wall between 
autozooecial rows zigzag in tangential sections; 
aperture positioned at distal end of chamber. He-
misepta absent.

Comparison

The present material is similar to Hemitrypa lasut-
kiniae Waschurova, 1964 from the Lower Devonian 
(?Emsian) of Tajikistan, in having large nodes on 
the reverse side, the shape of the autozooecia and 
the size of the elements of the meshwork. Hemit-
rypa lasutkinae is similar to H. kulalica Waschurova, 
1964 (Waschurova 1964: 83, 84, pl. 6, fig. 4) in 
general morphology and the presence of nodes on 
the reverse surface, but differs in having slightly 
larger fenestrules and smaller openings of the pro-
tecting superstructure (0.10-0.14 mm vs 0.17 mm 
in H. kulalica). Furthermore, Hemitrypa lasutkinae 
is similar to H. favosa Hall, 1881 from the upper 
Helderberg Group (Lower Devonian, Emsian) of 
Canada, but differs from the latter in the presence 
of nodes on the reverse side. The internal morphol-
ogy of H. favosa is not known.

Family Semicosciniidae Morozova, 1987

Genus Tectulipora Hall, 1888

Type species. — Fenestella (Hemitrypa) lata Hall, 1883, 
by subsequent designation (Hall 1888). Middle Devo-
nian; Canada, Ontario.

Occurrence. — Lower to Upper Devonian of North 
America and Eurasia.

Diagnosis. — Reticulate colonies, conical or fan-shaped, 
planar or longitudinally pleated, frontal surface exterior 
if conical. Branches wide, moderately sinuous, closely 
or intermediately spaced, dichotomously divided. Two 
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rows of autozooecia per branch. Straight to sinuous, 
high club-shaped median keel on obverse side of branch, 
composed of core of granular skeleton and sheath of 
laminar skeleton. Axial wall between autozooecial rows 
straight in tangential sections, continuing unbroken 
in superstructure; superstructure corresponding with 
underlying branches and dissepiments or with autozo-
oecial apertures, consisting of laterally expanded laths 
borne on continuous skeletal sheets from branches and 
dissepiments. Autozooecia not strongly inflated later-
ally, commonly rectangular in deep tangential section; 
transverse walls at intermediate or high angle to reverse 
wall; hemisepta absent. Intermediate- to large-diameter 
short distal tube, opening frontally or slightly inclined 
laterally; apertural peristome present or absent; terminal 
diaphragms planar where present, with central boss in 
some species. Laminar extrazooecial skeleton traversed 
by small to moderate microstyles.

Comparison

Unitrypa Hall, 1885 differs from Loculipora Hall, 
1885 in having less sinuous branches which are 
joined by dissepiments instead of anastomoses in 
Loculipora. Transverse connections in the super-
structure of Unitrypa do not contact with dissepi-
ments, whereas the superstructure in Loculipora is 
produced by extensions of both median keels and 
dissepiments.

Tectulipora tuberculata n. sp. 
(Figs 19G, H; 20A-H; Appendix)

Etymology. — The species name refers to the presence 
of abundant large nodes, present both on the branches 
and superstructure.

Holotype. — SMF 21.361.

Paratypes. — SMF 21.362-SMF 21.380.

Type locality. — Arauz Sur (Arroyo section), Province 
of Palencia, NW-Spain (Cantabrian Mountains).

Type horizon. — Lebanza Formation, Lower Devo-
nian (Pragian).

Diagnosis. — Reticulate colonies, conical, frontal 
surface exterior; autozooecia arranged in two weakly 
alternating rows on branches, 4-7 spaced per length of 
a fenestrule; autozooecial chambers rectangular in mid 
tangential section, short and relatively high, with mod-
erately short vestibules; axial wall straight; hemisepta 
absent; terminal diaphragms planar; fenestrules oval to 

rectangular; superstructure produced by straight high 
club-shaped median keel, corresponding with underly-
ing branches, outer lamellar skeleton well developed, 
traversed by small microstyles; large, irregularly sized 
nodes on reverse colony surface and on the protective 
superstructure; heterozooecia not observed.

