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INTRODUCTION

The present paper contains the results of morphological and taxonomic studies on the
Devonian (Givetian-Frasnian I y) Stromatoporoidea from the Holy Cross Mountains, Poland.
The work has been done on the basis of a rich collection of excellently preserved stromatoporoids
accumulated by the writer in 1966-1968 and of which more than 1500 thin sections were pre­
pared. Despite their abundant occurrence, the stromatoporoids were among the least known
faunal groups from the Devonian of the Holy Cross Mts. Among older palaeontological works,
noteworthy is GORICH'S (1896) paper, superficially describing several species only some of
which being illustrated by drawings. Newer works (GOGOLCZYK 1956, 1959) are devoted to
some of the representatives of the dendroid stromatoporoids (Amphipora and Stachyodes).

In 1969, as a Polish Academy of-Sciences scholarship holder, the writer stayed for six
months in the Soviet Union having ample opportunity to study vast collections of the stroma­
toporoids ranging fro in the Ordovician to the Carboniferous, from the following areas of the
U. S. S. R.: Russian Platform (Podolia, Estonia, Main Devonian Field, Petchora Basin,
Timan), Ural Mts. , Soviet Arctic (Novaya Zemlya), Siberia (Kuznetsk Basin, Tunguska Basin ,
Altai Mts. , Salair Mts. , Saian Mts.),

By the courtesy of the management of the U. S. National Museum in Washington, D. C. ,
the writer was also able to conduct comparative stud ies on a collection of the holotypes of the
stromatoporoids from the Middle Devonian of the U. S. A. (Indiana, Kentucky, Ohio), des­
cribed by GALLOWAY & ST. JEAN (1957).

Getting familiar with so extensive materials allowed the writer to devote himself to the
studies on a so far little-investigated problem of the morphogenesis of the Stromatoporoidea,
to seek to explain the origin and evolutionary changes in their microstructure and to attempt to
elucidate the main evolutionary trends marked in the Palaeozoic stage of the history of this group.

The work was done between 1965 and 1970 at the Polish Academy of Sciences' Palaeo­
zoological Institute at which the collection described is housed.

The following abbreviations are used in the present paper :

Z. Pal. - Palaeozoological Institute of the Polish Academy of Sciences, Warsaw, Poland.
CNIGR - Central Scientific-Research Geological Exploration Museum, Leningrad, U. S. S. R.
VNIGRI - All-Union Petroleum Institute, Leningrad, U. S. S. R.
EAS - Geological Institute of the Estonian Academy of Sciences, Tallinn, U. S. S. R.
USNM - United States National Museum, Washington, D. C., U. S. A.
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GENERAL PART

OUTLINE OF THE STRATIGRAPHY, LITHOLOGY AND SEDIMENTA­
TION OF THE STROMATOPOROID LIMESTONES

The stromatoporoids described come mo stly from a thick (about 550 to 600 m) series
of carbonate deposits of the Middle and Upper Devonian (Givetian through Frasnian) of the
western part of the Palaeozoic massive of the Holy Cross Mountains, exposed in many quarries
and natural outcrops (Text-fig. 1). These deposits were formed in an area designated by CZAR­
NOCKI (1927) as the Kielce sedimentary region which, during the Givetian-Frasnian period,
was marked by a clear carbonate shallow-water sedimentation, in contradistinction to the
Lysogory sedimentary region situated more to the north and whose carbonate sedimentation
was more deep-water one in character and had, in some places, a con siderable admixture of
a terrigenous material (MICHALSKI, 1883; SOBOLEV, 1909, 1912; CZARNOCKI, 1919, 1938, 1950,
1957; PAJCHLOWA, 1959, 1962, 1967). The stromatoporoid limestones, from which the specimens
here described were collected, belong to the western part of the Checiny-Klimontow antic1i­
norium (PAJCHLOWA, 1968) and their best outcrops are situated in the region of Miedzianka,
Checiny, Bolechowice, Kowala and Sitkowka (Text-fig. 1). In the eastern part of the Checiny-s­
Klimontow antic1inorium, the stromatoporoid limestones of Givetian age are outcropped
in a few localities in the environs of Jurkowice-Budy{for location see PAJCHLOWA, 1968, Text-fig.
64). In the northern part of the Kielce sedimentary region, the Givetian-Frasnian stromato­
poroid limestones are components of the western part of the Kielce-Lagow sync1inorium,
exposed in several large quarries in the environs of Kielce (Text-fig. 1).

Thestratigraphic position of the stromatoporoid lime stone from the western part of the
Kielce sedimentary region has only superficially been recognized. On the whole, well-stratified
limestones with many stromatoporoids and corals, underlaid by dolomites, were assigned to
the Givetian (GURICH, 1896; SOBOLEV, 1904, 1909, 1912; CZARNOCKI, 1938, 1948; PAJCHLOWA,
1959, 1962, 1967) and massive, poorly stratified limestones with stromatoporoids and corals
usually termed reefoid ones (SOBOLEV, 1909, 1912; CZARNOCKI, 1948; PAJCHLOWA & STASINSKA,
1965, 1967) - to the Frasnian. According to the authors named above, the Givetian age of
stromatoporoid-coral limestones and dolomites is emphasized primarily by Amphipora ramosa
(PHtLLIPS) and Stringocephalus burtini DEFR. and the Frasnian age -of reef limestones by the
occurrence of brachiopods Hypothyridina cuboides (Sow.), H. coronula DREVERM. and an assem­
blage of tetracorals and tabulates characteristic for Frasnian (see R6zKOWSKA, 1953, 1957;
STASINSKA, 1953, 1958). These limestones are directly overlaid by cephalopod limestones,
containing, among other fossil s, Manticoceras intumenscens BEYR. (GORICH, 1896).

A division of stromatoporoid limestones (see Table 1) of the western part of the Holy
Cross Mts. into two lithostratigraphic units, th at is, Sitkowka Beds and Kadzielnia Beds ,



8 JOZ EF KAZMI ERCZAK

Table 1

STRATIGRAPHIC POSITION OF THE DEVONIAN STROMATOPOROID LIMESTONES IN THE
WESTERN HOL Y CROSS MOUNTAINS (KIELCE SEDIM ENTARY REGIO N)

CEPHALOPOD LIMES TON ES
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Z-e z-z -e0
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0- U. ] - -,.---- -------------- ?- - - - - - - -- - - - - - -- - - - - -0-
;:J "0

'0 ...... ..0 0.0. 0.0 ;:J
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0 - - SITKOWKA BEDS.::
Vl
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0
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~ ..l
Z 0.
<: ;:J- ZZ
0 <:
> -Ul f--
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Ul >..l -Q 0 DOL OMITES9 ...
::s ..

~
0
..l

I I
• Conodonts of Ancyrognathus triangularis zone (Frasnian Iy) (persona! communication of dr. M. Szulczewski,

Dept. of Geology, Warsaw University).

suggested by the present writer , makes up an attempt to specify terminologically and strati­
graphically general lithofaunal determinations in use so far. Each of thus separated units is
characterized by an assemblage of stromatoporoid fauna and accompanying coral s. Stromato­
poroid assemblages characteristic of separated litho stratigraphic units, have been correlated
with analogous assemblages, described from tho roughly studied Middle and Upper Devonian
section of Belgium, Canada , the U. S. A. and some of the U. S. S. R.'s areas (Timan, Main
Devonian Field, Kuznetsk Basin). Thi s enabled a biostratigraphic determination of stromato­
poroid limestones from the Holy Cro ss Mt s, more accurate than the previous ones. A more
accurate study on stratigraphic ranges of particular species of the Devonian stromatoporoids
will enable a future, more extensive than before use of the stromatoporoids for the purposes
of biostratigraphy, which is justified by their abundant occurrence and a very extensive geo­
graphical distribution. The fact should be emphasized that the stromatoporoids have already
been used successfully for biostratigraphic studies on the Silurian of Estonia (NESTOR, 1964,
1966; NESTOR & KALA, 1968) and the Island of Gotland (MORI, 1968).
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Brief lithologic-faunal characteristics of the lithostratigraphic units, separated within
the stromatoporoid limestones are given below. An extensive palaeoecological and sedimento­
logical analysis of the stromatoporoid limestones from the Holy Cross Mts. will be given in
a separate paper.

1. Stringocephalus burtini Beds

The above term ha s been used by the writer to designate a 30 m thick complex of gray
and black, stratified limestones and marls with numerous specimens of Stringocephalus burtini
D EFR. , outcropped at Jurkowice Budy in the eastern part of the Holy Cross Mts. (eastern part
of the Checiny-Klimontow anticlinorium). Brief characteristics of the stromatoporoid-coral
limestones from Jurkowice-Budy were given by SAMSONOWICZ (1930) and more detailed studies
were conducted by PAJCHLOWA& STASINSKA (1965) who give in their paper a Iithologic-faunal
section of the outcrop. In the pre sent paper, the term .Stringocephalus burtini Beds" is used
tentatively to distinguished the beds under study from the lowermost 'limestones of the
Sitk6wka Beds in the western part of the Checiny-Klirnontow anticlinorium which in all
likelihood are younger and in which no S. burtini has so far been found.

Stringocephalus burtini Beds are marked by beds of dark-gray biopelmicritic calcarenites
who se average thickness ranges between 0·25 and 0·40 m and which sometimes have very nu­
merous stromatoporoids with spherica l, irregularly bulbous or , less frequently, columnar
coenostea. The bed s with stromatoporoids are intercalated by black, platy calcilutites or gray
nodular marls which vary in thickness and are except of trilobites devoid of macrofauna. The
stromatoporoids are usually associated with a very rich assemblage of .colonial and solitary
tetracorals, massive and ramose tabulates many brachiopods and gastropods. Stromatoporoids
and corals are mo stly preserved in a growth po sition. The degree of mechanical destruction
of all other forms is also very low. Platy dolomites sometimes with many Amphipora sp. usually
very strongly recry stalli zed occur, below the Stringocephalus burtini Beds.

In addition to a taxonomicaIly differentiated assemblage of stromatoporoids, consisting
of 14 species (see Table 2), the following fossils have been identified within the Stringocephalus
burtini Beds:

Tabulata:

Caliapora battersbyi ( M . E OWA RDS & H AIME)

Alveolites sp.
Thamn opora sp.

Tetracoralla :

Hexagonaria laxa G URI CH

Hexagonaria jurkovicensis R OZK OWSKA

Thamnophyllum sp,
Acanthophyllum sp.

Palaeoenvironmental remarks - Th e development of stromatoporoid assemblages within
S. burtini Beds took place in an environment marked by a low degree of hydrodynamic activity
and undoubtedly situated below the wave-ba se. It was only sporadically that waving reached,
for brief periods, the sur face of the bottom and , overthrowing some of the colonies resting
on a soft substratum, destroyed part of the population. During the periods of accumulation
of larger amounts of a clayey sediment and an organic detritus, a deterioration took place
in the aeration of the bottom part of the basin, resulting in a partial or complete stoppage
of the development of benthonic assemblages. At that time , marls and strongly bituminou­
limestones were formed which were either very poor in or even devoid of fauna. The sedimens
tary environment, on the whole calm in character and the way of distributing the representatives
of a stromatoporoid assemblage in the deposit do not confirm a reef origin of these forms ,
suggested by .PAJCHLOWA& STASINSKA (1965). In regard to ecology, the stromatoporoid-coral



Table 2

DISTRIBUTION OF DEVONIAN STROMATOPOROIDEA IN TH E HOLY CROSS MOUNTAINS

I

"

i
Eastern Holy

Geographic regions Cross Mts . Western Holy Cro ss Mts.

'-------- St andard stages U p pe r G ivctian I Fr a s n i an

Sp ec i es~s
Sitkowka Bcd5

IS. burtini Beds
I

Kad zieln ia Beds
Lower Upper

S trom atopora colliculata NIC HOLSON

S tromatopora dlvergens GALLOWAY & ST. JEA N

S troma topora monon ensis GALLOWAY & ST. JEA N

Trupetostroma laceratum LECOMPTE

Sy ringostroma densum NICHOLSO N

Neosyringostroma logansportense (G ALLOWA Y & ST. JEA N) .

Hermatostroma porosum (LECOMPTE)

Herm atostroma perseptatum LECOMPTE

A ctin ostroma compactum RIPPER

St ictostroma lensiforme (LECOMPTE)

Ferestromatopora parksl ST EAR N

Hermatostroma schliiteri NICHOLSO N .

Hermatostroma crassum (LECOMPTE)

Actinostroma eXp a llSU11I (H ALL & WHITFI ELD)

Tienodictyon zonatum YAB E & SUGlYAMA ---------------------_...__...
Pseudostronratoporella moosensis (PAR KS) -------..------------------.---
Ferestroma topora cellulosa (LECOMPTE) . ._------------_....---------_..
Trupe tos trom a pin gu e LECOMPTE ._---- -_.....---_...-----------
Actlnostroma aff. geminatum LECOMPTE ----_....._---_........._-_..-.
S tromatopor a stricta LECOMPTE -_. __ ._-_....-....._---_......
Str omatopora minut ltexta (LECOMPTE) ------_......-_...._--_._---_.
Ferestromatopora talovensis YAVORSKY ........---_.._----------.._.-
Ferest rontatopora krup ennik ovt YAVORSKY ._..._....................__..-
?Pseudoactlnodictyon dartlngtonense (CARTE R) ._.----_.........------........
Pseudoactinodictyon actinostromlforme (RIABININ) ----------------------_._--_._.
Trupetostro ma gebum (YAVORSK Y) -------_.--.------------------
Hermatostroma episcopate NICHOLSON .._..._-_.__._......_---------
Atelodictyon pseudocolumnare (RIABIN IN ) ._--_.. ._- ---.---.-_..__._-----
Actinostroma stellulatum N IC HO LSO N .._._---------------.._-------.
Actlnostroma pap lllosum (BARGATZKY) -----------------.._---_._--_.-
Actlnostroma bifarium NICHOLSO N .._.._------_._---.._---._--_.-
Stromatopora cooperi LECOMPTE ._--.........._--.._._----...-
Tienodictyan albertense (STEARN) ....._.._._._----_._-..__ ._-_. ..-------------
Stromatopora spissa (LECOMPTE ) --................._------_.... ....----------_..
Ferestromat opora uchtensis (RIABIN IN) -_........--_._.._------....-.. ..---.--------_..
Feres tromatopo ra pe rcanallcula ta (LECOM PT E) ._--.__._---_...._._-_.. _...... _.._---_._---_.-
Ferestromatopora dubio (LECOMPTE) .. ._- _._---.-.---..-----......... .._-------_....-.
Taleas troma confertum ST EAR N . .._...__....._--------_.-.--.. ._-------_._.....
Pseudoactinodicty on j uxi E. FLO G EL ._-----------...-.--_..._------ .---_._--_..._._.
Parollelopora k udebens is (RIABIN IN) ._._.__._---------.-_.._------- _...._.---_...__.
Porollelopora longitubulata (RIABIN IN) _._-----------......._._------ ._.......--_....
Atelodictyon trautschold i (RIABIN IN) -------------_..._-------_.__.- ---_...----_._..
A nosty lost roma ponderosum (NICHOLSON ) ------_.__._---_._....__._--... ---------------_.
St ictostroma k olymense (YAVORSKY) . ........_--_..-...._--._.._--- ._...--------_...
S tromatopor a undata RIABI NI N . -----_._--------'..._-....._---------.---......-
Actinost roma crassepllatum LECOMPTE ._---------.-...._----.-_.--_.. ........_-_......
Pseudostromatoporella huronensis (PAR KS) .._._------........._---....- ...-.---_..__._- ._..........----

I
Pseudostromatoporella damn onlensis (N ICHOLSON) .__._............-......._--_._--_......_----.- _......-. -. -.--- ~

S tictos troma soclale (NICHOLSON) .-.--._---_.._--................................ _.......----_._..
IStromatoporella mudlakensis GALLOWAY _.-_..... _.......-.-.-..... ._-- _.... --- ...-_.--
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assemblages of S. burtini Beds did not display the capability of forming rigid frameworks
resistant to a strong water agitation and, consequently, they did not satisfy a fundamental
condition required by reef structures (sensu LOWENSTAM, 1950). According to the' genetic classi­
fication of skeletal limestones of NELSON et al. (1962), the stromatoporoid limestones from
S. burtnini Beds may be termed biostromal banks.

Biostratigraphy and correlation. - The pre sence of Stringocephalus burtini might be
indicative of Givetian age of the unit under study (LECOMPTE, 1951; DVORAK & HAVLICEK,
1963; CHLUPAC, 1967). In regard to S. burtini it is not, however, unlikely that it may also occur
exceptionally in the basal Frasnian (ERBEN & ZAGORA, 1967) and, consequently lose its signi­
ficance as an index fossil of the Givetian. Givetian age of S. burtini Beds is also indicated by
the presence of corals Caliapora battersbyi, Hexagonaria laxa and H. jurkovicensis whose
occurrence is limited to this stage only (LECOMPTE, 1939; Rozxowsxx, 1957). On the basis of
the stromatoporoids, the age of the beds under study may be determined most likely as a lower
part of the Upper Givetian. Such a conclusion is based primarily on the presence of Stro­
matopora mononensis GALLOWAY & ST. JEAN, S. divergens GALLOWAY & ST. JEAN and Neo­
syringostroma logansportense GALLOWAY & ST. JEAN which occur only within Logansport
Limestone of the North Central Region, U. S. A. (GALLOWAY & ST. JEAN, 1957), corresponding
mostly to the Lower Givetian (COLLINSON, 1967; BIRKHEAD, 1967). The presence of Actino­
stroma compactum RIPPER, described from Buchan Caves Limestone,Australia, might be indicative
of the presence of the Early Middle Devonian (TALENT, 1967) stromatoporoid species within
S. burtini Beds of the Holy Cross Mts. In addition, the assemblage of the stromatoporoids
from S. burtini Beds differs radically from that occurring in the Lowermost Sitkowka Beds
in the western part of Checiny-Klimontow anticlinorium. In the last-named assemblage except
for few species, most of them are new and contain in addition to the Givetian species, many
forms characteristic for the lowermost Frasnian. Thus, in the western part of the Holy Cross
Mts. dolomites, occurring at the base of Sitkowka Beds (see Table 1), might be an equivalent
of S. burtini Beds. Such a stratigraphic interpretation might confirm the suggestions of SAM~

SONOWICZ (1917) and CZERMINSKI (1960) on a diachronous conversion of the dolomitic into
calcareous sedimentation in the area of the Kielce sedimentary region. However, it seems to
follow from the biostratigraphic relations of S. burtini and Sitkowka beds that, in contrast
to the views of the authors mentioned above the conditions of the dolomitic sedimentation
persisted for a longer time in the western and not in the eastern area.