Description

Reticulate colonies, conical, frontal surface exterior. 
Branches intermediate in width, straight, interme-
diately spaced, dichotomously divided, joined by 
straight wide dissepiments. Autozooecia arranged 
in two weakly alternating rows on branches, hav-
ing circular apertures with low peristomes, 4-7 
spaced per length of a fenestrule. Fenestrules oval 
to rectangular, varying in size. Straight high club-
shaped median keel on obverse side of branches, 
composed of core of granular skeleton and sheath 
of laminar skeleton; superstructure corresponding 
with underlying branches, consisting of laterally 
expanded laths borne on continuous skeletal sheets 
from branches and dissepiments. 

Internal granular skeleton continuous with obverse 
keel, nodes, peristome and across dissepiments, 
0.015-0.055 mm thick on the branch reverse wall. 
Outer lamellar skeleton well developed, 0.055-
0.170 mm thick on the branch reverse wall, tra-
versed by small microstyles. Reverse colony surface 
containing large, irregularly sized nodes, 0.03-
0.09 mm in diameter. Similar nodes occurring on 
the protective superstructure, 0.03-0.05 mm in 
diameter. Heterozooecia not observed. 

Interior description
Autozooecial chambers rectangular in mid tangential 
section, short and relatively high, with moderately 
short vestibules. Axial wall between autozooecial 
rows straight in tangential sections, continuing 
unbroken in superstructure. Hemisepta absent. 
Terminal diaphragms planar. 

Comparison

Tectulipora tuberculata n. sp. is similar to T. pannosa 
(Počta, 1894) from the Lower Devonian (Pragian) 
of Czech Republic and to T. conjunctiva (Hall, 
1881) from the Lower Devonian of Canada in 
general morphology and dimensions of the mesh-
work, but differs from them in having large nodes 
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Fig. 19. — A-F, Hemitrypa lasutkiniae Waschurova, 1964; A, B, oblique tangential section showing protecting superstructure and nodes on 
the reverse surface, SMF 21.355; C, D, tangential section showing autozooecial chambers, SMF 21.358; E, tangential section of reverse side 
showing nodes, SMF 21.357; F, openings in superstructure, tangential section, SMF 21.358; G, H, Tectulipora tuberculata n. sp., branch 
transverse section showing branches and superstructure, paratype SMF 21.380. Scale bars: A, C, H, 1 mm; B, G, 0.5 mm; D-F, 0.2 mm.
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on the reverse colony surface. Unitrypa tuberculata 
n. sp. is also similar to Isotrypa (Tectulipora) sibirica 
Krasnopeeva subsp. communis Waschurova, 1964 
(Waschurova 1964: 100, pl. 21, fig. 3) in general 
morphology and in the presence of nodes on the 
reverse colony surface and on the superstructure. 
However, the latter species has narrower branches 
(branch width 0.31 vs 0.28-0.49 mm in present 
material), and smaller fenestrules (fenestrule width 
0.23 vs 0.20-0.42 mm and fenestrule length 0.31-
0.54 vs 0.69-1.05 mm in present material). 

Faunal composition  
and palaeobiogeography

The studied fauna is distinctly dominated by cys-
toporates (5 species) and trepostomes (5 species), 
followed by cryptostomes (3 species) and fenestrates 
(3 species) (Table 1). In general, this composition 
is typical for the Lower Devonian (Cuffey & Mc-
Kinney 1979; Bigey 1985). Palaeobiogeographical 
comparisons are restricted because most of the spe-
cies are new. Only two species have been described 
earlier: Leioclema multiacanthoporum Astrova in 
Astrova & Yaroshinskaya, 1968 and Hemitrypa 
lasutkiniae Waschurova, 1964. Leioclema multiacan-
thoporum was recorded from the Lower Devonian 

(Emsian) of the Altai Mountains, Russia and the 
Lower Devonian (Pragian-Emsian) of Mongolia. 
Hemitrypa lasutkiniae is known from the Lower 
Devonian (?Emsian) of Tajikistan. The generic 
composition indicates relationships with the Lower 
Devonian of Altai (Altshedata, Neotrematopora) 
and Mongolia (Neotrematopora). Several species of 
Tectulipora are known from the Lower Devonian 
of the Czech Republic, USA and Tajikistan. Vid-
ronovella is known from the Emsian of NW Spain. 
Fistulipora, Leioclema, Eridotrypella, Leptotrypella, 
Orthopora, Rectifenestella, and Hemitrypa are known 
from many localities worldwide (mainly North 
America and Eurasia).

Palaeoecology

The 16 bryozoan species display four different growth 
habits: encrusting (7 species): Altshedata hispanica 
n. sp., A. gracilis n. sp., Fistulipora arauzensis n. sp., 
Eridopora sp., Petalosis clarus n. sp., Neotrematopora 
tenuis n. sp., Leioclema arauzensis n. sp.; ramose 
branched/encrusting (2 species): Leioclema mul-
tiacanthoporum, Eridotrypella validaeformis n. sp.; 
ramose branched (4 species): Leptotrypella armata 
n. sp., Orthopora spinosa n. sp., Vidronovella elegan-
tula n. sp., Rhomboporidae sp. indet.; ramose re-

Table 1. — Distribution of bryozoan species in mounds. Locations of studied samples: 1, 2, Level 2B (unspecified origin within bryozoan 
mud-mound); 3, Bryozoan mud-mounds (upper part); 4, Bryozoan mud-mounds (? middle part); 5, Bryozoan mud-mounds (lower part).

1 2 3 4 5

Altshedata hispanica n. sp. × × × × ×
Altshedata gracilis n. sp. × × ×
Fistulipora arauzensis n. sp. × × × ×
Eridopora sp. ×
Petalosis clarus n. gen., n. sp. × × ×
Neotrematopora tenuis n. sp. ×
Leioclema arauzensis n. sp. × × ×
Leioclema multiacanthoporum Astrova  

in Astrova & Yaroshinskaya, 1968
× ×

Eridotrypella validaeformis n. sp. × × ×
Leptotrypella armata n. sp. × × ×
Orthopora spinosa n. sp. × × × × ×
Vidronovella elegantula n. sp. × × ×
Rhomboporidae sp. indet. ×
Rectifenestella exiliformis n. sp. × × × ×
Hemitrypa lasutkiniae Waschurova, 1964 × × × × ×
Tectulipora tuberculata n. sp. × × ×
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Fig. 20. — Tectulipora tuberculata n. sp: A-B, tangential section showing superstructure, holotype SMF 21.361; C, mid tangential section 
showing autozooecial chambers, apertures and wide keels, SMF 21.378; D, tangential section showing autozooecial apertures, holotype 
SMF 21.361; E, tangential section of reverse surface showing microacanthostyles and nodes, paratype SMF 21.377; F, tangential sec-
tion of obverse surface showing granulated skeleton of axial wall, paratype SMF 21.371; G, longitudinal section, paratype SMF 21.362; 
H, transverse section of conical colony at its base, paratype SMF 21.369. Scale bars: A, B, G, H, 1 mm; C, 0.5 mm; D, 0.2 mm; E, F, 0.1 mm.
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ticulated (3 species): Rectifenestella exiliformis n. sp., 
Hemitrypa lasutkiniae, Tectulipora tuberculata n. sp.

Encrusting growth habits dominate (43.75%), 
represented by five cystoporate and two trepostome 
species. Two trepostome species developed both 
encrusting and ramose branched growth habits 
(12.5%). One trepostome and three rhabdomesine 
cryptostomes developed ramose branched colonies 
(25%). Three fenestrates developed reticulated 
colonies (18.75%), most apparently conical in 
shape (Fig. 20H).

Regarding the distribution of growth habits in 
the studied Lebanza mud-mounds, the following 
pattern is observed. Encrusting and encrusting/
ramose growth habits dominate in all parts of 
the mud mounds (lower, middle and upper), 
whereas ramose branched and reticulated bryo-
zoans are most abundant in the lower parts of the 
mounds, being rare in the upper parts. Bryozoans 
that encrusted soft substrates, organisms such 
as corals and other bryozoan species produced 
complex multilayered aggregations (Fig. 21A-C). 
Similar multilayered aggregations in Devonian 
cystoporates and trepostomes were described by 
Bigey (1981). Thickness and number of layers in 
such aggregations were apparently regulated by 
exogenous (e.g., substrate type) as well as endog-
enous (e.g., degenerations-regenerations cycles of 
polypides) factors. 