2. Sitk6wka Beds

The term Sitkowka Beds is suggested by the present writer to determine a lithostrati­
graphic unit represented by a thick (about 550 to 600 m) series of stromatoporoid limestones
outcropped in several quarries in the region of Sitkowka, Kowala, Bolechowice and Checiny
(Text-fig. 1). In the literature known so far, the deposits distinguished in the present paper as
Sitkowka Beds, have generally been termed as either coral limestones ("Korallenkalke von
Checiny", GURICH, 1896), or coral-stromatoporoid limestones (SOBOLEV, 1904, 1909, 1911;
CZARNOCKI, 1919, 1948, 1950; PAJCHLOWA, 1959, 1962, 1967, 1968). Part of limestones from
the environs of Sitkowka has been interpreted by PAJCHLOWA & STASINSKA (1965) as reef
deposits of the biostromal type. The lower boundary of Sitkowka Beds is made up by plate
dolomites whose contact with stromatoporoid limestones is visible, in among other places,
sections of the Soltysia Hill, near Radkowice (Text-fig. 4£) and Zamkowa Hill at Checiny
(loc. 9, see Text-fig. I). The boundary between Sitkowka Beds and overlaying Kadzielnia Beds
is not outcropped and consequently the mutual relation of both units is not quite clear.
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In regard to lithology, the limestones of Sitk6wka Beds display in addition to a strong
vertical, a considerable lateral variability and, therefore , a horizontal correlation of section,
even from the outcrops situated very near each other, is extremely difficult.

Stratified coarse-grained limestones, which may be determined structurally as biosparitic
and biomicritic stromatoporoid calcirudites and ca1carenites (PI. IV, Figs. 1-6) are predominant

. deposits within Sitk6wka Beds. These limestones form beds varying in thickness within an
interval of a dozen or so cm to 1·5 m, averaging 0·40 to 0·50 m (PI. I, Figs. 1-2). These deposits
are usually marked by a considerable concentration of massive stromatoporoids, sometimes
accompanied by few dendroid forms (A mphipora, Stachyodes, Dendrostroma). Stromatoporoids
are very rarely preserved in growth position (PI. II , Fig. 1), the majority of colonies being most
frequently either overthrown (PI. II , Fig. 2 ; PI. Ill, Figs. 4-5), or more or less crushed and
forming breccia (PI. Ill, Fig. 1). The stromatoporoid limestones of the nature of biolithites
(FOLK, 1959), which are among the rarities, have been found , e.g., in the section of Sitk6wka III
quarry (loc. 20, seeText-figs. 1 and 2A). In the cases of considerable concentrations stromato­
poroids occur exclusively, but most stromatoporoid assemblage are accompanied by other
benthonic organisms, of which very frequent are massive and ramose tabulates and less so
solitary and colonial tetracorals. Relatively frequent are also gastropods which usually occur
in a nest-like manner (Text-figs. 2-5). Thick-valved pelecypods (Megalodon sp.; see PI. Ill,
Fig. 6) are sometimes frequent within the stromatoporoid calcirudite s in the upper part of
Sitk6wka Beds. Considerable amounts of problematic microfossils, assigned to Calcisphaera
WILLIAMSON, are often observed in thin sections of stromatoporoid calcirudites and ca1carenites.
Much rarer are calcareous algae which occur, in the form of a detritus, in some of the thin
sections (Solenoporaceae, see PI. IV, Fig. 2). In some of the stromatoporoids banks, abundant
blue-green algae appear in the form of irregular aggregates of chambers composed of a dark,
microcrystalline calcite (PI. V, Figs. 4-6). These algae belong to the genus Renalcis VOLOGDIN.
Irregular, thinner or thicker , dark cryptocrystalline coatings occurring on many skeletal
fragments (PI. IV, Fig. 3; PI. V, Fig. 3) are a presumable effect of the activity of blue-green
algae. Stromatoporoid calcirudites and calcarenites are interbedded with deposits within which
one can distinguish non-fossiliferous, fine-grained calcarenites and calcilutites, Amphipora­
calcilutites, solitary tetracoral-brachiopod-ga stropod calcilutites, laminated , non-fossilliferous
calcarenites and calcilutites of the nature of algal mats (PI. V, Figs. 1-2). Sometimes, inter­
calations of echinoderm-pelmicrites occur within and above stromatoporoid calcirudites and
calcarenites (PI. IV ; Fig. 5; Text-figs. 3D and 5F).

The limestones assigned to Sitk6wka Beds has been divided into the Lower and Upper
Sitk6wka Beds (see Table 1), whose boundary runs at the base of a 35 to 40 m thick complex
of light colored, platy calcilutites and fine-grained Amphipora calcilutites and calcarenites
(Text-figs. 3C, unit 18), forming a conspicuous index lithological horizon in the area under study.
A complex of limestones separating the Lower the Upper Sitk6wka Beds is exposed in the
section of Sitk6wka V quarry (Text-figs. 1 and 3C), as well as in the quarries at Jaworznia
(loc. 26) and on the Ostr6wka Hill (loc. 5). Despite a generally similar lithological development ,
the Lower Sitk6wka Beds differ from the Upper Sitk6wka Beds in a smaller part of coarse­
grained deposits and skeletal limestones. The composition of the stromatoporoid-coral fauna is,
despite the presence of many species in common, also different on the whole.

Lo wer Sitkowka Beds (about 300 to 370 m thick) . - Localities (Text-fig. 1): Kozi Grzbiet
Hill (loc. 3), Olowianka Hill (loc. 4), Stokowka I Hill (loc. 6), Zelejowa Hill (loc. 7 and 8),
Checiny-s-Zamkowa Hill (loc. 9), Radkowice-Soltysia Hill (loc. 11), Sitk6wka III and IV
(loc. 20 and 21), (partly) Sitk6wka V (loc. 22), Babia G6ra Hill (loc. 23), Suk6w-Babie (loc. 24),
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(partly) Jaworznia-Moczydlo Hill (loc. 25), ?Stok6wka 11 Hill (loc. 27), ?Brusznia Hill (loc. 28),
?Szczukowskie G6rki quarry (loc. 31), Radomice (loc. 36), Debska Wola (loc. 37).

Fossils. - Within the Lower Sitk6wka Beds, twenty-two species of stromatoporoids
(Table 2) have been identified, along with the following species of corals:

Tabulata: Tetracoralla:

Crassialveolites crassus (LECOMPTE)
Alveolit es mail/euxi LECOMPTE
Alveolites obtortus LECOMPTE
Scoliopora denticulata (M. EDWARDS & H EIME)
Thamnopora dubia BLAINYILLE
Coenites subramosus LECOMPTE

Thamnoph yllum germanicum SCRUTION
Disphyllum geinitzi LANG & SMITH
Hexagonaria hexagona (GOLDFUSS)

Upper Sitkowka Beds (about 220 to 260 m thick). - Localities (Text-fig. 1): Miedzianka
Hill (loc. 1), Sowie G6rki Hill (loc. 2), Ostr6wka Hill (loc. 5), Bolechowice - "Jaiwica" quarry
(loc. 10), Kowala - railway cut (loc. 12), "Kowala" quarry (loc. 13), "Szewce" quarry (loc. 14),
Czerwona G6ra Hill (loc. 15), Bolechowice - .Panek" quarry (loc. 16), Sitk6wka I and 11
(loc. 18 and 19), (partly) Sitk6wka V (loc. 22), (partly) Jaworznia-Moczydlo Hill (loc. 26),
Jaworznia quarry (loc. 26).

Fossils. - Within the Upper Sitk6wka Beds, thirty-one species of stromatoporoids
(Table 2) have been identified, along with the following species of corals.

Tabulata: Tetracoralla:

Syringopora vocensis T$HERNYSHEY
Syringopora fragi/is SOKOLOY

Phil/ipsastrea smithi R6zKOWSKA
Macgea berdensis SOSHKINA
Marisastrum sedgwick i (M . EDwARDs & HAIME)
Disphyllum caespitosum (GOLDFUSS)
Thamophyllum germanicum SCRUTTON
Neostringophyllum sp,

Palaeoenvironmental remarks. - The Sitk6wka Beds represent a cycle of carbonate se­
dimentation which was started after the deposition of dolomitic sediments had been completed.
The dolomites were formed in restricted shelf lagoons with an abnormal, most likely raised
salinity. The clear carbonate character of the deposits in Sitk6wka Beds is indicative of an
off-shore position of this part of the sedimentary basin. A mosaic facies arrangement of lime­
stones in Sitkowka Beds, expressed in rapid lateral changes in deposits and organic assemblages,
gives evidence for a variable morphology of the bottom. On the whole, the sedimentary en­
vironment of Sitk6wka Beds was divided into the areas of shoals which oscillated near a mean
sea-level and , somewhat deeper areas of inter-shoals in which fine-grained carbonate mud was
deposited, sometimes with a considerable number of Amphipora and, less frequent, solitary
tetracorals, gastropods and brachiopods. A considerable thickness of Sitk6wka Beds might
indicate a sedimentation on an unstable shelf with a relatively high rate of subsidence. Slight
bathymetric oscillations expressed in frequent changes in vertical lithologic sequences, were
connected with the unstable character of the bottom. Bathymetric changes in environment
also clearly express vertical successions of fauna I assemblages (Text-figs.2-5) in which stro­
matoporoids predominate. The stromatoporoid assemblages observed in particular sections
display strong differences in thickness, concentration and degree of abrasion. Except relatively
rare biostromal banks (NELSON et aI., 1962), a decided majority of stromatoporoids bears traces
of abrasion, expressed in their overthrowing or crumbling of their coenostea. The variable
degree of destruction, observed in particular assemblages, of stromatoporoids, is a clear index

2·
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of an environmental turbulence, as well as the resistibility of the colony to a strong water
agitation. As follows from the studies, optimum conditions for the development of massive
stromatoporoids existed in the shallow zone of the basin with slight or moderate turbulence
below the permanent wave-base. Only such assemblages had a possibility of preservation in
life position. The observations of the stromatoporoid limestones of Sitk6wka Beds have re­
vealed that during the periods of a raised hydrodynamic activity of the environment, probably
connected with repeated storms, lunar tides and tsunami, when the wave-base reached much
deeper considerable part of colonies was usually overthrown and redeposited frequently together
with fragments of an autochtonous sediment. After normal conditions have been restored
in the environment, the development of the assemblage was started anew up to the next stage
of destruction. When the stromatoporoid community was exposed to a permanent strong
waving connected with the shallowing of the basin, they were rapidly destroyed and transformed
in a bioclastic sediment. Fragments of crushed colonies were frequently overgrown by algal
coatings. The phenomenon of a disappearance and reappearance of the stromatoporoid com­
munities as a rule stronglydestroyed and overgrown by algal coatings, repeatedly occurring
in the sections Of Sitkowka Beds, might indicate rapid, fluctuating changes in mean sea-level.
The consistently repeated shallowing of the basin, emphasized by the encroachment of the bot­
tom, settled by stromatoporoids, in the zone of permanent waving, is underlined in many cases
by the appearance, above the destroyed stromatoporoid banks, of a sediment with many algal
coatings, laminated limestones of the nature of algal mats, as well as erosion surfaces covered
with flat pebbles. Such sediments are generally interpreted as symptons of an extreme shallow­
water character of a marine environment (shallow subtidal, intertidal and supratidal zones
(e.g., GINSBURG, 1957, 1960; MONTY, 1967; LAPoRTE, 1967). Since no ecologic potential to erect
rigid, wave-resistant structures which should be characteristic of reef organisms (LowENsTAM,
1950), is displayed by the stromatoporoid communities observed in Sitkowka Beds, determining
them as biostromal reefs (PAJCHLo\VA & STASINSKA, 1965) is, in the present writer's opinion,
groundless.

In examining the whole of the sedimentary environment of Sitkowka Beds, it should
be emphasized that the Lower Sitk6wka Beds were generally marked by calmer,and relatively
deeper sedimentation whereas during the deposition of the Upper Sitkowka Beds a considerable
shallowing of the basin took place which was expressed in an increased part of biocalcirudites,
algal coatings and algal mats. A thick complex of calcirudites and fine-grained Amphipora­
-calcarenites separating the Lower from Upper Sitk6wka Beds, is indicative of a longer period
of calm conditions of sedimentation over the entire area under study.

Biostratigraphy and correlation. - The age of the stromatoporoid limestones, assigned
by the writer to Sitkowka Beds, has hitherto been determined, on the basis of a superficial
faunal analysis, as Givetian, most likely the Upper one (GORICH, 1896; SOBOLEV, 1909,
1911; CZARNOCKI, 1938, 1948; PAJCHLOWA, 1959, 1962, 1968). It has however, been shown
by the analysis of the stromatoporoid assemblage of Sitk6wka Beds (Table 2) that, in addition
to the Givetian species, many forms characteristic of the Frasnian are represented in these beds.
The mixed composition of the stromatoporoid fauna might indicate that, in regard to age, the
Sitkowka Beds comprisedep6sits which correspond to the uppermost Givetian - lowermost
Frasilianmarked by a uniform facies development. The most typical and, at the same time,
most numerous stromatoporoid species of the entire Sitk6wka Beds are Actinostroma papillosum
(BARGATZKY), A. 'stellulatum NICHOLSON and ?Pseudoactinodictyon dartingtonense (CARTER)
which make up about 40 per cent of all specimens collected from these deposits. In addition to
many species common to the entire Sitkowka Beds (Table 2), many species occur only in the
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Lower Sitk6wka Beds. Tienodictyon zonatum YABE& SUGIYAMA, occur ring onl y in th e Givetian
(YABE & SUGIYAMA, 1941 ; BOGOYAVLENSKAYA, 1965; STEARN, 1969) being the mo st characteristic
of them. Now, in turn, the Upper Sitkowka Beds contai n several species lacking in the Lower
Sitkowka Beds and of which the most characterist ic ones as , Tienodictyon albertense (STEARN),
Atelodictyon trautscholdi (RIABININ), Str omatopora undata RIABlNIN and Taleastroma confertum
STEARN are known only from the Frasnia n (STEARN, 1961, 1962, 1969 ; RIABlNIN, 1941,1955).

Judging by dist inct differences in the stromatoporo id communities, th e Lower Sitkowka
Beds would correspond to the Upper G ivetian and th e Upper Sitkowka Beds to the .lowermost
members of the Frasnian. Such an int erpretati on of the stra tigraphic po sition of both parts
of the Sitk6wka Beds is also confi rmed by tabulates and tetracorals which in the Lower Sitkowka
Beds are clearly Gi vetian and in the Upper- Frasnia n in cha racter. In the present sta te of studies,
an accurate determination of the boundary between the Gi vetian and the Frasnian is not po ssible
in.thi s section . On th e whole, it may be supposed to run in the middle part of the Sitkowka Beds.
Since the boundary between th e Sitkowka Beds and the unquestionably Frasnian Kadzielnia
Beds is not exposed , the mutual relation of the two stratigraphic ~niis is not quite clear. Under
such circumstances, it is unlikely th at th e st roma toporo id limestones, now assigned to the
uppermost part of the Sitkowka Beds from the sectio ns in th e Kowala-railway cut (loc. 12),
" Kowala" quarry (Ioc. 13) and "Nowiny" qu arry (Ioc. 17), may - as a result offuture studies­
turn out to be an eq uivalent of the Kad zielnia Beds.

3. Kadzielnia Beds

The term .Kad zielnia Beds" is being introduced by the writ er to designat e a 50 m - th ick
complex of poorly strat ified and massive stromatoporo id - coral limestones which ha ve so
far been called K ad zieln ia limestones (GORICH, 1896 ; SOBOLEV, 1909, 1911, 1912 ; CZARNOCKI,
1948; PAJCHLOWA, 1959, 1962, 1967, 1969) an d usually interpreted as reefformat ion s (SOBOLEV,
1909, 1911; CZARNOCKI , 1948 ; PAJ CHLOWA & STASI NSKA, 1965, 1967). The Kadzi elnia Beds,
outcropped in a few localiti es in a di rect neighborhood of Kielce, form th e Dalnia, K arczowka,
Psie Gorki, G6ra Cment arna and Wietrznia (Iocs. 29 to 34 ; Text-fig. 1) hills, all of them ass igned
to the Kadzieln ia chain which mak es up part of the southern zone of th e Kielce-Lag6w
synclinorium. Th e most complete section of th e Kadzieln ia Beds occurs in the Kadzielnia
quarry (PI. I, Fig . 4), situated with in th e city of Kielce.

The lower boundary between the Kad zielnia and the und erlaying Sitk6wka Beds is not
exposed, while platy ceph alopod limestone s, with which th e development of the stromatoporoid
facies terminated in the Devoni an of the western Hol y Cross Mts. (Table I), form their upper
boundary.