Ramose branched and reticulated species were 
apparently unable to inhabit soft unstable sub-
strates, and their bases are often found on hard 
substrates, preferentially encrusting bryozoans 
(Fig. 21D). Encrusting bryozoans occur on small 
erect tabulate corals and apparently they grew on 
the living colonies while the coral was still alive 
because the coral apertures are not closed by 
bryozoans (Fig. 22E, F). Similar phenomenon is 

mentioned by McKinney et al. (1990) who de-
scribed apparent mutualism between trepostome 
bryozoan Leioclema and tabulate coral Aulopora 
from the Lower Devonian of USA. Bryozoans 
used corals as substrate, and the corals profited 
from water currents produced by the bryozoans. 
Morozova (1961: 85) described the trepostome 
species Leioclema minussinense Morozova, 1961 
which is encrusting an auloporal coral. She in-
terpreted as worm grazing on bryozoans. How-
ever, the belonging of tubes to corals is obvious 
(Morozova 1961: pl. 12, fig. 1).

Despite their abundance, bryozoans cannot 
be regarded as the principal builders of the mud 
mounds. Judging from the texture of the rock, 
these were the microbial communities (see Fig 
21C). Nevertheless, bryozoans played the role 
of sediment binders (encrusting species) that sta-
bilized the sediment, or exerted a baffling effect 
(fenestrates) promoting sedimentation (McKin-
ney et al. 1987).

Conclusions

A bryozoan fauna from the Lebanza Formation 
(Lower Devonian) of the Arauz area, NW Spain 
shows high diversity and abundance. This fauna 
contains 16 species and is dominated by cystopo-
rates and trepostomes, followed by cryptostomes 
and fenestrates. The studied bryozoan fauna dis-
plays four different growth habits: encrusting, 
ramose branched/encrusting, ramose branched, 
and reticulate. Encrusting and encrusting/ra-
mose growth habits dominate in all parts of mud 
mounds, whereas ramose branched and reticulate 
bryozoans are most abundant in the lower part 
of mounds, being rare in the upper parts. Bryo-
zoans cannot be regarded as the principal build-
ers of the mud mounds, which apparently were 
mainly built by microbial communities. However, 
bryozoans played an important role of sediment 
binders (encrusting species), stabilizing the sedi-
ment, or exerted a baffling effect (fenestrates).The 
trepostome species Leioclema multiacanthoporum 
Astrova in Astrova & Yaroshinskaya, 1968 shows 
relations to the Lower Devonian of Altai, and 

Table 2. — Distribution of bryozoan growth habits in mounds. 
Assignment of samples see Table 1.

1 2 3 4 5

Encrusting 4 6 4 3 3
Ramose branched/encrusting 1 1 2 1 –
Ramose branched 3 4 3 1 1
Ramose reticulated 2 3 3 3 1
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Fig. 21. — A, complex bryozoan community with multilayered encrusting by Altshedata hispanica n. sp. (a), Leioclema arauzensis n. sp. (l) 
and Eridotrypella validaeformis n. sp. (e), top of the images shows also two branches of Eridotrypella validaeformis.; H, Hemitrypa las-
utkiniae Waschurova, 1964, SMF 21.381; B, complex multiple encrusting by Altshedata hispanica n. sp. (a) and Fistulipora arauzensis 
n. sp. (f), Tectulipora tuberculata n. sp. (t), SMF 21.382; C, multiple encrusting of soft substrate by thin sheets of Petalosis clarus n. gen. 
n. sp. (p) and Fistulipora arauzensis n. sp. (f), SMF 21.383; D, base of Orthopora spinosa n. sp. on Fistulipora arauzensis n. sp., SMF 
21.384; E, F, Neotrematopora tenuis n. sp. encrusting tabulate coral; E, SMF 21.207; F, SMF 21.210. Scale bars: A, B, 5 mm; C-F, 1 mm. 

A

C

E F

D

B

f

l e

h a

a

f

p

f

t



732 GEODIVERSITAS • 2012 • 34 (4)

Ernst A. et al.

Mongolia. The fenestrate species and Hemitrypa 
lasutkiniae Waschurova, 1964 is known from the 
Lower Devonian (Emsian) of Tajikistan.
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Appendix

Appendix 1. — Descriptive statistics of the described taxa. Abbreviations: CV, coefficient of variation; MAX, maximum value; MIN, mini-
mum value; N, number of measurements; SD, sample standard deviation; X, mean. 