The Kadzielnia Beds are developed mostly in th e form of light-colored calcilutites with
irregular intercalations of fine-grained biomicritic calca renit es. These deposits turn laterally
into larger complexes of biosparitic, coarse-grain ed calcarenites or calcirudites. Strom atoporoids
which in calcilutites and fine-grain ed calcarenites are always preserved in growth position are
the ma in faunal elements of the Kad zieln ia Beds. Forms with lenticula r coenostea, usually
reaching considerable dimension s (to 1·5 m in diam eter), predominate in th e lower part of the
Kadzielnia Beds in the section of the Kadzieln ia qu arry (Tex t-fig. 5 G), while very thin, sheetlike
colonies, a dozen or so cm in diamter and not exceding 2 cm in height, are a predominent
element in the upper part. Man y flat colonies encrust brachiopod nests or phylloid alga e
(Keega WRAY), which are part icularl y abunda nt in the upper pa rt of th e section (Tex t-fig. 5G).
Stromatoporoids are wide ly spaced in the deposit an d th e degree of th eir concentration in the
sediment as a rule does not exceed 25 to 30 per cent of the volume of the rock. Sometimes,
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Alveolites parvus L ECOMPTE

Alveolites suborbicularis LAMARCK

they are accompanied by numerous, massive and ramose tabulates and less frequent solitary
or colonial tetracorals, which in some parts of the profile form independent assemblages .
Brachiopods and large gastropods, which, particularly in the lower part of the section, occur
in larger accumulations, are also common within the Kadzielnia Beds. The presence of biose­
dimentary structures of the type of "Stromatactis" especially numerous in the lower and upper­
most part of the section , is a characteristic feature of the Kadzielnia Beds. Most likely, the
.Stromatactis" are traces of burrowing organisms (SHINN, 1968), making up systems of irregular
canals or cavities which penetrate the deposit mostly in the horizontal plane and are filled with
a sparry calcite.

The stromatoporoid assemblage in the Kadzielnia Beds is represented by nine species
(Table 2). The following coral were identified:

Tabulata: Tetracoralla:

Macgea supradevonica (PENECK E)

Ma cgea berdensis SOSHKINA

Thamnophyllum kozlovskii ROZKOWSKA

Thamnophyllum monozonatum (SOSHKINA)

Phillipsastrea ananas (GOLDFUSS).

Paleoenvironmental remarks. - In regard to paleogeography the Kadzielnia Beds re­
present deposits of the marginal zone of a carbonate platform which separates the shelf of the
Kielce sedimentary region from the basinal Lysog6ry sedimentary region. It follows from the
lithologic and faunal analyses of the sections of particular outcrops of the Kadzielnia Beds
that this area was probably strongly differentiated morphologically and consequently, also
in regard to the hydrodynamic activity of the environment. '

Fine- and crypto-grained sediment s, predominant in the sections of the Kadzieinia quarry
or Dalnia Hill, indicate a generally low energy index of this part of the sedimentary basin .
Only rare and irregular intercalations of echinoderm or calcisphaera biopelsparites would be
symptoms of brief periods of raised turbulence which, however, did not cause any major des­
truction in the bottom zone. A quiet character of th is part of the sedimentary environment of
the Kadzielnia Beds is also emphasized by the in situ position of 1)10st of the organisms. Thi s
concerns both ,stromatoporoids and corals and both brachiopods and gastropods which as
a rule do not display redeposition or abrasion. Characteristically lenticular and tabular shapes
of coenostea of stromatoporoids are adaptation to the life on a soft substratum. According
to the interpretation of MURRAY (1966) and STEARN (1967), the tabular form of stromatoporoids
coenosteum might be connected with their development on a more steeply sloping bottom on
which it assured a better stability of a colony. The marginal shelf position of the sedimentary
area of the Kadzielnia Beds allows one to presume that the bottom was considerably, sloping
northwards or north-eastwards. The unquestionable softness of the substratum on which tabular
strornatoporoids developed within the Kadzielnia Beds is emphasized by many colonies shaped
like an inverted , flattened hat (Text-fig. 6) whose central part plunged with its growth in the
calcareous ooze as an effect of its own weight. In search for a harder substratum, stromatoporoids
readily used for settlement thin layers of brachiopods or encrustations of phyIloid calcareous
algae, which made up a firmer substratum than the quaggy sediment.

In some places the facies of fine- and crypto-grained limestones with tabular stromato­
poroids turns laterally into coarse-grained deposits of the nature of biosparitic calcarenites and
calcirudites, whose best outcrops are observed on the Psie G6rki and Cmentarna G6ra hills
and in the Wietrznia quarry. These deposists represent products of abrasion of the stromato­
ooroid-coral assemblages, developing in the area s which directly adjoin the zones referred to
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Main types of the morphology of coenosteum in massive stromatoporoids from the Devonian of the Holy Cross Mts.
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above. These areas were either permanently, or periodically included by a strong water agi­
tation. Part of the bioclastic material, occurring in these deposits, was probably redeposited
from the area of carbonate platform situated somewhat to the south of the marginal zone of
shelf and subsequently accumulated on its slope. Together with a local material, these deposits
were frequently subject to a mass displacement deep into the basin. Such displacements
in the form of turbidities are known from several outcrops of Frasnian basinal deposits
(SZULCZEWSKI, 1968).

The lack of terrigenous particles in the stromatoporoid limestones of the Kadzielnia
Beds is indicative of an off-shore position of the sedimentary environment.

Many suggestions concerning the reef character of these deposits (SOBOLEV, 1909; CZAR­
NOCKI, 1948; PAJCHLOWA & STASINSKA, 1965, 1967) have not been confirmed by the writer's
observations of the sedimentary environment of the Kadzielnia Beds. In addition to the litho­
logical and sedimentary characters of these deposits cited above, the non-reefoid origin of these
beds is also indicated by the presence of burrows of the "Stromatactis" type, particularly
abundant in the section of the Kadzielnia quarry (Text-fig. 5 G) which was considered as the
most representative part of reef deposits in the Holy Cross Mts. The presence of the traces
of an intensive activity of the burrowers unequivocally indicates an environment quite different
than a reef environment (GOLDRING, 1964; SEILACHER, 1957; SHINN, 1968; LAPORTE, 1968).
The poor stratification of the Kadzielnia Beds , frequently serving as an argument for the fol­
lowers of the reef origin of these deposits, is, in this case, only an evidence for uniform condi­
tions of sedimentation which persisted for a longer time. Poorly or non-stratified deposits
are known from many non-reefoid platform carbonate sequences (SANDERS & FRIEDMAN,
1967; JENKYNS, 1970). In regard to ecology, the stromatoporoid assemblages preserved in situ
within the Kadzielnia Beds, may be determined , in conformity with the classification of skeletal
limestones of NELSON et al. (1962) , as biostromal banks with a relatively low concentration
of organisms.

Biostratigraphy and correlation. - Frasnian age of the Kadzielnia Beds follows from
studies of the fauna, published thus far. On the basis of Hypothyridina cuboides (SOWERBY),
which occurs in massive Kadzielnia limestones, the age of the Kadzielnia Beds was determined
by GORICH (1896) as the Middle part of the Early Upper Devonian. SOBOLEV (1912) considered
the Kadzielnia limestone as a time and facie s equivalent of the Frasnian Iberg limestone of the
Harz Mts. According to CZARNOCKI (1948) , massive stromatoporoid-cora l limestones might
correspond to the Lower and Middle Frasnian and overlaying cephalopod limestones with
Manticoceras might represent the Upper Frasnian. CZARNOCKI'S triparite division of the Frasnian
in the Kielce sedimentary region, supplement by descriptions of coral fauna (STASINSKA, 1953;
R6zKOWSKA, 1953, 1956, 1957) has been used until now. This division differs radically from
standard cephalopod-zones and correlated conodont-zones now in general use for the Upper
Devonian biostratigraphy. In the course of recent biostratigraphic studies on the Upper De­
vonian of the Holy Cross Mts., conodonts of Ancyrognathus triangularis (Frasnian Iy) have
been found by Dr. M. SZULCZEWSKI (personal communication) in the uppermost part of the
Kadzielnia Beds exposed in the Kadzielnia quarry. Since the underlaying Upper Sitkowka Beds
have been determined by the present writer on the basis of stromatoporoids as the lowermost
Frasnian, the stromatoporoid limestones of the Kadzielnia Beds would probably correspond
to a brief period between the Lowermost Frasnian and Frasnian Iy, which is not likely to exceed
one conodont zone. Furthermore since the boundary between the Upper Sitkowka and the
Kadzielnia Beds is not exposed, the correlation of the two units is difficult to determine precisely.
The fact that several new species, which are not represented in the Upper Sitkowka Beds, appear



MORPHOGENESIS AND SYSTEMATICS OF THE DEVONIAN STROMATOPOROIDEA 25

in the assemblage of stromatoporoids of the Kadzielnia Beds, seems to iridicate a higher stra­
tigraphic position of the last-named unit. Unfortunately, stratigraphic ranges of stromatoporoid
species characteristic of the Kadzielnia Beds are insufficiently studied and such species are
recorded from both the Upper Givetian and the Frasnian of Europe and North America
(NICHOLSON, 1886b, 1892; PARKS, 1936; KLOVAN, 1966).

STRUCTURE OF THE STROMATOPOROIDEA

FORMATION OF THE SKELETON IN THE STROMATOPOROIDEA

General. - Despite collecting a considerable factual material and a rapid increase in
the number of the species described (cf. Fossilium Catalogus - FLUGEL & FLUGEL-KAHLER,
1968), several authorsof new papers, devoted to general morphological and taxonomic problems
of the Stromatoporoidea (KUHN, 1939; YAVORSKY, 1955; LECOMPTE, 1951, 1956; GALLOWAY,
1957; STEARN, 1966b), avoided the subjects related to the biological interpretation of some re­
gularities involved in the process of skeleton formation in the stromatoporoids and a presumably
position of the soft parts in the course of growth. The undertaking of an attempt at an expla­
nation of the mechanism of forming skeletal elements in the stromatoporoids is particularly
important in determining their suitability for the purposes of taxonomy which, within the range
of this group of fossils, passes through a profound crisis clearly visible in various diagnostic
criteria used in recently published works (SLEUMER, 1968, 1969; MORI, 1968; KHALFINA,
1968a, b; BOGOYAVLENSKAYA, 1969b).

After more than 140 years of studies on the stromatoporoids, the view has been accepted,
first expressed by LINDSTROM (1876) who believed in the relationship of this group of fossil
organism to some .of the Recent Hydrozoa. LINDSTROM'S view was initially accepted and
developed by CARTER (I877, 1878a, b) and NICHOLSON (I886b). The latter author divided the
order Strornatoporoidea, he erected, into "Hydractinoid" and "Milleporoid" groups which
were supposed to emphasize a morphological similarity of the stromatoporoids to the Recent
Hydrozoa: Hydractinia VAN BENEDEN and Millepora LAMARCK. Following HEINRICH'S (1914)
studies and yet more the studies on the Recent gymnoblastic hydroids, conducted by TRIPP
(1929), the stromatoporoids turned out, however, contrary to NICHOLSON'S (I886b) suppositions
not to have zooidal tubes in coenosteum, which would be comparable with systems of zooidal
pores (cyclosystems) of the Recent Millepora. Thus, the gymnoblastic hydroids secreting their
skeleton only at the base of a colony, are the only Recent forms with which the stromatoporoids
are compared.

Unfortunately, except for more accurate studies on a few representatives of the Recent
Gymnoblastina with chitinous skeletons, conducted by TRIPP (1929), the mechanism of skeleton
formation in this group of the Hydroida is recognized very poorly. Particularly important studies
might be conducted from this viewpoint on such forms as, Hydrocorella africana STECHOW
and Janaria mirabilis STECHOW (STECHOW, 1921) having calcareous coenostea devoid of zooidal
tubes. It is clear from GOETTE'S (I916), TRIPP'S (1929), BRAVERMAN'S & SCHRANDT'S (I966)
and VERVOORT'S (1966) studies that in the Recent gymnoblastic hydroids secreting a basal
skeleton, there occur three fundamental types of the organization of coenosarc, a different
structural type of skeleton being connected with each of them. Skeletons are, in all cases, of the
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ectodermal origin. The two statements given above are of a great importance to the under­
standing of skeleton formation processes in the Stromatoporoidea.

Type 1 - is represented by encrusting colonies of .Hydractinia echinata (FLEMMING)
whose coenosarc occurs in the form of a compact, thin ectoderm layer, with gastrodermal
canals, shaped like a dense, irregular network (TRIPP, 1929; HYMAN, 1940), running
within it. Epithecal ectoderm is naked, without an external peridermal sheath. A chitinous
skeleton is deposited by a slightly folded internal layer of octoderm (Text-fig. 7AI), from which
irregular coenosarcal strands, penetrating inside the skeleton, may detach themselves locally.
This type of the basally deposited skeleton was termed by TRIPP (I. c.) as an "open" one. With
the growth of a colony, the layer of coenosarc gradually shifts upwards on thick pillars connected
with each other at irregular intervals by horizontal trabeculae. Skeletal elements have a lamellar
structure and the entire skeleton displays , in vertical section, a system of an irregular lattice
(Text-fig. 7 A 2) .

Type 2 - is represented by rhizocaulomic colonies of Solanderia secunda (INABA), Rosa­
linda williami TOTTON (see VERVOORT, 1966), as well as by encrusting colonies of Rosalinda
incrustans (KRAMP) and Hydractinia sodalis STlMPSON (see STECHOW, 1909; TRIPP, 1929). The
coenosarc consists here of a considerably thicker, compact mass of ectoderm, with thin tubes
of entodermal (gastrodermal) canals running within it (Text-fig. 7B). A chitinous skeleton
is composed of twisted fibers connected with each other to form an irregular spatial lattice
completely embedded in ectoderm. Epithelial ectoderm occurs in the form of a naked layer
devoid of a peridermal sheath. Skeletal elements are secreted in the course of growth by
a strongly folded ectoderm directly below a layer of epithelium. With growth coenosarc
increases only its volume and does not leave the previously formed skeleton.

Type 3 - is represented by encrusting colonies of Podocoryne carnea M. SARS, whose
coenosarc, in contradistinction to Types 1 and 2, does not form a compact layer, but consists
of a relatively loose meshwork of stolons, connecting particular individuals of the colony, ex­
ternally.covered with a thin layer of periderm (Text-fig. 7 Cl)' A chitinous skeleton is deposited
in the basal zone of stolons (horizontal skeletal elements) and interstonlonlly (vertical skeletal
elements). In the course of their growth, stolons penetrate through the peridermal cover and
form on it another layer of stolons, also depositing the skeletal substance. Such a manner
of forming skeleton was termed by TRIPP (1929) "closed". Stolons of the upper and lower
layer connect with each other with passages not overgrown by the seleton. Skeletal elements ,
formed as a result of a repeated deposition of stolonal layers, are tubular (Text-fig. 7 C2) .

Summing up the characteristics of the main coenosarc-skeleton systems in gymnoblastic
hydroids, attention should be attracted to a clearly higher degree of folding the coenosarc
in type 2 as compared with type 1 and , in this connection, a larger complexity of the skeletal
system. In all the cases under study, zooids budding in a mosaic-like manner do not participate
in forming skeletal elements.

The coenosarc-skeleton relation in the Recent gymnoblastic hydroids results in a conclusion
important to the considerations on the distribution of soft parts in the coenosteum of the stromato­
poroids. This conclusion is as follows: two elements: a) a general organization of the coenosarc
and b) a position of the skeletogenic layer of ectoderm in relation to the skeleton in the course
of its growth, may be reconstructed on the basis of the morphology ofskeleton. The coenosteum
in ' the stromatoporoids may, therefore, be determined as a result of the calicoblastic activity
of the basal zone of ectoderm changing its .configuration (degree of folding) in various stages
of the growth of a colony.
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It follows from the morphological observations of so far described Paleozoic stromato­
poroids that their skeletons were formed, without any exception s, analogously to those of the
Recent Hydractinia echinata (Type 1 or TRIPP'S (1929) "opm" type) whose compact coenosarc
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Main types of the organization of coenosarc and of the structure of skeleton in the Recent gymnoblastic hydroid s. A ­

Hydraetinia eehinata (FLEMMING) : 1 distribution of coenosarc in relation to skeleton, 2 a fragment of basal skeleton ;
8 - Hydractinia sodalis STIMPS ON; C - Podocoryne earl/ea M. SARS: 1 distribution of stolons of hydrorhiza in relation
to skeleton, 2 a fragmen t of interstolonal skeleton. (All after TRIPP , 1928); eet ectoderm, ent entoderm , ep epithelium,
gt gastroderrnal tube s, per periderm, st stolons, z zooid , sk skeleton , p pillar , I lamina , sp spine, isp interske letal space
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displayed a clearl y progressive tendency to iricrease its fold ing and to form, in some lineage s,
coenosarcal strands penetrating deeper into th e skeleton. Despite th e fact th at judging from
the complex system of skeleta l elements in the interlaminar space, the degree of folding in some
of the Middle and Upper Devonian st romatoporoids (e.g., Tienodictyon YABE & SUGIYAMA)
had to be already very high , the skeleton doe s not seem to have been formed within the ectoderm
as is the case in the Recent Hydraetinia soda/is (Type 2). Likewise, contrary to TRIPP'S (1929)
supposition, no skeletons may be found among Paleozoic stromatopo roids which would cor­
respond to the tubular interstolonal skeletons of th e Recent Podo eoryn e earnea (Type 3 or
TRIPP'S "closed" type) .

GRdWTH PATTERN OF T HE STROMATOPOROIDEA

To understand the manner of growth of th e skeleton in th e stromato poroids, it is necessar y
to det ermine the zone occupied by coeno sarc in successing stages of gro wth of coenosteum,
as well as the manner in which skeleton contacted coenosarc. Various morphological elements
of skeletons of the stromatoporo ids who se observation allows one to conclude on skeleton­
-coenosarc growth relations in various morphological groups of th e Stromatoporoidea are
discussed below.

Growth discontinuities

Only few st romatoporoids have skeletons formed as a result of a continuous growth
process, usually manifested by the occurrence of long, uninterrupted vertical element s of th e
skeleton (e. g., Labechia EDWARDS & HAlM). Most of the Stromatoporoidea display a growth
periodicity, resulting in th e occurrence in the coen osteum of various kinds of planes which ma y
be commonly termed as growth discontinuity surfaces. The presence of a growth discontuinity
surface indicates that now and then the growth of skeleton was inhibited or stopped and after
some longer or shorter period was continued once again.

Growth inhibition surf aces are the mo st common type of th e growth discontinuity. Th ey
are visible in the skeleton in th e form of thin dark-coloured layers distinctly discernible in th e
microscopic picture (in vert ical section against the background of th e rest of the skeletal sub­
stance, regardless of its microstructural cha racter (PI. X, Fig. 2 ; PI. XI , F igs. I and 3a ; PI. XVII ,
Fig. I cl). Growth inhibition sur faces, which occur in coenostea with larninar str ucture run
always in the plane of lamine, usually in their upper and, less frequently, middle part (PI. XX ,
Fig. 2a-b; PI. XXXI, Figs. I a and 2e) . The segments of skeleton , contained between succesive
growth inhibition sur faces ma y be called growth increments of a colony. Particular inc rements
may be of equal size, but usually the y vary within a considerable inte rval (PI. XX , F ig. 2a-b).
Discordances in the trace of vertical elements of skeleton on the boundary of dark-coloured
layers give evidence that the se layers were actua lly formed during th e periods of growth
inhibition, sometimes equi valent to its complete stoppage, Thi s shows th at a normal secretion
of the skeletal substance was resumed, after the completion of each growth increment ,
regardless of a skeleton depo sited ea rlier (PI. X, F ig. 2). Thus, th e growth inhibition
sur faces determine the boundary of th e range of coen osarc in a given stage of growth of
a colony and simultaneously allow one to find th at in the skeletons displaying periodicity
of growth inhibition th e layer of coenosarc could not exceed the part of skeleton contained
between two successive discontinuity sur faces. The dar k colorat ion of th e skeleto n in the plane
of growth inhbition may be explained by a con siderable decrease, du ring that peri od of the
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calcification activity of the ectoderm or , vice-versa, by an increase in the secretion of organic
matter. This phenomenon was probably evoked by brief changes in the metabolism of a colony,
periodically repeated in the process of growth. Despite the darker coloration, the growth in­
hibition surfaces do not differ microstructurally from the skeleton within which they run.

The growth inhibition surfaces of the nature of darker layers occur mainly in the group
of microreticulate stromatoporoids (group "B", see p. 49). In older representatives of this
group (e.g. , Densastroma E. FLUGEL, A ctinostromella BOEHNKE, Parallelostroma NESTOR),
they are still relatively rare and irregular ; afterwards, their number gradually, increases. Thi s
might be evidence for a progressive increase in growth rhythmics in stromatoporoids younger
geologically. A similar phenomenon is observed in the development of growth rhythmics in
several other groups of marine invertebrates (PANNELLA & MACCLINTOCK, 1968).

The dark surfaces of growth inhibition were termed "dark lines" (NICHOLSON, 1886b,
LECOMPTE, 1956), "primary lamin ae" (PARKS, 1936) or "microlaminae" (GALLOWAY, 1957,
ST. JEAN, 1960), but their formation was not interpreted by any of the authors mentioned, except
for , TRIPP (1929, 1932), who considered the dark lines, occurring in the plane of laminae, as
a suture formed as a result of a simultaneous bilateral deposition of the skeletal substance,
identical with that in the Recent Podocoryn e carnea (Text-fig. 7 C2) . TRIPP'S interpretation is,
however, contradicted by the fact of a general occurrence of dark layers in the skeletons which
do not display laminar structure (e. g. most of Stromatopora GOLDFUSS, Densastroma E. FLUGEL,
Syringo stromella NESTOR), as well as by the position of the alleged "suture", which usually
occurs in the upper and not central pa rt of laminae. Primarily, however, no tubular skeletal
elements; cha racteristic of inter stolonally secreted skeletons ofPodocoryne cam ea (Text-fig. 7 Cl),
have ever been observed in the stromatoporoids with dark-coloured layers of :growth
inhibition. ' ,

Another type of growth periodicity in the stromatoporoids are growth interruptionsurfaces,
in which secretive activity of ectoderm had to be completely interrupted for a certain period.
As a result , the occurrence, of a discontinuity in the character offissures (Pl. VII, Fig. 6; PI. XVI,
Figs. 2 and 3a) is observed in vertical sections of some of the skeletons. In the skeletons with
laminar structure, fissures always occur in the plan e of laminae and in the skeletons, in which
vertical elements pred ominate, fissures intersect, at more or less regular intervals,' pillars or
vertical walls. The presence of fissures is an evidence that the secretion of skeletal substance
took place, after a growth interruption, independently of a previously deposited skeleton. In
a new growth cycle, it served only as a substra tum for a newly formed skeletal layer. Depending

. on the degree of the adjustment of the basal zone of the new growth cycle to the substratum,
fi ssures may be narrow or wide, even or irregular with sudden extensions and contractions.
Over some parts of the skeleton, fissures disappear (Text-fig. 8a) and in this connection it may
be presumed that an interval in the secretive activity of ectoderm did not include simultaneously
the entire colony. This is indicated, in addition, by frequent lateral transition s of the fissures
of growth interruptions into dark-coloured layers of growth inhibition. If, however, in the plane s
of growth inhibition cenosarc continued to occur on the surface of skeleton, in the case of growth
interruptions there is every reason for the statement that is might periodically disappear from
some parts of the skeleton. Since the depo sition of a thin layer of sediment and even the de­
velopment of the bundle s of blue-green algae (Text-fig. 8b) could come about on some growth
interruption surfaces, the period of the absence of coeno sarc from some places of the colony
had to be fairly long. Such a considerable laterallability of the coenosarc in the stromatoporoids
is not unu sual if we consider the well-known fact of a high degree of plasticity of coenosarc
in the Recent Gymnoblastina during the growth of which frequently large masses of cells become
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resorbed in certain parts of the colony and shifted to other parts in which a more intensive
growth is just taking place.

The surfaces of skeleton, periodically devoid of coenosarc, were frequently encrusted
by larvae of some Tabulata (Aulopora, Syringopora, Syringoporinus) and less so by solitary
Rugosa and sedentary polychaetes (e.g. , Spirorbis), whose development required a hard sub­
stratum. After the resumption of the growth of skeleton, these organisms grow together with
the stromatoporoid colony, adjusting to it the rate of their growth. The biotic associations of
this type were called by most authors commensal ones (CLARKE, 1908, 1921; GALLOWAY,
1957; FLVGEL, 1959 and others). In the present writer's opinion, the fact of the adjustment of
the earliest growth stages of the organisms associated with the stromatoporoids, having growth
interruption surfaces, indicates that these associations were rather loose and may be assigned
to anepibiontic category. It is not unlikely, however, that some of the epibionts might pass
to a closer cooperation with the stromatoporoids. In all the cases of a common growth of the
Tabulata and stromatoporoids, observed by the writer, the development of the tabulates was
always started from the growth discontinuity surface which mostly was of the nature of
a distinct interruption. This fact allows one to consider the presence of the tabulates in the
skeletons of stromatoporoids as a general index of the occurrence of growth discontinuity in the
process of the growth of coenosteum.

sp

o
Fig. 8

Growth interruptions in vertical sections of the coenosteum of .Diplostromo" NESTOR : a .Diplostroma" yavorskyi NESTOR

(based on holotype EAS - Co 3140); b .Diplostroma" validum N ESTOR (based on holotype EAS - Co 3138); x 10
approx. al bundles of blue-green algae covering the surface of a growth interruption, sk skeleton, sp irregular splits of

growth interruption, ta tabul ate coral Aulopora sp. encrusting the growth interruption surface

Closely spaced distributed and rhytmically repeated growth interruption surfaces, visible
in vertical section s of some of the stromatoporoids as thinner or thicker white strands (e. g., Stro­
matopora mononensis GALLOWAY & ST. JEAN ; PI. XII, Fig. 1) have so far been described as
"light microlaminae" (GALLOWAY, 1957; GALLOWAY & ST. JEAN, 1957; ST. JEAN, 1960) and
erroneously considered as a skeletal element of coenosteum. The fissures of growth interruptions
in the planes of laminae (PI. VII , Fig. 6 ; PI. XVI , Figs. 2a and 3a) have descriptively been
termed as a "light axial zone" (STEARN, 1966b), whereas the laminae themselves with fissures
as "bipartite laminae" (LECOMPTE, 1951) or "t ripartite laminae" (LE MAITRE, 1949; STEARN,
1966b). A separate term "tubulate microstructure" (LEMAITRE, 1949; LEcoMPTE, 1951: STEARN,,
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1966b) have been introduced to designate laminae with irregular fissures of growth interruptions,
frequently bifurcating in the plane of laminae.

Growth interruption much the same as growth inhibition surfaces indicate that the po­
sition of coenosarc in relation to skeleton was, in the process of the growth of a colony, limited
to its most superficial zone, of skeleton now contained between two successive growth in­
terruption surfaces (one growth cycle).

It follows from the variable character and different frequency of occurrence of two types
of growth discontinuity discussed above that, despite their formation being connected, in both
cases with periodical changes in metabolism of the colony, the process under study was variously
reflected in the skeleton, even within one, and the same coenosteum. In this connection, in some
phases of the growth of the colony, the secretive periodicity of coenosarc was very poorly or
not al all expressed in the skeleton (Text-fig. 8b). The above statement considerably minimizes
the taxonomic value of a growth discontinuity surfaces. The genus Diplostroma NESTOR,
(NESTOR, 1966), separated only on the basis of irregular fissures of growth interruptions, se­
parating some of the laminae and sometimes filled with sediment, may here serve as an example.
In many parts of the skeleton of Diplostroma, these fissures do not occur and in such cases this
genus does not differ at all from Simplexodictyon BOGOYAVLENSKAYA (Text-fig. 19b), of which
it is probably a junior synonym. Very variable in character are also growth discontinuities
(= ;,axial microlaminae" or "axial light or dark zones", STEARN, 1966b), usually occurring
in the plane of laminae in the representatives of such genera as, Stromatoporella NICHOLSON,
Stictostroma PARKS (pI. XVI, Figs. la, 2 and 3a; PI. XVII, Figs. la and Id-e), Trupetostroma
PARKS (PI. XXIX, Fig. I a; PI. XXX, Fig. 2a; PI. XXXI, Figs.2a and 2c), Hermatostroma
NICHOLSON (PI. XXXIV, Fig. la; PI. XXXV, Figs la, 2a and 3a) and Clathrocoilona
YAVORSKY. In many species of these genera, growth discontinuities are very rare or do not
occur at all.

Laminae and latilaminae as symptoms of growth periodicity

In addition to growth discontinuity surfaces, the growth periodicity of skeletons of the
stromatoporoids is expressed in the presence of laminae, that is, horizontal calcareous sheets
deposited at more or less regular intervals by.octoderm, which in this growth stage was flat.
Part of skeleton, contained between two successive laminae and usuaIly called an interlaminar
space (GALLOWAY, 1957), corresponds to a single growth increment of the colony. Depending
on the height of interlaminar spaces, the growth increments of colonies may be called either large
or small. Large growth increments are characteristic features of the skeletons the representatives
of, for instance, Tienodictyon YABE & SUGIYAMA (PI. XII, Figs. 1-3), while some of the species
of Clathrodictyon NICHOLSON & MURIE, Simplexodictyon BOGOYAVLENSKAYA (PI. VII, Fig. 8)
and Stictostroma PARKS (PI. XI, Fig. 4a) have considerably smaIIergrowth increments. Skeletons
with uniform growth increments are rare. Usually, larger and smaller growth increments
occur within one and the same coenosteum, irregularly interlacing each other.

The presence or absence of laminae is a permanent specific feature, whereas a variable
height of interlaminar spaces is connected with the influence of environmental conditions,
disturbing the internal growth rhythmics of colonies (environmental control). The occurrence
of epibiontic tabulates (PI. XV, Fig. 1a-b; PI. XVI, Fig. I a) on the surfaces of laminae in some
of the skeletons enables the supposition that at least part of them might correspond to the sur­
faces of very brief growth interruptions.

When alternate series of large and small growth increments repeatedly occur wider zones,
termed latilaminae (NICHOLSON, 1886b), frequently visible with the naked eye, are marked
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in the skeleton. They ha ve most often been interpreted as a colony's response to seasonal cli­
matic changes (LECOMPTE, 1951, 1956; GALLOWAY, 1957; N ESTOR, 1964 "and others), or as
changes in its growth rate evoked by a varying rate of sedimentation (Jux, 1957; BROADHURST,
1966). A concurrence of species with and without lat ilaminae in one and the same assemblage
may be explained by their different degree of susceptibility to the changes in environmental
conditions.

GROWTH RELATIONSHIP BETWEEN HORIZONTAL AND VERTICAL SKELETAL ELEMENTS

Growth of horizontal elements

Straight or gently twisted laminae, probably deposited periodically by a flat ba sal ecto­
derm, are most common horizontal skeletal element s in the stroma toporoids . In the cases
in which laminae are of the nature of compact plat es (e.g., Simplexodictyon BOGOYAVLENSKAYA,
Plexodictyon N ESTOR, Tienodictyon YABE & SUGIYAMA), they were undoubtedly formed as
a result of the secretion of skeletal substance by the entire surface of ectoderm . In addition,
compact laminae indicate, that, afte r their secretion, coenosarc lost contact with the skeleton
situated below, that is, that the zone of its occurrence was limited to the mo st superficial layer
of skeleton (no more than one interlaminar space). Frequently, however large circular pores,
often called foramina (GALLOWAY, 1957), connecting adjoining interlaminar spaces (PI. XIII,
Figs. I a, I c-d; PI. XIV ; F ig. 1c; PI. XV, F ig. 2a) occu r in laminae. The frequency of their
occurrence in laminae is more or less constant for definite species.

Foramina ma y be interpreted as traces of coenosarcal strands which penetrated deeper
parts of the skeleton. In the process of th e deposition of a lamina, when the ba sal ectoderm
became flattened the se strands were situated on a lower "tier" of the skeleton and only later
the y were shifted upwards (Text-fig. 9 B 2) . Openings left by strands in the plane of laminae
were usually covered with th in, convex plates of the nature of tabulae deposited by the distal
zone of strands.

What is known as "ring-pillars" (GALLOWAY, 1957), tubular structu res formed as a result
of a sudden upward bend of laminae around for amina and characteristic of species of Stro­
matoporella NICHOLSON and Pseudostromatoporella n. gen. (PI. XIII , Fig. 1a-b ; PI. XVIII,
Fig. 1a-d) make up a modificati on of foramina. In some of the species, ring-pillars are very
low, hardly projecting over th e sur face of a lami na, in some others the y reach halfway the
height of an interlaminar space (PI. XVIII, Fig. I c). Species are also known in which ring-pillars
intersect the interlaminar space and connect two neighboring laminae. In the last-named case ,
ring-pillars may be limited to only one interlaminar space (e. g., Pseudosfromatoporella eriensis
(PARKS), cf. GALLOWAY & ST. JEAN, 1957, PI. 10, F ig. 2a) or continue, in the form if long ,
vertica l tubes, through several laminae (e.g. , Pseudostromatoporella columbusensis (GALLOWAY &
ST.JEAN)cf.GALLOWAY & ST.JEAN, 1957, PI. 10, Fig. 3a; Stromatoporella fubulipilafa(KHALFINA) ,
et.KHALFINA, 1968b , PI. 2 Fig . 1a). Ring-pillars, much the same as foramina, may be, in the upper
part, open or closed by tabulae. Frequently, they gradually narrow upwards so that in some of the
species they may ultimately turn into cones closed on the top (e.g., Stromatoporella selwyni
NICHOLSON, cf. GALLOWAY& ST.JEAN, 1957, PI. 8, Fig. 1a). In the present writers opinion, ring­
pillars, like foramina, are also traces of the coenosarcal strands, departing from a principal mass of
the superficially situated coenosarc and making up the same function as typical foramina. Ring­
-pillars were probably formed when the coenosarcal strands still remained in foramina and when
the principal mas s of coenosarc started to separate from laminae, to fold and to form vertical
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elements on which it rose upwards (Text-fig. 9 B3) . In fact , ring-pillars are, therefore, vertical
elements of the skeleton, who se functionality terminated at the moment when they were covered
with tabulae or overgrown.

. The above interpretation of the function of foramina and ring-pillars is based on TRIPP'S
(1929) observations of the distribution of coenosarc in the Recent Hydractinia echinata
(FLEMMING), in which strands, composed of a non-differentiated mass of cells , remaining for
a certain time in contact with coenosarc and subsequently resorbed or degenerated, detache
themselves in many places from the superficial layer of coenosarc and run inside the skeleton.
Since foramina, followed by ring-pillars appear gradually in the development of some of the
groups of the Stromatoporoidea and express fundamental evolutionary changes in the organi­
zation of coenosarc, they should be included among more important taxonomic characters
of the Stromatoporoidea (cr. also GALLOWAY & ST. JEAN, 1957; GALLOWAY, 1957; STEARN,
1966b; ST. JEAN, 1967).