Altshedata hispanica n. sp. 
N X SD CV MIN MAX

Aperture width, mm 30 0.30 0.033 10.92 0.23 0.38
Aperture spacing, mm 30 0.34 0.029 8.43 0.29 0.40
Lunarium width, mm 15 0.147 0.017 11.28 0.120 0.180
Lunarium length, mm 15 0.141 0.031 21.95 0.100 0.200
Lunarium thickness, mm 15 0.040 0.008 20.13 0.025 0.050

Altshedata gracilis n. sp.

N X SD CV MIN MAX

Aperture width, mm 25 0.27 0.041 15.23 0.20 0.36
Aperture spacing, mm 25 0.31 0.054 17.44 0.23 0.42
Lunarium width, mm 15 0.112 0.016 13.96 0.080 0.130
Lunarium length, mm 15 0.069 0.013 18.05 0.055 0.100
Lunarium thickness, mm 15 0.035 0.008 21.60 0.025 0.050

Fistulipora arauzensis n. sp.
N X SD CV MIN MAX

Aperture width, mm 35 0.19 0.023 11.90 0.14 0.24
Aperture spacing, mm 35 0.35 0.042 12.04 0.28 0.44
Vesicle diameter, mm 35 0.11 0.024 21.55 0.07 0.18
Vesicles per aperture 35 8.5 1.292 15.17 6.0 12.0
Vesicle spacing, mm 35 0.14 0.038 27.01 0.06 0.24

Eridopora sp.
N X SD CV MIN MAX

Aperture width, mm 20 0.31 0.041 13.28 0.25 0.38
Aperture spacing, mm 20 0.40 0.059 14.98 0.30 0.54
Vesicle diameter, mm 20 0.14 0.031 21.71 0.11 0.2
Vesicles per aperture 4 7.5 0.577 7.70 7.0 8.0
Vesicle spacing, mm 20 0.08 0.023 30.13 0.05 0.15

Petalosis clarus n. gen., n. sp.
N X SD CV MIN MAX

Aperture width, mm 40 0.21 0.032 15.35 0.16 0.28
Aperture spacing, mm 40 0.35 0.039 11.21 0.26 0.42
Lunarium width, mm 30 0.120 0.013 10.96 0.095 0.145
Lunarium length, mm 30 0.076 0.012 15.09 0.055 0.105
Lunarium thickness, mm 30 0.045 0.012 26.36 0.025 0.070
Vesicle diameter, mm 40 0.20 0.047 23.41 0.12 0.30
Vesicles per aperture 20 5.2 1.182 22.95 3.0 8.0
Vesicle spacing, mm 40 0.18 0.063 35.15 0.10 0.35
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Neotrematopora tenuis n. sp.
N X SD CV MIN MAX

Aperture width, mm 25 0.13 0.013 9.39 0.11 0.16
Aperture spacing, mm 25 0.20 0.026 13.26 0.14 0.25
Aperture width, mm (macular) 10 0.18 0.011 6.24 0.17 0.20
Aperture spacing, mm (macular) 10 0.28 0.037 12.88 0.22 0.34
Mesozooecia width, mm 25 0.051 0.017 33.55 0.025 0.080
Acanthostyle diameter, mm 25 0.04 0.008 20.46 0.03 0.06
Acanthostyles per aperture 25 3.3 0.690 20.80 2.0 5.0
Exozonal wall thickness, mm 25 0.05 0.013 27.75 0.03 0.08

Leioclema arauzensis n. sp. 
N X SD CV MIN MAX

Aperture width, mm 25 0.15 0.019 12.79 0.12 0.18
Aperture spacing, mm 25 0.21 0.025 11.76 0.17 0.26
Mesozooecia width, mm 25 0.050 0.014 27.54 0.030 0.085
Acanthostyle diameter, mm 25 0.045 0.014 31.10 0.025 0.090
Acanthostyles per aperture 25 3.8 0.879 23.39 2.0 6.0
Exozonal wall thickness, mm 20 0.042 0.012 27.82 0.025 0.065

Leioclema multiacanthoporum (Astrova in Astrova & Yaroshinskaya, 1968)
N X SD CV MIN MAX