A
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3

Fig. 9
A schematic recon structions of the situation of basal ectoderm in some stromatoporoid genera: A - morphological
group "A": I Simplexodictyon B OGOYA V LE:-;SK AYA . 2 Anostylos troma P ARKS, 3 Tienodictyon YAB E & SU OIYAMA; B - mor­
phological group "B": 1-2 S tictostroma P AR K S, 3 S tromatoporella NICHOLS ON ; all in vertical section ; not to scale.
bee basal ectode rm, cl coenosarcal lobes. cs coenosarcal strands, d dissepiment s, f foram ina, I lamina e, p pillars, rp ring-

-pillars. t tabul ae

Some of the stro mato poro ids of the rnicroret iculate group (group "B" , cr. Table 3) have
laminae in the form of a fairl y loo se reticulum, formed by reduction and thickening of the
fibers of an primary microreticulum (~. g. , species of Actinostroma NICHOLSON and Atelo­
dictyon L~COMPTE). Angular outlines e f th e meshe s in laminae of these forms preclude the
possibility of comparing them with foramina. Reticular laminae were probably deposited by
an almost completely flat ectoderm, however not by its entire surface, as was the case of compact
Palaeontologia Polonica No . 26 3
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laminae, but in the form of certain strands, which resulted in the formation of lists which con­
nected at one level vertical elements of the skeleton.

Dissepiments, frequently termed also cyst plates (GALLOWAY, 1957; GALLOWAY & ST. JEAN,
1957), are commonly occurring horizontal elements of the skeleton in many stromatoporoids.
Like laminae, they were deposited by flat parts of the basal ectoderm. Dissepiments began to
occur earlier than laminae and they were one of the first structural elements of the skeleton
to appear in the history of the Stromatoporoidea. Many of the Ordovician to Lower Silurian
stromatoporoids have skeletons, composed almost exclusively of more or less convex dissepi­
ments (e. g., Cystostroma GALLOWAY & ST. JEAN, Pseudostylodictyon OZAKI, Stratodictyon
WEBBY). In others, which developed vertical elements (pillars, vertical tubes, vertical walls),
dissepiments with a varying degree of curve occur as an only horizontal element of the skeleton
(e.g., Labechia M. EDWARDS & HAlM, Stromatocerium HALL, Cystistroma ETHERIDGE, Actino­
dictyon PARKS). In many younger stromatoporoids, having well-developed laminae, dissepiments
occur in varyirig numbers within the interlaminar space (e. g., Pseudoactinodictyon E. FLtjGEL,
PI. XXIX, Fig. 2a; Tienodictyon YABE & SUGIYAMA, PI. XII, Figs. 1-3; Ferestromatopora
YAVORSKY, PI. XXV, Fig. 1a). It follows from the examples cited above that with the de­
velopment of laminae, dissepiments turn from the main into the supplementary skeletal elements
destined to support the coenosarc uplifted on pillars or vertical walls. In many lineages, laminae
are gradually replaced by flat dissepiments. This process leads sometimes to an almost complete
removal of laminae (e.g. Trupetostroma laceratum LECOMPTE, PI. XXX, Figs. 1a and 1d; Her­
matostroma perseptatum LECOMPTE, PI. XXXIV, Fig. 2). Tabules, covering foramina and ring
pillars and intersecting closed interskeletal spaces, which are of the nature of vertical tubes
or what is known as autotubes (HUDSON, 1957; N ESTOR, 1966), are structures similar in character
to dissepiments.

The -formation of dissepiments in the stromatoporoids, probably took place identically,
as in the Recent Zoantharia (WELLS, 1969; OEKENTORP & SORAUF, 1970), that is, as a result of
an centrifugal and centripetal secretion of skeletal substance by the basal ectoderm vesicularly
bent upwards probably by the hydraulic action of a special fluid. Following such a secretion,
irregularly circular or angular pores, which only in the last growth stage are covered by skeletal
substance (WELLS, 1969, PI. 1, Figs. 2-6), may occur in the central part of not fully developed
dissepiments. In . the writer's opinion, some of the dissepiments in the representatives of the
genus Forolinia NESTOR (NESTOR, 1964, PI. 10, Figs. 1-5) or Labechia M. EDWARDS & HAlM
(GALLOWAY & ST. JEAN, 1961, PI. 7, Figs. 1-2), which have, in their central part, irregular

. pores, are underdeveloped dissepiments from which coenosarc withdrowed prior to the com­
pletion of secretion.

The fact of a general occurrence of dissepiments in the st romatoporoids is one of essential
features for assigning these fossils to the coelenterates.

Growth of vertical elements

The morphology and distribution of vertical elements depended on the degree of folding
of the basal ectoderm and distribution of calcification centers in the process of lifting the coeno­
sarc of a colony. In the case of a punctual secretion of skeletal substance pillars were formed,
whereas calcification centers distributed in ectoderm in the form of strands produced vertical,
walls. Since in vertical sections of the skeleton, pillars, and vertical walls look identically,
most authors erroneously called both types of vertical structures by the term "pillars", despite
the fact that in tangential sections it is very easy to distinguish irregularly meandering vertical
walls from isolated spots corresponding to transverse sections of pillars. A clear terminological,
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distinction of pillars from vertical walls is necessary on account of a considerable taxonomic
. significance of the two types of structures whose formation depended after all on different
types of the organization of coenosarc.

In individual genera, pillars and vertical walls display a considerable morphological
variability. Thus, for instance, straight cylindrical pillars occur in Simplexodictyon BOGOYAV­
LENSKAYA or, Stictostroma PARKS, more complex being the pillars of Anostylostroma PARKS
which branch in the upper part, while the most complex, tangled systems of pillars are recorded
in some Tienodictyon YABE & SUGIYAMA. An increase in the morphological complexity of pillars
in the last-named case was undoubtedly connected with an increasing degree of folding the
ectoderm (Text-fig. 9 Al-3)' In transverse sections, pillars are only rarely perfectly circular,
the most frequent ones being irregularly oval or even subangular (PI. XI, Figs. 3--4; PI. XII,
Fig. 1b). A similar morphological variability is displayed by vertical walls (PI. XXIII, Fig. 3b;
PI. XXIV, Fig. 1b-e; PI. XXVIII, Figs. 1c and 3; PI. XXIX, Fig. 1a-b). Vertical walls form long
meanders, usuaIly connected with each other (PI. IX, Figs. 1-2) but frequently they are in­
terrupted and form short, vermicularly twisted segments (PI. XXIV, Fig. I b) which sometimes
are so smaIl that they almost equal pillars (PI. IX, Fig. 5). Pillars and vertical waIls concur
in many species (e.g., Trupetostroma gebum (YAVORSKY), PI. XXXI, Fig. 2b).

What is known as denticles and villi (GALLOWAY, 1957), occurring on the upper surface
of dissepiments in Rosenella NICHOLSON, Stratodictyon WEBBY and some of Cystostroma
GALLOWAY & ST. JEAN are primitive pillars. Extremely thick pillars occur in some represen­
tatives of Labechia EDWARDS & HAlM, Actinostroma NICHOLSON and Syringostroma NICHOLSON
and similarly thick vertical walls are recorded in some of Hermatostroma NICHOLSON, Tru­
petostroma PARKS and Parallelopora BARGATZKY.

In the case of skeletons very irregular in structure (e. g., Stromatopora, s. s.), parts of
skeleton displaying vertical orientation, that is, corresponding to vertical walls, are termed
for the sake of distinction - coenostelae and corresponding horizontal segments - to distinguish
from ' laminae - coenostromae (BOGOYAVLENSKAYA, 1968; NESTOR, 1966a).

Vertical elements may be limited to one interlaminar space (PI. VII, Fig. 8) or to a space
delimited by two successive growth discontinuity surfaces (PI. VII, Fig. 6). In many cases, pillars
and vertical waIls also display a continuous growth over long stretches of coenosteum (PI. VIII,
Fig. 3). A vertical superposition of pillars or vertical walls which occur regardless of the presence
of distinct laminae or growth discontinuities (e. g., Hermatostroma porosum (LECOMPTE), PI. VIII,
Fig. 5 ; Trupetostroma pingue LECOMPTE, PI. XXIX, Fig. 1a) is a frequent phenomenon, The
superposition of skeletal elements of this type may be explained by a considerable stability
of calcification centers, which do not change their position in ectoderm in particular growth
cycles .

The ring pillars discussed above, which appear in some forms in addition to pillars and
vertical walls , should also be included among vertical skeletal elements. The ring-pillars display
the tendency to a vertical superposition in particular growth stages of the colony, forming th~s
systems of long tubes irregularly intersected by tabules and cyst plates. Such tubes, improperly
called piIlars, appear very early in the history of the stromatoporoids (e. g., the Ordovician
Cliefdenella etheridgei WEBBY; WEBBY, 1969, PI. 125, Figs. 1-5) providing evidence for a re­
latively rapid rate of the differentiation of coenosarc in some representatives of the Stroma­
toporoidea.

On the other hand, quite different is, in the present writer's opinion, the origin of short,
vertical tubes occurring in some of Cystostroma GALLOWAY & ST. JEAN (e.g. , C. estoniense
NESTOR; NESTOR, 1964, Text-fig. 1) and Aulacera PLUMMER (e.g., A. radiata GALLOWAY & ST.

3*
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JEAN ; GALLOWAY & ST. JEAN, 1961 , PI. 4, Fig . 1a). Similar, but considerably longer vertical
tubes occur in Stromatocerium HALL (e. g., S. rugosum HALL; GALLOWAY & ST. JEAN, 1961 ,
PI. 8, Fig. 2a) and Cystistroma ETHERIDGE; (e.g., C. donelli ETHERIDGE; W EBBY, 1969, PI. 123,
Figs. 1-5). In transver se section, these tubes are usually irre gularly pol ygonal , meandering
or even bilaterally and unequally, flatt ened in outline and onl y rarely circular. The skeletons
of stromatoporoids with vert ical tubes of thi s type a re composed exclu sively of thin d issepiments
with a varying degree of convexity. In contrast to the systems of tubes composed of superposed
ring-pillars, vertical tubes are always empty and without tabulae. Vertical tubes cannot be
(as ring-pillars are) traces left by coenosarcal st rands, becau se of th e lack of tabulae and of the
irregularly pol ygonal , outline of the tubes in tran sverse section. Attention is attract ed by th e
fact that in stromatoporoids, composed of strongly convex dissepiments, tubes a re rarer and
short, while in those, consisting of flat di ssepiments, th ey elongate and become more frequent.
Such an interdependence might be evidence th at vertica l tubes were modified dissepiments
which served as th e main supports for th e coenosa rc shift ing up wards, th at is, they played th e
role of pillars.

THE ORIGIN AND CHARACTER OF INTERSKELETAL SPACES

The interskeletal spaces were formed as a result of shifting the coenosarc by stages in
the process of growth, and consequently a colony might more rapidly rise over the substratum
with a simultaneous ly dec rea sed secretion of skeleta l substance. Despite reaching a considerable
degree of porosity skeletal st ructures were bound to maintain an appropriate mechanical
resistance.

The only stromatoporoids described so far whose coenosteum lacks interskeletal spaces
are some species of Lophiostroma NICHOLSON. Their thin, platy skeletons consist of a great
number of delicate lamellae undulated in more or less regular cones (e. g., L. schmidti NICHOLSON,
PI. VI , Fig. 6). The type of skeleta l st ructure, recorded in Lophiostroma, is among the mo st
primitive ones within the range of th e Stromatoporoidea.

Chambers, galleries, coenotubes, autotubes and astrorhizal can als may be distinguished
within interskeletal spaces.

The term "chamber" was used by GALLOWAY& ST. JEAN (1957) to designate closed spaces,
completely separated from each other which occur in skeletons of the fo rm s composed almost
entirely of dissepiments (= cyst plat es in GALLOWAY & ST. JEAN, I.e.).

This structure can be observed in species ~f th e genera Cystostroma GALLOWAY & ST.
JEAN, Labechia EOWAROS & HAlM, A ulacera PLUMMER, Pseudostylodicty on OZAKI, Cys tistroma
ETHERIDGE and other s. The formation of chambers was connected in th ese forms with blistering
of the ba sal ectoderm prior to the secretion of skeleta l su bstance, much the same as during th e
formation of dis sepiments in the Recent Zoanthari a (WELLS, 1969). Obviously, th en , with
such a manner of forming skeletal elements, soft pa rts of th e col on y never occurred in chambers.
Ident ically , that is, by th e blistering of basal ectoderm may, in th e prese nt writer 's opinion,
be explained th e formation of spherical spa ces which occur in th e skeletons of some species
o fClathrodictyon NICHOLSON& M URIE(e.g., C. vesiculosum NICHOLSON& M URIE), Ferestromato­
pora YAVORSKY (e. g. F. dubia (LECOMPTE) as well as in a ll species of Parallelostroma N ESTOR
(PI. X, Figs. 1-2). Irregularly lenticular inter skelet al spaces, sometimes intersected by thick,
continuous pillars, characteristic of the representati ves of Pachystylostroma N ESTOR (PI. VI ,
Figs .1-3) 'and some of Forolinia N ESTOR (e. g., F. pachyphylla (NICHOLSON), PI. VI , Fig. 5),
contained between skeletal elements and having th e nature of flattened , thick dissepiments,
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sho uld be also con sidered as chambers. Likewise, the some category of interskeletal spaces
includes irregular spaces closed by zig-zagging skeletal plates characteristic of the genera
Ecclimadictyon NESTOR and Plexodictyon N ESTOR (PI.VII , Fig s. I, 2 and 5). In all these case s,
the basal ectoderrn formed a compact sheet restin g on the surface of skeleton and devoid
of fold s or lobe s.

The formation of interskeletal spa ces of th e nature of galleries, coeno- and autotubes
is a symptom of the reorganization of coenosarc cons ist ing in a change in the system of shifting
soft parts of the colony in the process of growth . It is also a symptom of an increase in the degree
of penetration of coenosarc in the skeleton.

The term "galler ies" was suggested by GALLOWAY & ST. JEAN (I957) for designating inter­
laminar spaces intersected by p illars. The present writer suggests to extend this term also over
interlaminar spaces in which, meandering , shorter or longer vertica l walls are developed instead
of pillars. Coenotubes (NESTOR, 1966) is a name given to vermicular canals varying in thickness
which penetrate the skeleton of some of th e st roma toporoids, not displaying a definite spatia l
orientation . and usually intersected by dissepiments (cf. Stromatopora cooperi LECOMPTE,
PI. XIX , Figs. I and 2). Autotubes a re vertical canals in the form of tubes intersected by tabulae
(cf. Stromatopora divergens GALLOWAY& ST. JEAN, PI. XXI , Fig. I a-b) . The coeno- and auto­
tubes were described by so me authors under a common nam e of "pse udozooidal" or .zooidal
tubes" (N ICHOLSON, 1886b ; LECOMPTE, 1951, 1956 ; YAVORSKY, 1955; GALLOWAY, 1957).

In th e pre sent writer's opinion, ga ller ies, which in vert ica l section, are rectangular
(PI. XXXVI, Figs. 2a and 3), subrectangular (PI. XI , Fig. 4a ) and irregular (PI. X, Fig. 6)
in outline indicate th at th e position of the coenosarc was limited, in all stages of growth to the
mo st superficial zone of skeleton on which it rested in th e form of a slightly folded, compact
layer which onl y to a very sma ll extent contacted ga lleries (Text-fig. 9 AI)' A slight increase
in the degree of fold ing th e coenosarc, which led to the formation of a more complex system
of vert ical elements (branching of pillars and vert ica l walls), also increa sed slightly the extend
to which th e coenosa rc was sunk in th e skeleton and, con sequently, galleries became more
rounded (Tex t-fig. 9 A 2-3)' A con siderabl e percentage of stromatoporoids ha ve galleries which
in vert ical section are almost perfec tly circular in outline (PI. XIII, Figs. I a, c and d ; PI. XIV,
Figs . I c and 3 ; PI. XXIX, Fig. 1a). Th e formation of such galleries maybe explained by the
development of deep fold s in the principal layer of coenosarc. Th ese fold s filled the forming
galleries, took active part in th e precipitation of th e skeletal substa nce (Text-fig. 9 BI ) and were
resorbed at the moment when th e format ion of an overlaying lamina was started. The formation
of coenosarcal fold s was a tran sitional stage leading to an increase in the degree of penetration
of coenosarc deep into th e skeleto n, which resulted in the formation of coenosarcal strands
who se traces are now observed in th e form of foramina and ring-pillars occurring in laminae
(Toext-fig. 982- 3) ,

Co eno- and autotubes a re developed in many stromatoporo ids of the reticula I' group
(group " B", Table 3), th at is in th e representati ves of such genera as, Stromatopora GOLDFUSS
sensu N ESTOR, 1966a, Ac tinost romella N ESTOR, Syringostromella N ESTOR and Parallelopora
BARGATZKY. Th e skeletons of th ese stroma toporo ids usually have very poorly developed laminae
or even are devoid of them.

Most likely, the formation of coenotubes was connected with a gradual modification of
an initially flat coenosarc which consisted in th e formation , in the ba sal zone, of a system of
irregular fold s or short lobes which were sunk in th e skeleton deeper th an the rest of coenosarc.
In the process of growth of a colony, fold s and lobes were shifted upwards and their basal
ectoderm periodically secreted thin plates of the nature of dissepiments or tabulae. Coeno-
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tubes formed in the case of the occurrence in coenosarc of irregular fold s, which changed their
configuration in particular growth stages. Consequently, ver micula rly twi sted canals, intersected
by dis sepiments (e. g. in Stromatopora discoidea (LONSDALE), cf. MORI, 1968, PI. 19, Figs. 5 and 6)
are observed in vertical sections. In tangential section through the colony, canals are al so verm i­
cular or, less frequently circular in outline.