Aperture width, mm 30 0.13 0.016 11.87 0.10 0.16
Aperture spacing, mm 30 0.20 0.026 12.76 0.16 0.25
Mesozooecia width, mm 25 0.044 0.016 36.38 0.025 0.075
Acanthostyle diameter, mm 30 0.037 0.007 18.35 0.025 0.045
Acanthostyles per aperture 30 6.5 1.383 21.28 4.0 9.0

Eridotrypella validaeformis n. sp.
N X SD CV MIN MAX

Branch width, mm 5 2.40 0.436 18.19 1.72 2.90
Exozone width, mm 5 0.48 0.141 29.32 0.36 0.72
Endozone width, mm 5 1.44 0.440 30.62 0.88 1.94
Aperture width, mm 30 0.14 0.016 11.19 0.12 0.17
Aperture spacing, mm 30 0.20 0.021 10.51 0.17 0.24
Aperture width, mm (macular) 10 0.20 0.012 5.99 0.18 0.22
Aperture spacing, mm (macular) 10 0.25 0.017 6.63 0.24 0.28
Exilazooecia width, mm 15 0.046 0.011 23.72 0.030 0.065
Acanthostyle diameter, mm 8 0.04 0.012 29.87 0.03 0.06
Exozonal wall thickness, mm 25 0.05 0.014 25.89 0.03 0.08

Leptotrypella armata n. sp.
N X SD CV MIN MAX

Branch width, mm 20 1.08 0.187 17.31 0.81 1.35
Exozone width, mm 20 0.32 0.059 18.31 0.24 0.48
Endozone width, mm 20 0.43 0.125 28.81 0.27 0.71
Aperture width, mm 40 0.08 0.012 16.21 0.05 0.10
Aperture spacing, mm 40 0.17 0.026 15.11 0.13 0.24
Exilazooecia width, mm 25 0.038 0.011 27.91 0.020 0.055
Acanthostyle diameter, mm 40 0.03 0.007 21.36 0.02 0.05
Acanthostyles per aperture 30 8 1.682 21.02 5 12
Exozonal wall thickness, mm 30 0.054 0.012 22.18 0.025 0.075
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Orthopora spinosa n. sp.
N X SD CV MIN MAX

Branch width, mm 20 0.62 0.059 9.42 0.48 0.75
Exozone width, mm 20 0.18 0.032 17.97 0.14 0.22
Endozone width, mm 20 0.27 0.051 18.75 0.19 0.35
Aperture width, mm 35 0.05 0.010 20.08 0.04 0.07
Aperture spacing along branch, mm 35 0.28 0.028 9.85 0.22 0.35
Aperture spacing diagonally, mm 35 0.18 0.014 7.692 0.12 0.20
Acanthostyle diameter, mm 35 0.031 0.005 15.670 0.020 0.045
Autozooecial budding angle in endozone 5 43.8 5.762 13.155 35.0 51.0
Autozooecial budding angle in exozone 5 66.2 8.585 12.968 51.0 71.0

Vidronovella elegantula n. sp.
N X SD CV MIN MAX

Branch width, mm 10 0.82 0.124 15.12 0.59 0.96
Exozone width, mm 10 0.22 0.034 15.45 0.16 0.26
Endozone width, mm 10 0.38 0.080 21.19 0.23 0.49
Aperture width, mm 35 0.10 0.012 12.56 0.07 0.12
Aperture spacing along branch, mm 35 0.22 0.018 8.12 0.19 0.25
Aperture spacing diagonally, mm 35 0.16 0.013 8.27 0.13 0.18
Acanthostyle diameter, mm 35 0.032 0.005 14.72 0.025 0.040
Autozooecial budding angle in endozone 9 52 5.172 9.95 45 60
Exozonal wall thickness, mm 15 0.04 0.005 13.65 0.03 0.05

Rhomboporidae sp. indet.
N X SD CV MIN MAX

Aperture width, mm 10 0.09 0.015 16.55 0.07 0.11
Aperture spacing along branch, mm 7 0.32 0.056 17.62 0.24 0.38
Aperture spacing diagonally, mm 8 0.19 0.029 15.62 0.16 0.24
Metazooecia diameter, mm 4 0.025 0.014 56.57 0.015 0.045
Paurostyle diameter, mm 10 0.022 0.003 11.74 0.020 0.025
Aktinotostyle diameter, mm 10 0.040 0.008 20.41 0.030 0.055