Autotubes were probably formed in the ca se of the occurrence in coenosarc of folds and
lobes which, in the process of growth of the colony, did not fo r a long time change their shape
and position and, therefore, their traces obser ved in skeleton, are "shaped like long, vertical
tubes intersected by tabulae (e.g., Actinostromella vaiverensis N ESTOR, cf. N ESTOR, 1966, PI. 15,
Figs. 5 and 6). .

In many species, coeno- and autotubes occur together within one coenosteum and interlace
each other (e. g., Syringostromella borealis (NI CHOLSON) ; cr. N ESTOR, 1966, PI. 17, Figs. 3 and 4).
In younger st romatoporo ids, th e tendency is clearly visible to turn coeno- in autotubes (e.g., Pa­
rallepora BARGATZKY, Salairella KHALFINA). This tendenc y expresses a morphological stabili­
zation of the coenosarc.

In the st romatoporoids in which laminae become reduced and replaced by dis sepiments
(e.g., Hermatostroma porosum (L ECOMPTE), PI. XXXIV, Fig. I a-b) , superposed galleries may be
considered as interskeletal spaces of the nature of coeno- and autotubes.

The concurrence of coeno- and autotubes and their frequent turning into each other
preclude the possibility of interpreting autotubes as zooidal tubes, as suggested by some of th e
authors (NESTOR, 1966, p . 43).

Astrorhizal canals, more or less den sely occu rring in many st romatoporo ids, should
be also considered as interskeletal spaces . The morphology and the way of distribution of
astrorhizae in coenostea all ow one to presume th at th en make up traces of foreign organism s
associated at their life time with st ro ma toporoids . Such an interpretation of astrorhizae has
been presented elsewhere (KAZMIERCZAK, 1969) and co nfirmed by almost ident ica l conclusions
of JORDAN (1969) who, on the ba sis of a morphological simi larity of ast rorhizae to boring
trace-fossil Clionolith es radicans C LARK, considered th e as t rorh iza l st ructures as an effect
of the activity of parasites. De spite the fact that the two authors' interpretat ions do not explain
in detail the biological ch aracte r of possible sym bio nts of st romatoporoids, they allow one,
however, to exclude astrorhizae from diagnostic ch aracters in taxonomic stud ies on thi s group.
KAZMlERCZAK ( I.c.) and JORDAN (I.c.) also attracted atte ntion to the fact that frequent changes
in skeleton in the region of superposed astrorhizae, occurring in the form of vertical , thickened
zones most frequ ently call ed .astrorhizal columns" (GALLOWAY& ST. JEAN, 1957 ; GALLOWAY,
1957) were probably a result of a st romatopo ro id's response to the infestation by a foreign
organism . Astrorhizal columns a re frequently visible on the surface of coenosteum as more
or less prominent mamelons. U nde r such circumstances, the genera Styloporella and Flexio­
stroma, separated by KHALFINA (1956, 1960) mostly on the ba sis of astrorhizal col umns, are
thus rather problematic. "

A manner of connecting astrorhizal canal s with ske leta l ti ssue a llows one for certain
conclusions concerning the position of coenosarc in re lat ion to skeleton during the growth
of the colony. Astrorhizal canals may either be freely connected with inter skeletal spaces, or
separated from them by the skeletal subs tance (intergrated and separated types of astrorhizae,
KAZMIERCZAK, 1969). Canals of the intergrated typ e' are usually considerable thinner than
those ~f the separated type . If we ass ume that th e astrorhizal symbion ts of st romatop oroids
were connected with coenosarc of the ho st , th e thickness of astrorhizal canals is an index of

>" the thickness of co enosar c and th e manner of connecting astrorhizae with skeleton determines
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an extent to which coenosarc was sunk in skeleton. Thus, the persence of small astrorhizae
of the integrated type might be an evidence of a thin layer coenosarc and its limited contact
with skeleton. On the other hand, the presence of bigger astrorhizae of separated type might
be indicative for a thicker layer of coenosarc to a considerable extent sunk in skeleton (KAiMIER­
CZAK, 1969). Dissepiments and tabulae, occurring in astrorhizal canals, were probably deposited
by the basal zone of coenosarc which, during growth, of the colony, shifted upwards together
with symbionts.

THE MICROSTRUcrURE OF THE STROMATOPOROIDEA

General remarks. - The microstructure of the Stromatoporoidea denotes a microscopic
appearance of the skeletal tissue, which forms structural elements of coenosteum such as,
laminae, pillars, vertical walls , dissepiments, cysts and tabulae. It follows from comparative
studies on the stromatoporoids, ranging from the Middle Ordovician to the Upper Devonian,
conducted by the present writer, that tracing an accurate boundary between their microstructural
and structural element') is in many cases impossible , because of frequently observed turning
into each other, depending on a stage in the morphological development. NICHOLSON (1886b),
HEINRICH (1914), GALLOWAY (1957), ST. JEAN (1960, 1967), STEARN (l966b) and others found
that , of all morphological elements of stromatoporoids, microstructure was to the smallest
extent, subject to changes caused by environmental factors. Consequently they emphasized
its fundamental importance to taxonomic studies, frequently neglected by many authors. The
observation of microstructural changes, which occur in the process of evolution of the stroma­
toporoids, allows one to conclude on the morphogenesis and phylogeny of thi s group. The
interest in microstructures of stromatoporo ids dates from the time when the method of thin
sections (ROSEN, 1867; NICHOLSON, 1886-1892) was introduced to the studies on these fossils.
Up to now, a considerable amount of factual materials has been collected (PARKS, 1936; LE­
COMPTE, 1951-1952; GALLOWAY, 1957; ST. JEAN, 1960, 1962, 1967; STEARN, 1966b ; SLEUMER,
1969 and others). The interpretation of these materials is, however, controversial.

In contradistinction to descriptive classifications of the microstructures of the Stroma­
toporoidea, used so far , a genetic classification, here suggested by the writer, is based on the
comparison with microstructures which occur in other, Recent and fossil , coelenterates, parti­
cularly the Anthozoa. This cla ssification also takes into account changes undergone by some
of the microstructures during the evolution of the Stromatoporoidea.

TYPES OF MICROSTRUcrURES

Three types of microstructure: I. fibro-normal , 2. trabecular and 3. reticular occur in .
the Palaeozoic stromatoporoids. Each of the type of microstructure mentioned above may,
in the case of a poor sta te of preservation of coenosteum, occur in a more or less changed, most
frequently amorphous, form. Fibro-normal and trabecular microstructures are well known
and described in both Recent and fossil Anthozoa, whereas the reticular type occurs in stro-
matoporoids only. .

1. Fibro-normal microstructure

The term .fibro-normal" is here adopted after KATO (1963, 1968) who used it for deter­
mining the microstructure of skeletal elements in the Anthozoa, formed as a result of a uni­
or bilateral deposition of microcrystallites of CaC03 by a flat or slightly convex layer of a ske-
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letotrophic ectode rm. The fibro-normal structure is pr ima rily obse rved in ho rizontal ske leta l
elements of corals such as, di ssepiments and tabulae (unilatera l deposition) and so metimes
in vertical ones such as, septa and columellae (bilate ra l deposition). A fibro-normal micro­
structure is marked by a "norma l" , that is, per pendicular orienta t ion of long axes of micro­
crystallites in relation to the secretive surface of ecto derm (BRYAN & HILL 1941 ; KATO, 1963 ;
WAINWRIGHT, 1963). The last-named character, ena bles - in the case of fo ssil forms - a re­
construction of th e situation of ectoderm in relation to skeleton (Tex t-fig. 17). A fibro-lamellar
microstructure makes up a modificat ion of a fibr o-norm al one ( KATO, 1963, 1968). It is formed
as a result of a multiple superposit ion of single layers composed of microcrystallites (mult iple
deposition) and hence parallel growth lines are observed in a microscopic image. KATO pointed
out that a lamellar type of microstructure, distin gui shed by ALLOITEAU (1957) in Scleractinia
was only a modification of th e fibro-normal microstructure. Within the ra nge of the Stromat o­
poroidea, th e formation of the fibro-normal microstructu re depends on th e now obser ved
character of the morphology of coenosteum resulting fro m a uni -, bi- and a lso multilateral
deposition. In several genera the entire skeletal t issue is composed of th e fibro-normal micro­
st ructure only.

Fibro-normal microstructure of skeleto n is characte ristic of th e oldest known stro ma to­
poroids, among them, the Middle and U ppe r Ordovician Cys tostroma GALLOWAY & ST. JEAN,
Aulacera PLUMM ER, Stromatocerium HALL and Pseudostylodictyon OZAKI. The representat ives
of these genera have coenostea composed of very thin calc areous plates more or less of the nature
of convex cysts which d isplay the tendency to form equa lly thin-walled vertica l elements
(Pseudosty lodictyon) , th ese plate s are result of a local steep bend of cysts and a re sometimes
connected with each other to form long vertica l tubes ( S tromatocerium ) , A sma ll thickness
of the cysts (0'025 to 0·05 mm) might ind icate th at th ey were formed as an effect of a single
deposition , after which th e coenosarc was shifted to a highe r level. A darker line, sometimes
preserved at the base of cysts, is indicati ve of a unil at eral depositi on of skeletal substa nce, pro­
bably analogous to the formation of dissepiments in the Recent corals (WELLS, 1969). The micro­
st ructure of th e genera mention ed above ha s so far been det ermined as "co mpact" (G ALLOWAY,
1957; GALLOWAY & ST. JEAN, 1961) or as a "dark line of specks" (STEARN, 1966b). In addition ,
some of the authors (e.g. , NICHOLSON, 1886b ; GALLOWAY & ST. JEAN, 1961; N ESTOR, 1964)
considered accumulations of mineral substa nce occurring on th e bottom side of cysts and
darker than calcite which filled skeleton, as origina l elements re inforcing delic at e cysts. Th e
writer agrees with STEARN (1966b) who expressed the suppos it ion th at thi s substance was con­
centrated in th e skeleton seconda rily and resulted from th e process of preser vati on.

The fibro-normal character of th e skeleta l tissue is considerabl y more distinct in the
representa tives of the genera which are undoubtedly related to th ose ment ion ed above and in
which a conspicuous thickenning of skeleta l elements took place, along with a strong de­
velopment of pillars. Rosenella NICHOLSON, Pachystylostroma NESTOR, Labechia M . EDWARDS&
HAlM, as well as some of the species of Forolinia NESTOR (PI. VJ, Figs. 1-6 ; Text-fig. 12) may
serve as examples in thi s respect. In the horizontal elements of these genera, there took place
a superpos it ion of several growth layers, much th e same as in vert ica l ones, in which , following
an upward bend of a fold of ectoderm, particular layers are, however , of the nature of cones
supe rposed on each other (PI. VI , Fig . 4). In the represent ati ves of the genera metnioned above,
as well as in Lophiostroma NICHOLSON (PI. VI , Fig. 6), success ive growth strands of the skeleton
are much better visible th an microcrystallites and th e skeleta l tissue is most frequently of the
fibro-lamellar type.
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A skeleta l tissue with the fibro-normal microstructure forms coenostea of the represen­
tatives of a lineage which includes the following genera: Clathrodictyon NICHOLSON & MURIE,
Simplexodictyon BOGOYAVLENSKAYA, Anostylostroma PARKS, Tienodietyon YABE & SUGIYAMA
and Pseudostromatoporella n. gen. These fo rm s are probably direct de scendants of the Ordovician
Cystostrom a (cf. al so G ALLOWAY, 1957 ; N ESTOR, 1966). Their relatively thick laminae were
probably formed by a unilateral deposition of a flatl y spread ectoderm, whereas pillars were
formed punctually and multilaterally by a st rongly conically bent folds of ectoderm (Text­
fig. 9 A1_1) which caused microcrystallites to be oriented vert ica lly and radially to the axi s of
pillars. Describing the microstructure of the genera Clathrodictyon , Anostylostroma and Tie­
nodietyon, mo st authors determine it as "compact" or " t ransversely fibrous, the latter type being
considered by th em as most likely to be secondary and developed in the process of recrystallization
(STEARN, 1966b ; SLEUMER, 1969). In the wri te r 's opinion , such a standpoint is erroneous, since
the fibrosity of th e skeleta l ti ssue of the representatives of, for instance, Anostylo stronia (ST. J EAN,
1960) or Tienodictyon (YABE & SUGIYAMA, 1941; STEARN, 1966b, 1969) is a constant ch aracter
ind ependent of th e type of deposit in which the specimens described , frequently coming from
areas very distant geographically from each other were found.

T he fibro-norma l mic rostructure is o bserved in dissepiments and tabulae , commonly
occurring in grea ter or smaller amo unts in almost a ll gen era of st romatopo ro ids regardless
of th e microstructural cha racter of a ll other skeleta l elements.

2. Trabecular microstructure

The tr abecula is a nam e gene ra lly used to determine (BRYAN & HILL, 194 I ; WELLS, 1956;
KATO, 1963) a cylindrical skeleta l element which displays in transverse sect ion radially arranged
fiber s (microcrystallites). In longitudinal , ax ia l sect ion, the arrangement of fibers is pinnate
and th ey run from th e middle of t rabecula (calcification center) outwards, as well as upwards.
The mechani sm of forming trabeculae is in principle the sa me as in the case of skeletal elements
with fibr o-normal microstructure, with the onl y diffe rence that , in trabeculae, the ba sal ectoderm,
which deposit s them, was folded differently, probably forming additional invaginations within
th e principal fold (K ATO, 1963, Te xt-fig. 14 , 13). In the Anthozoa, trabeculae are connected
with each other , forming sets with different spat ial arrangements and are components which
fo rm ver t ica l elements of corallum, mostly septa.

In st ro ma to po ro ids , the trabecular microstructure appea rs later than th e fibro-norma l
one and probabl y makes up , in a ll known ca ses of its occurrence, a final stage in a gradual
tran sformation of the initi al microreticular tissue. Much the same as in corals, the trabecular
st ructure in st ro mato po ro ids is di splayed only by the vert ica l elements of skeleton , that is,
pillars and vert ica l wall s.

Pillars, composed of sing le trabeculae , occur in Neosyringostroma Iogansportense
(GALLOWAY& ST. JEAN) (PI. XXXU, Figs. I a and I e), in which laminae ha ve preserved a con­
spicuous ly reticular microstructure. Pillars in some of the species of A ctinostroma NI CHOLSON
in which darker spots of calcific ation center s are usually visible in tangential and , less frequnetly ,
vert ica l sect ions, arc single trabecul ae , usuall y poorly preserved. Pillars and vertical wall s in
Pseudoa ctinodictyon juxi E. FLOGEL (PI. XXIX, Figs. 2a and 2e), as well as less visible vertical
wall s in ?Pseudoaetinodietyo n dartington ense (CARTER) (PI. XXVIII, Fig. I a, b) are al so composed
of distinct t rabecul ae.

" Inco mplete" trabeculae a re, in th e writer's opinion , pinnate pillars in some of the species
of Vikingia BOGOYAVLENSKAYA such as, V. vik ingi (NESTOR), V. tenue (NESTOR), and V. podolica
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BOGOYAVLENSKAYA (N EsToR, 1966; BOGOYAVLENSKAYA, 1969a). In pillars of these species,
particular fibers are arranged more loosely than in typical trabeculae. Such a microstructure
might represent a transitional stage in the process of "t rabecularization" of vertica l elements
of the Pseudolabechia YABE& SUGlYAMA - Vik ingia lineage (Text-fig. 15b-c). Fibers, arranged
in a similarly spray-like manner, but even more loosely than, in Vikingia , occur within the re­
ticular skeleta l tissue in the pillars of some of Syringostroma NICHOLSON (e.g. , S. densum
NICHOLSON). It is also in thi s case that trabeculae were formed by a further condensation of
the microreticulum (Text-fig. 19b-c).

Among trabeculae which occur in the stromatoporoids, the same as in corals, there occur
simple trabeculae with a single centrally situated calcification center (e. g., Neosyringostroma
n. gen.) , as well as compound trabeculae with several calcification centers (e.g. , Pseudoacti­
nodictyon and some of the species of Actinostroma). In the cases' in which trabeculae form ver­
tical walls, their arrangement may be simila r to that of septa in corals (WELLS, 1956, KATO,
1963), that is in a un i- or multiserial manner.

Mo st authors call trabecular microstructure in stromatoporo ids "feather structure"
or "water jet microstructure" (STEARN, 1966b) interpreting them as secondary ones, formed
in the process of preservation. The "water jet microstructure" have been described by STEARN
(1961, 1962) in ?Taleastroma confertum STEARN, Syringostroma bifurcum STEARN and Trupe­
tostroma pycnostylotum STEARN. In the present writer's opinion, the microstructure of pillars
in these species is fit for assigning it to the trabecular group.

Hard problems in the identification of trabeculae are po sed not onl y in the case of a poor
state of preservation. In identifying trabeculae in thin sections, a considerable importance
should be attached to the thickness of section and a proper orientation of a section through
the trabecula. In longitudinal section of trabeculae which do not run exactly along the axis
of trabecula, the pinnate a rrangement of fiber s is indistinct and usually even invisible at all
(KATo,1963, Text-fig. 2). The trabecular microstructure mu st not be confused with recrystallizing
cleavage patterns, which, arranging linearly the calcite mo saic into interskeletal spaces, also
intersect skeletal elements and form pinnate systems with straight strands intersecting each
other, but in all cases con siderably thicker than trabecular fibers.

The trabecular microstructure in the Anthozoa displays an evolutionary tendency to
pass into a fibro-norrnal microstructure (KATO, 1963). No such tendency is recorded in the
Paleozoic Stromatoporoidea. It is not unlikely, however, that the lack of trabeculae and a com­
mon occurrence offibro-normal microstructure (STEINER, 1932, HUDSON, 1958), in the Mesozoic
Sphaeractinoidea, related to the stromatoporoids, was connected with such an evolutionary
process.

3. Reticular microstructure and its derivatives

Among the coelenterates, the reticular microstructure occurs only in the Paleozoic Stro­
matoporoidea. In contrast to the fibro-normal and trabecular microstructures, thi s type is not
exactly a microstructure as understood literally but should be rather assigned to a meso structural
category. As shown below , the reticular microstructure originated from primary structural
elements of skeleton. In the development of some of the stromatoporoidal lineages, a secondary
transformation is ob served of the reticular microstructure in structura l elements of coenosteum.
On the basis of the material studied which comes from the Ordovician, Silurian and Devonian
of the U. S. S. R. and Devonian of the U. S. A. and Poland, as well as from the literature,
the present writer attempts to reconstruct the history of the reticular microstructure and to
discuss changes it underwent in various stromatoporoid lineages.
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The appearance, in the Ordovician, of a group of st romatoporoids with coenostea com­
posed of a very dense, uniform reticulum, that is, forms with a reticular structure, was a starting
mo ment of the formation of reticular microstructure. Pa rt icula r representatives of this group
display a considerable differentiation in den sity and manner of a spatial arrangement of fibers
of the reticulum. Such representatives of the genus Plumatalinia NESTOR: as P. ferax NESTOR
1964 from the Upper Ordovician (Pirgu horizon) of Estonia an d P. densa MORI, 1968 from
the Wenlockian (Visby Beds) of the Island of Gotland , whose skeletons are formed by an
almost homo genou s, randomly arranged reticulum, may here be named as examples. A similar
structure of ske leton, but with .t he ten dency to a horizontal arrangement of the fibers. : is
displayed by specimens of "C1athrodictyon" delicatulum N ESTOR, known from theUppei'
Ordovician through Middle Silur ian of Estonia an d the Island of Gotlan d (NESTOR, 1964,
PI. 18, F ig. 4 ; PI. 21, Fig . 6 ; MORI, 1968, PI. 5, Figs. I an d 2). Th e fine-reticular structure of
skeleton, ten ding arrange reticular fiber s into d ist inct vertica l an d horizontal elements, is also
recorded in th e forms jointly assigne d to th e gen us Densastroma E. FLVGEL and a bo und ing
in the Lower and Middl e Silurian of Esto nia, Pod olia and th e Island of G otl and (YAVORSKY,
1929; RIABININ, 1951, 1953 ; Nj:STOR, 1966 ; MORI, 1968). It should be emphas ized th at the
oldest of the forms assigned to Densastroma (e. g., .Densastroma" cf. pexisuni (Y1VORSKY),
cf. RIABININ, 1953, PI. I , Fig. I ) and have a decidedly den ser an d more irregular ske letal
reticulum than that in later forms . Stromatoporoids with fine-reticular skeletons probably
appeared considerably earlier than the form described so far. A considerable similarity to the
fine-reticular coenostea of the stromatoporo ids mentioned above which , however, have stilI
finer and more densely distributed fibers , is di splayed by the Ordovician problematic fossils,
mostly described as algal structures (e. g. , Cryptozoon HALL, cr. JOHNSON & H0 EG, 196 1, PI.
31, Fig . I ; BIRKHEAD, 1967, PI. 5, Figs. 1-4) an d frequen t ly occ urring along with the
stromatoporoids of the group Labechiidae.

Skeletons with the fine-reticular structure were proba bly secreted, the same
as in the group of stromatoporoids with lamelIar skeletal elements (e. g. Cystostroma
GALLOWAY & ST. JEAN, Lophiostronia NICHOLSON), by a layer of basa l ectode rm. T he
on ly d ifference was that these skeletons were deposited not in the form of compact
aggregates of microcrystalIites, but as punctua lIy secreted fibers with a fai rly irregular
spatia l orienta tion .

T he reticular struct ure s became microstructu ral elements of ske leton at th e moment of
either the beginn ing of a zona l different iat ion of an init ially uni form reticulum, or of th e
form ati on of interskeletal spaces (e.g. , ga lIeries) , th at is, d ivision of the reticulum int o
systems of laminae an d pillars. This process was undo ubtedly connected wit h the reorgani­
zat ion of coe nosarc, which led to an increase in the degree of its fo lding and, at the same
time, with ap propriate mo difications in the ca licoblastic zone of ectoderrn. T he formation of
ga lIeries, in the dense reticular skeletal tissue , simultaneously incl uded for ms whieh displayed
a considerable d ifferentiat ion in the density and degree of arrangement of the reti culum.
T his is confi rme d by a variable character of the reticular microstructure observed in skeleta l
elements, which surround galIeries in the oldest representatives of this microstructural group .
In the oldest representatives of the gen us Stromatopora GOLDFUSS (e. g. , S. impexa N ESTOR,
S. discoidea (LONSDALE), the microreticulum occurring in skeleta l elements is very dense an d
irregular, while in the concurrent Parallelostroma N ESTOR (e. g., P . typicum (ROSEN), P. tuber­
culatum (YAVORSKY), P. ma/inovzyensis (RIABININ), it is considera bly looser and arranged in
a fa irly, regular latt ice (PI. X, F igs. I and 2). The skeletons of the representat ives of
Actinostromella BOEHNKE (e.g. A . vaiverensis N ESTOR, cr. PI. VIII, Fig. I) an d of the closely
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related genus Syrlngostrontella NESTOR (e.g., S. borea lis (NICHOLSON), PI. VIII , Fig. 2) are
composed of a loo se and irr egul ar microreticulum.

PARKS (1936) found th at th e reticular micro structure is simi la r to th e reticular st ructure
occurring in Actinostroma NI CHOLSON but expressed on a considerably sma ller scale. Hi s
finding is confirmed by th e fact that Actinostroma was evo lved fro m fine-ret icular Densastronia
as a result of th e redu ction and thi cken ning of th e fibers of p rimary den se ret iculum (PI. XLI,
Fig s. 1-6).

The reticular microstructure a lso becomes gradua lly modified with th e progressing de­
velopment of th e st ructu ra l elements of coenosteum. These modifications va ry in character
depending on the evolut ion ary trends in the morphology of stru ctura l elements of skeletons
which mo stly tend to develop pillars and vert ical walls and reduce laminae (Ta ble 3, group "B").

The following tw o processes may be distingui shed in the course of changes undergone
by the microreticulum :

a) a condensation of fiber s leading to a pa rti al o r complete homogenization and atrophy
of microreticulum and b) a reduction of fiber s resulting in a st ro ng loosening of microreticulum
with a simultaneous, considerable swelling of th e rest of fiber s. .

a) Examples of the condensation and homogenization of microreticulum

The progressive condensation of microret iculum in ske leta l eleme nts is clearl y obser vabl e
in a lineage which lead s from th e Silu rian representati ves of Actinostromella BOEH NKE an d
Syringostromella N ESTOR, through th e Lower and M iddl e Devon ian Parallelopora BARGATZKY
and some of the S tromatopora GOLDFUSS, up to th e Middle and Upper D evonian Syringostronia
NICHOLSON and Neosyringostroma n. gen . (Text-fig. 18 ; PI. VIII , Figs. 1-3). The representatives
of these gene ra are ma rked by a st rong development of vertica l elements of the skeleton with
poorly de velop ed , or frequen tly even reduced laminae. Of particular int erest is the tran sformation
of a very st ro ngly condensed microreticulum in th e pillars of some of th e Syringostroma
(e. g. , S. densunt NICHOLSON) int o trabecul ae which occur in Neosyringostroma (e.g. , N. 10­
gansportense GALLOWAY & ST. JEAN). The process of " trabeeula rizat ion" of th e condensed
microreticulum was usually preceded by th e appearance, with in microreticulum, of thicker,
fiber s arranged in a spray like manner which sho uld be interpreted as incipiences of a pinnate
system of later mic rocrystallites in trabecul ae (Te xt-fig . 12 e). U sually, after microreticula ha ving
been transformed , in pillars, trabecul ae, lamina e co nti nued to preser ve th eir reticular
microstructure (Text-fig. 19c).

A consp icuously progressing conden sati on of mic roreticulum, lead ing to its strong
homogenizati on , a lso occurs in th e development of S tromatopora (Text-fig. 10 Bl - 3 ) . Th e
Silurian speci es of thi s genus differ from th e M iddle and Upper Devonian ones in more loo sely
distributed fibre s of microreticulum which , in th e last-named, is usually so st rongly condensed
that its meshes in the form of sma ll, round or subangula r light-colored spots onl y (= " maculae
with clear centers" in G ALLOWAY, 1957; ST. JEAN, 1967; "q:llules" in LEcoMPTE, 1951-1952,
1956; STEARN, 1966b) are visi ble within a slightly darker skeleta l substance (PI. IX, Fig. I;
PI. XX, Fig. I d). In other species of Stromatopora, microreticular fiber s fuse together to form
a compact ma ss of skeleta l substance, in which only da rker dots of calcification centers of
particular fiber s (= "da rk dot s" in NI CHOLSON, . 1886 ; " maculae without clear centers" in
GALLOWAY, 1957; ST. JEAN, 1967; " melanosphe res" in STEARN, 1965b), giving a granular
con sistence to the skeleta l tissue, occur as a rema ins of an original reticulum.

An ad van ced stage of homogeni zat ion of th e microreti cular tissue is reco rded in the
representatives of th e genus Taleastroma GALLOWAY, which is proba bly a direct descendent
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of Stromatopora. As a result of a continued homogenization of the skeleton and reduction
in the number of calcification centers, progressing from the central part of skeleta l elements,
the traces of microreticulum are pre served in Taleastroma only in the peripheral zone of laminae
and pillars, as well as , sometimes, in the form of small vacuoles irregularly scattered within
the homogenous skeletal substance (Text-fig. 10B3) .
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Fig. 10
Exemplary condensation and homogenizat ion of microreticular tissue in structural elements of the stromatoporoids
of morphological group ,,8" : A - a lineage (see Lineage VI, p. 65) represented by the genera : 1 Parallelopora B AR­

GATZKY, 2 Trupetostroma P ARKS, 3 Hermatost roma N ICHOLSON; B - a lineage (see Lineage VII, p. 67) represented by

the genera : 1-2 S tromatopora G OLDFUSS, 3 Taleastroma G ALLOWAY

The thickening and condensation of microreticular fibers in forms, ha ving their skeletal
tissue of the type ofParallelostroma BARGATZKY, probably resulted in the formation of the genus
Trupetostroma PARKS with an almost completely homogenous microstructure and with the re­
mains of microreticulum in the form of vacuoles, mostl y concentrated in the peripheral zone
of skeletal elements (PI. VIII, Fig . 5 ; Text-fig. lOA 2) . As a result of further homogenization,
Trupeto stroma probably evolved into Hermatostroma NICHOLSON ha ving vestigia lly preserved
peripheral vacuoles or vesicles covered with thin membrane s (PI. VIII, Fig. 6; Text-fig. lOA3) .

A con siderably condensed microreticular tissue occurs in the representatives of Gerro­
nostroma YAVORSKY, Stictostroma PARKS and Stromatoporella NICHOLSON (PI. XI , Figs. 2-4;
PI. XVI , Figs . 1-3 ; PI. XVIII, Fig. I). Since skeletal elements, in particular laminae are in
these forms relatively thin , the reticular character of the microstructure is frequently invisible
in the case of a strong recrystallization. Likewise, th ese forms may be so strongly homogenized
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that only dark spots of calcification centers, more numerous in laminae and less in pillars and
vertical walls (PI. XVII, .F igs. I c-e), are visible within ~ homogenous skeletal substance. In thin
laminae of some of the species of Stictostroma (e.g. , S. mamilliferum GALLOWAY & ST. JEAN,
cf. STEARN, 1966b, PI. 16, Fig. 4) or Gerronostroma (e.g., G. elegans YAVORSKY, cf. STEARN,
1966b, PI. 16, Fig. 6), an only single row of microreticular meshes is visible in vertical section.
The microstructure of this type has mostly been termed as "ordinicellular tissue" (STEARN,
1966b; SLEUMER, 1969). On the other hand, in some of the Stromatoporella (e.g. , S. tyrganensis
YAVORSKY, cf. PI. XI, Fig. 2; S. granulata NICHOLSON, cf. STEARN 1966b, PI. IS, Figs. 6 and 8;
SLEUMER, 1968, Fig. IS), the condensed microstructure is multi-lamellar with meshes arranged
in horizontal rows ("microlaminate tissue" in SLEUMER, 1969). In some of the Stictostroma
and Stromatoporella, having laminae composed of a single layer of a condensed microreticulum
with thickened and vertically arranged fibers, laminae in vertical section give an impression
of being transversely porous (GALLOWAY, 1957; ST. JEAN, 1960; STEARN, 1966b). These "pores"
have also been termed "transversemicrotubules" (ST. JEAN, 1960, 1962). .

The condensation and subsequently homogenization of the microreticular tissue was
undoubtedly connected with a change in the mechanism of calcification, i. e. , reorganization
of the calicoblastic zone of basal ectoderm. This process resulted in a gradual decrease in the
number of calcification centers with a simultaneous considerable increase in the amount of
mineral substance deposited around each of the centers. This might supply evidence that the
secretive yield of ectoderm did not decreased at all, but, on the contrary, was increased. Con­
sequently, many of the Middle and Upper Devonian stromatoporoids, whose ancestors had
microreticular, frequently very irregular, skeletal elements, display pillars with a single calci­
fication center, which, in the process of the growth of coenosteum, may continue over very
long stretches. Thus, skeletons regular structurally (long, continuous and or superposed pillars
and vertical walls) are formed in this way. .

STEARN (1966b) believed that a. condensed microreticular tissue (named by him partially
"cellular" and partially "melanospheric") was formed as a result of secondary recrystallization
processes, which led .to the obliteration on the boundaries between cellules and to the formation
of dark-coloured melanospheres. These melanospheres, in his opinion, were formed in the
process of translocating the skeletal substance rather unclearly presented by him. A standpoint
much closer to the present writer's views, is taken by ST. JEAN (1967, p. 442), who, despite
being inclined to consider the condensed microreticulate tissue (named by him "maculate")
as syn- or postdiagenetic one, does not preclude the possibility that a reticulate and maculate
tissue are closely related biologically and, consequently, that the maculate tissue is evolutionally
derived from the reticulate one.

b) Examples of the reduction of microreticulum

In some of the lineages of the Stromatoporoidea, a distinct tendency is observed to a gradual
reduction of fibers of the primary microreticulum up to the formation of loose but thickened
skeletal elements. The same as in the case of condensation and homogenization, the aim of
reduction of a microreticulum was , in the present writer's opinion, a decrease in the number of
calcification centers with a simultaneous thickening of fibers which remained in the skeleton.

The reduction primarily included the microreticulum which formed vertical elements
of skeleton, that is, pillars, vertical walls and, to a smaller extent, laminae. Some of the species
of Actinostroma NICHOLSON such as, A. verrucosum (GOLDFUSS), A. mamontovi YAVORSKY
(PI. IX, Fig. 6; Pi. XI, Fig. 5) or A. stellulatum NICHOLSON (PI. xxxvn, Fig. 3a-b), which in
.the present writer's opinion evolved from forms related to the Silurian Parallelostroma NESTOR
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by a progressing reduction in the amount offibers, at first including only pillars and subsequently
also laminae, may serve as examples of such a selective reduction in the microreticular tissue.
This lineage terminates in A. stellulatum in which pillars are already composed of a single,
strongly thickened fiber with one or few calcification centers and in which laminae, intersecting
pillars, are formed by a very thin layer of a loose reticular tissue (Text-fig. 16Bl - a).

The tendency to loosening the microreticulum is also marked in some of the species
of the genus Ferestromatopora YAVORSKY in which, in addition to species with thick skeletal
elements formed of a relatively dense microreticulum (e.g., F. dubia (LECOMPTE), cf. PI. XXVII,
Fig. I a-c], there also occur species with coenostea consisting of thinner elements with a very
loose microreticulum (e. g., F. cellulosa (LECOMPTE), cf. PI. XXV, Fig. I a-b; ' F. parksi STEARN,

cf. PI. XXIII, Fig. 3a; F. uchtensis (RIABININ), cf. PI. XXIV, Fig. I a-c). The last-named species
might, through a continued reduction of microreticular fibers , probably evolve into forms with
vertical walls composed of single fibers and very thin laminae in the form of a loosened reticulum.
These forms are assigned to the genus Atelodictyon LE COMPTE (e. g., A. trautscholdi (RIABlNIN),

A. pseudocolumnare (RIABININ) , A .fallax LE COMPTE, cf. PI. X, Fig. 6; PI. XXXVI, Figs. I and 2).
A partly reduced microreticular tissue is also observed in many species whose generic

assignment has not so far been settled to any degree of certainty. These are, for instance,
.Trupetostrorna" spatiosum YAVORSKY (PI. IX, Fig. 5; PI. X, Fig. 4) and .Stromatopora"
pellucida YAVORSKY (PI. XI, Fig. I).

The reduction of microreticular tissue was now and then started with the formation,
in the axis of vertical element of the skeleton, of conspicuously thicker single fibers which
subsequently became thicker and a fine reticulum, surrounding them, gradually disappeared
(e. g., .Jiermatostroma episcopale" var. talovensis YAVORSKY, cf. PI. X, Fig. 3).

INTERPRETATION OF THE MORPHOGENESIS OF THE
STROMATOPOROIDEA

General remarks. - The development of skeleton in the stromatoporoids was primarily
related with obtaining a strong adherence of the colony to the substratum which assured pro­
tection against strong currents and waving. At the same time, the formation of skeleton enabled
uplift of the colony above the bottom and, consequently, assured better respiration and feeding
conditions, as well as a protection against covering by deposit under the conditions of a rapid
sedimentation. On the other hand, the morphology of skeletons does not reveal the possibility
that individuals of the colony might find shelter in them. Hence the conclusion that the protective
function of stromatoporoid skeletons was, in contradistinction to the skeletons of other inver­
tebrates, rather insignificant. The development of their own substrata by the growing colonies
of the stromatoporoids made them independent to a considerable extent of the character of
the bottom and, at the same time, gave the possibility of a conspicuous increase in the size of
colonies and of settling the zones of basin marked by stronger hydrodynamic activity.