Rectifenestella exiliformis n. sp.
N X SD CV MIN MAX

Branch width, mm 12 0.31 0.016 5.08 0.28 0.32
Dissepiment width, mm 15 0.19 0.025 12.89 0.17 0.26
Fenestrule width, mm 15 0.28 0.036 12.63 0.24 0.35
Fenestrule length, mm 15 0.68 0.168 24.82 0.48 1.11
Distance between branch centres, mm 15 0.84 0.173 20.59 0.66 1.29
Distance between dissepiment centres, mm 15 0.56 0.077 13.80 0.40 0.66
Aperture width, mm 20 0.084 0.006 7.63 0.075 0.095
Aperture spacing along branch, mm 20 0.18 0.010 5.41 0.16 0.20
Aperture spacing diagonally, mm 20 0.22 0.024 10.60 0.18 0.26
Apertures per fenestrule length 10 5.1 0.994 19.50 4.0 7.0
Maximal chamber width, mm 20 0.09 0.007 7.30 0.08 0.10
Keel node diameter, mm 20 0.07 0.014 19.73 0.05 0.10
Keel node spacing, mm 20 0.47 0.069 14.91 0.35 0.60
Thickness of reverse wall granular layer, mm 6 0.028 0.010 34.70 0.020 0.045
Thickness of reverse wall laminated layer, mm 6 0.036 0.018 51.01 0.015 0.060
Lateral wall budding angle 11 54.6 9.963 18.23 42.0 70.0



738 GEODIVERSITAS • 2012 • 34 (4)

Ernst A. et al.

Hemitrypa lasutkiniae Waschurova, 1964
N X SD CV MIN MAX

Branch width, mm 30 0.26 0.037 14.17 0.19 0.36
Dissepiment width, mm 30 0.14 0.025 18.84 0.10 0.18
Fenestrule width, mm 30 0.16 0.023 14.54 0.12 0.20
Fenestrule length, mm 30 0.34 0.054 15.96 0.22 0.47
Distance between branch centres, mm 30 0.37 0.045 12.17 0.29 0.48
Distance between dissepiment centres, mm 30 0.46 0.070 15.22 0.32 0.57
Aperture width, mm 9 0.08 0.007 8.10 0.07 0.09
Apertures per fenestrule length 20 2.3 0.470 20.44 2.0 3.0
Maximal chamber width, mm 20 0.10 0.009 9.31 0.09 0.12
Branch thickness, mm 20 0.55 0.074 13.52 0.47 0.75
Keel node diameter, mm 5 0.055 0.013 23.18 0.045 0.075
Keel node spacing, mm 15 0.19 0.030 15.52 0.14 0.24
Superstructure Opening Diameter, mm 20 0.12 0.010 8.42 0.10 0.14
Node diameter, mm (reverse surface) 25 0.052 0.012 22.13 0.030 0.075
Lateral wall budding angle 7 49.3 7.847 15.92 41.0 62.0

Tectulipora tuberculata n. sp.
N X SD CV MIN MAX

Branch width, mm 25 0.39 0.052 13.16 0.28 0.49
Dissepiment width, mm 17 0.23 0.042 18.60 0.18 0.36
Fenestrule width, mm 10 0.26 0.067 25.52 0.20 0.42
Fenestrule length, mm 10 0.86 0.128 14.88 0.69 1.05
Distance between branch centres, mm 20 0.67 0.098 14.48 0.50 0.87
Distance between dissepiment centres, mm 17 1.11 0.165 14.82 0.87 1.32
Aperture width, mm 25 0.09 0.007 7.79 0.08 0.10
Aperture spacing along branch, mm 25 0.22 0.019 8.63 0.18 0.25
Apertures per fenestrule length 6 5.8 1.169 20.04 4.0 7.0
Maximal chamber width, mm 12 0.11 0.009 7.76 0.10 0.13
Branch thickness, mm 25 0.70 0.070 9.99 0.56 0.87
Node diameter, mm (reverse surface) 25 0.05 0.015 29.21 0.03 0.09
Thickness of reverse wall granular layer, mm 20 0.032 0.010 31.19 0.015 0.055
Thickness of reverse wall laminated layer, mm 20 0.113 0.028 24.79 0.055 0.170
Lateral wall budding angle 5 33.6 5.128 15.26 28.0 41.0