Determining the character of the oldest, ancestral skeletal structure and first trends in
their morphological differentiation is a fundamental problem in the interpretation of the morpho­
genesis of stromatoporoids. The development of the first skeletons in stromatoporoids was
bound to be preceded by obtaining the capability of an extracellular secretion of a' calcifiable
organic matrix whose presence was an indispensable condition of the initiation of all biomi­
neralization processes (GLIMCHER 1960; Moss, 1968; NEEDHAM, 1964). The organic matrix
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consists of an organized phase, mostly in the form of a system of fibers and an unorganized
phase, which usually makes up a viscous, highly hydrated, polyanionic colloid (Moss, 1964).
A final form of the calcified tissue is always determined by the character of the organic matrix,
in which the ratio of the two phases mentioned above is usually variable. It follows from hi­
stochemical studies, conducted on Recent Scleractinia (WAINWRIGHT, 1963), that the spatial
orientation of chitinous fibers, making up a fundamental component of the organic matrix
in Pocillopora damicornis (L.), exerts a decisive influence on the spatial orientation, size and
density of arrangement of the aragonite microcrystallites precipitated.

As results from the observations of the oldest stromatoporoids, the first stages of the
process of skeletogenesis were not uniform in character, most likely due to a different organi­
zation of the calcifiable matrix. In connection with a variable composition of the organic
matrix, secreted by the basal ectoderm of primitive, naked colonies, there were formed the
first skeletal tissues in the stromatoporoids which were markedby the following two, radically
different, ancestral structures: .

A) A primary, compact, calcareous basal plate composed of microcrystallites arranged
perpendicularly to the skeletotrophic surface of ectoderm ;

B) A primary spongy plate, composed of a very dense reticulum (microreticulum) of
calcareous fibers, usually without definite spatial orientation.

Each of the structural types of primary basal plates maybe considered as an ancestor
of two separate morphological groups of the Stromatoporoidea, provisionally termed by the
writer as "A" and "B" (Table 3) and whose morphological differentiation took place indepen­
dently of each other. The presence of the two distinct morphological groups in the stromato­
poroidea is, at the same time , evidence of the diphyletic character of these organisms. However,
as a result of generally identical evolutionary trends observed in the development of both groups,
the phenomena of both hetero- and isochronous, morphological parallel isms are relatively
frequent.

The interpretation of the main evolutionary trends in both morphological groups (Table 3),
has been based on the observation of structural and microstructural changes in the skeletons
of stromatoporoids ranging Middle Ordovician - Lower Carboniferous and examined from
the viewpoint of the functionality of the coenosarc-skeleton system. The following elementary
processes are more or less strongly marked in the evolution of the stromatoporoids.

I) A progressive differentiation of coenosarc, taking place through an increase in the degree
of its folding and leading to an increase in its volume and extent of its penetration in the skeleton.
As a result of this process, a permanent tendency is observed in skeletons to develop vertical
elements and reduce laminae, as well as to increase the interskeletal spaces occupied by eo­
enosarc.

2) An oligomerization of calcification centers with a similtaneous increase in their secretive
efficiency. The thickening of vertical elements in many skeletons and transformation of micro­
reticular skeletons (reduction, condensation and homogenization) were the effect of this process.

3) A growth stabilization of the skeletotrophic zone ofcoenosarc, which resulted in the
formation of permanent calcification centers or zones. As an effect of this process, a distinct
tendency is observed in many stromatoporoids younger geologically to a regular geometric
spatial orientation of vertical skeletal elements.

4) An increase in growth periodicity, expressed in a gradual development of regular
growth cycles marked in skeletons by the presence of laminae and growth discontinuity surfaces
(growth inhibitions and interruptions).
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MORPHOLOGICAL GROUP A"
"

Examples of lineages

Lineage I. - A lineage represent ed by the genera Lophiostroma NICHOLSON, Derma­
tostroma PARKS (in part) and Pachystylostroma N ESTOR. A gradual development of pillars
and increase in interskeletal spaces in originally compact , platelike basal skeletons (Text-fig.
I I a-c) are characteristic features of th e representa tives of thi s lineage.

gds

o b c
Fig. 11

Morphological group "A" . Forms representing lineage I: a Lophiostroma N ICHOLSON, b Pachystylostroma
N ESTOR (forms of P. rosensteinae N ESTOR type), c Pachystylostroma N ESTOR (forms of P. opiparum N ESTOR type); all in
vert ical section ; not to scale. gds growth discontin uity surfaces, isp interske letal spaces (chambers), p pillars , t tubercules

The representatives of Lophiostroma, known since the Middle Ordovician and being
among the oldest stromatoporoids described thu s far have the most primitive skeletons. Their
coenosteum is composed of a thin plate, consisting of many fibro-normal lamellae twisted
into fairly regular tubercules and superposed very densely without any interskeletal spaces
(PI.VI, Fig. 6 ; Text-fig. 11a). Dark-coloured growth inhibition surfaces are conspicuously marked
in vertical sections. With a very primitive structure of its coenosteum, Lophiostroma is, at the
same time , a conservative genus whose species, almost not differing from each other, appear
sporadically as late as the Upper Devonian (YAVORSKY, 1957).

A primitive, thin, platelike skeleton, similar to that of Lophiostroma, is a characteristic
feature of the Upper Ordovician stromatopo roids, assigned with a reservation by GALLOWAY &
ST. JEAN (1961) to the genus Dermatostroma PARKS. These are : ?D. corrugatum (FoERSTE),
?D. glyptum (FOERSTE) and ?D. escanabense GALLOWAY& EHLERS. In contrast to Lophiostroma,
skeletons of these species are, however, composed not of laminae, but of closely distributed,
thick, vertical, trabeculae whose, terminations are visible on the surface of coenosteum in the
form of papillae. The th ickness of skeletons in these species is small and does not exceed 1 cm.

Compact skeletons of Lophiostroma and Dermatostroma were undoubtedly formed as
a result of the secretion of CaC03 by the entire surface of a slightly differentiated basal layer
of coenosarc , which, despite its considerable secretive act ivity, was incapable of forming high
skeletons. A slightly folded basal ectoderm, shifting upwards in the process of growth on the
basis of successively deposited fine layers of skeleton, formed a calcification system which
was not very effective for a rapid rate of the colony's growth. The first tendency to the modi-



MORPHOGENESIS AND SYSTEMATICS OF THE DEVONIAN STROMATOPOROIDEA 51

fication of the manner of growth through passing from a continuous to a intermittent shifting
of the coenosarc is observed in ?Dermatostroma glyptum whose skeleton is composed from two
layer with irregular interskeletal spaces occurring between them (GALLOWAV& ST. JEAN, 1961,
PI. 10, Fig. 4a).

At the turn of the Ordovician to the Silurian, forms, assigned to the genus Pachystylo­
stroma, were separated, from compact, platelike skeletons by a gradual formation of pillars.
Since the upward shifting of coenosarc was much more effective with the use of pillars as a base
for it, Pachystylostroma developed relatively large interskeletal spaces in the form of lenticular
chambers. The development of pillars, was initiated in Pachystylostroma by the formation of
fine denticles on the surface of basal plates. These denticles correspond to the first stages of the
folding of a flat coenosarc (e.g. , the lowermost Silurian P. rosensteinae NESTOR, cf. PI. VI,
Fig. 2), and gave the possibility of a much ~ore rapid growth of skeleton and hence the coenostea
of Pachystylostroma reach much larger dimensions. The denticles became subsequently longer
and thicker with a simultaneous reduction in the thickness of horizontal plates (e. g., P. opiparum
N ESTOR, cf. PI. VI , Fig. 3). In some of the younger species of Pachystylostroma, pillars are
continous over relatively long stretches of skeleton and slightly convex basal plates turn into
regular laminae. In some others forms basal plates are to a considerable extent replaced by
dissepiments and very strongly developed vertical elements take the form of irregular, thick
columns (e.g. , P. exile NESTOR, cf. PI. VI , Fig. 1). Since in the Wenlockian, in addition to species
with very strongly developed pillars or columns, there also occur ones with only small denticles
on the surface of slightly convex, thick basal plates (e. g., P. visbyense MORI, cf. MORI, 1968,
PI. I, Fig. 4), the rate of the development of pillars was not uniform in all Pa hystylostroma.

Lineage II. - This lineage includes genera having massive skeletons as, Cystostroma
GALLOWAY & ST. JEAN, Ro senella NICHOLSON, Rosenellinella YAVORSKY, Stratodictyon WEBBY,
Labechia M. EDWARDS & HAlM, Labechiella YABE & SUGIYAMA and Stylostroma GORSKY
(= Pennatostroma DONG), as well as genera with cylindrical skeletons as, Sinodictyon YABE & Su­
GIYAMA and Cryptophragmus RAYMOND. The representatives of these genera, occurring from
the Middle Ordovician to the Early Carboniferous make up a continuous lineage marked
primarily by progressively developing vertical elements of skeleton (Text-fig. 12A1-:l)'

Cystostroma, numerously represented in the Middle and Upper Ordovician of North
America (GALLOWAY & ST. JEAN, 1961), Estonia (NESTOR, 1964) and Australia (WEBBY, 1969)
were undoubtedly starting forms for the lineage under study. Skeletons of Cystostroma are
composed of more or less convex dissepiments which served as a base of coenosarc on which
it was shifted upwards in the process of growth and which, may consequently be considered
as serially superposed basal plates. The tendency to increase and flatten the strongly convex
dissepiments and to form on their surface short processes known as villae , which may be treated
as incipient pillars, relatively early appeared in some of Cystostroma (e.g., C. simplex GALLOWAY
& ST. JEAN, cf. GALLOWAY & ST. JEAN, 1961, PI. 1, Fig. 3a). Shifting coenosarc during its growth
was probably easier with villae used as bases. The process of the formation of pillars, started
by the appearance of villae, is already much more strongly emphasized in species of the
Middle Ordovician Sin odictyon , Upper Ordovician and Lower Silurian Rosenella and Lower
Silurian Rosenellinella, in which conspicuous denticles (e.g., R. woyuensis OZAKI, cf. WEBBY,
1969, PI. 120, Fig. 5) or pillars (e.g. , R. tuberculata (RIABININ), cf. NESTOR, 1964, PI. 11, Fig. 3;
Text-fig. 12) occur on the surface of strongly flattened and sometimes thickened dissepiments.
A similarly strong development of pillars, but with delicate dissepiments preserved, is displayed
by the representatives of the genus Stratodictyon, described from the Ordovician (?Caradoc)



52 J6ZEF KAZMIERCZAK

of Australia (S. ozakii WEBBY and S. columnare WEBBY, cf. WEBBY, 1969, PI. 119, Figs. 4-6).
Representatives of Labechia, having massive coenostea and related Cryptophragmus with
a cylindrical coenosteum, having a large axial canal intersected by dissepiments (cf. YABE&
SUGIYAMA, 1930; GALLOWAY & ST. JEAN, 1961; WEBBY, 1969 and others) are a derivative
of the forms similar in structure to Stratodictyon and evolved as a result of a very strong de­
velopment oflong, thick pillars with the dissepiments preserved. The type of skeleton structure,
reached by Labechia, is indicative of a considerable degree of conservatism, as they occur
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Morphological group "A". A - forms representing Lineage II (see p. 51): 1 Cystostroma GALLOWAY & ST. J EAN,
2 Rosene/la NICHOLSON, 3 Labechia M. EOWARDS & HAlME ; B - forms representing Lineage III (see p. 53): 1 Pseudo­

. stylodictyon OZAKI, 2 Stromatocerium HALL (forms of S. canadense NICHOLSON & MURIE type), Stromatocerium
HALL(forms of S. australe PARKS type); all in vertical section; not to scale. de'denticles, di dissepiments, p pillars, vt vertical
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almost without any changes over the Silurian and Devonian (RIABININ, 1932; YAVORSKY, 1957;
NESTOR, 1966; MORI, 1968 and others). It was only at the turn of the Devonian to Carboniferous
that, as a result of the transformation of simple, isolated pillars of Labechia, forms were evolved
assigned to Stylostroma (= Pennatostroma) in which vertical elements may have the form of
thick, vertical columns or megapillars, ramified in herring-bone pattern (e.g., S. yangi (DONG) ­
cf. DONG, 1964, PI. 4, Figs. 3, 5).

In some of Labechia, thin laminae were developed as a result of flattening dissepiments
and their deposition at even levels. Such forms are assigned to the genus Labechiella. They
have already been known in the Ordovician, as well as, less frequently, in the Silurian and
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Devonian (NICHOLSON, 1886b ; YABE & SUGIYAMA, 1930). As a result of the progressing de­
velopment of pillars in Labechia and Labechiella, forms with pillars connected with each other
in systems of longer or shorter, meandering vertical walls were evolved in the Early Carboni­
ferous. Such forms were described by DONG (1964) from the lowermost Carboniferous of China
and erroneously assigned by him to the genus Stromatocerium HALL. In the present writer's
opinion, they should have been separated to form another genus. Some of the species of "Stro­
matocerium", described by DONG, such as, "S". sinense DONG, "S." kwangsiense DONG and
"S." kueichowense DONG, having thin laminae formed by flattening dissepiments, may probably
be derived directly from Labechiella, while "S." hybridium DONG, with strongly convex dissepi­
ments, from Labechia.

The process of the modification of skeleton, described above that is a strong development
of vertical elements, undoubtedly reflects a selective adoption of the manner of displacement
of coenosarc connected with a more economical secretion of the colony, with the preservation
of an existing or usually increased mechanical resistance of the coenosteum.

Morphological changes, almost identical with those occurring in the lineage under study,
are observed in the development of coenenchyme in the order Proporida (Heliolitoidea). In
theOrdovician - Lower Silurian species of Propora M. EDWARDS & HAlM andLaminoplasma
BONDARENKO, short dentic1es or pillars appear on the surface of strongly convex dissepiments.
In the Wenlockian PlasmoporaM ; EDWARDS & HAlM they become elongated to transform, in the
Upper Silurian Squameolites BONDARENKO and in Eolaminoplasma BONDARENKO, into long,
vertical pillars and vertical walls connected with each other by tabulae formed of modified,
flattened dissepiments (cf. SOKOLOV, 1955; BONDARENKO, 1963).

Lineage Ill. - This lineage is represented by species of the genera Pseudostylodictyon
OZAKI, Cystistroma ETHERIDGE and Stromatocerium HALL, having massive coenostea, as well
as AulaceraPLUMMER whose coenostea are cylindrical. The same as in lineage II, the progressive
development of vertical elements in originally dissepimental skeletons (Text-figs. 12A1, and
8 1- 3) is a characteristic feature of the development of the forms referred to above, but in this
lineage it is reached in a quite different way of shifting coenosarc in the process of the colony's,
growth (for further explanations see p. 35). .

As in lineage II, skeletons with the structure of the type of Cystostroma GALLOWAY &
ST. JEAN, undoubtedly direct ancestors ofPseudostylodictyon with strongly flattened dissepiments
displaying the presence of fine wrinkles (e.g., P. kayi GALLOWAY & ST. JEAN, er. GALLOWAY &
ST. JEAN, 1961, PI. 6, Fig. la), were initial forms of the lineage under study. A similar, although
steeper and higher, local bend of flattened dissepiments, resembling tubes whose narrowing
upper ends are closed at the top, is displayed by the representatives of older Stromatocerium
(e.g., the Middle Ordovician S. canadense NICHOLSON & Munra, cf. GALLOWAY & ST. JEAN,
1961, PI. 9, Figs. 1 and 2) and Aulacera (e.g., the Upper Ordovician A. radiata GALLOWAY &
ST. JEAN, cf. GALLOWAY & ST. JEAN, 1961, PI. 4, Fig. I a). Long, angular, continuous vertical
tubes sometimes fused together and forming systems of twisted vertical walls are already
observed in later species of Stromatocerium (e.g. S. australe PARKS, cf. GALLOWAY & ST. JEAN,
1961, PI. 9, Fig. 3a-b) and in the representatives of Cystistroma (e.g., C. donnelli ETHERIDGE,
cf. WEBBY, 1969, PI. 122, Figs. 3-8). In all these cases, the development of tubular vertical
elements is usually accompanied by the flattening and arrangement in equal level of dissepiments
which are transforming into laminae.

Lineage IV. - A lineage represented by species of Forolinia N ESTOR and probably Clief­
denella WEBBY, the initial forms for which were, the same as in lineages HI and II, the Ordo-
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vician Cystostroma GALLOWAY & ST. JEAN. As a result of the flattening of strongly convex
dissepiments in Cystostroma and of the formation of circular pores called foramina (NESTOR,
1964), developed in them forms were evolved which are assigned to the genus Forolinia. In the
oldest, Ordovician (Lower Catheys Formation, Tennessee), Forolinia such as, for instance,
F. pustulosa (SAFFORO), erroneously assigned by GALLOWAY & ST. JEAN (1961) to Labechia,
dissepiments are yet fairly strongly convex and have many foramina tending to a vertical super­
position over longer streches of the coenosteum (cf. GALLOWAY & ST. JEAN, I. C., PI. 7, Fig. 2a).
Similar in structure are specimens of F. implana NESTOR, described from the Upper Llandoverian
of Estonia (cf. NESTOR, 1964, PI. 10, Figs. 1-4). They already concur with Forolinia having very
flat dissepiments intersected by numerous foramina as, for instance, F. paka NESTOR, from
which, as a result of a very strong thickening of dissepiments, F. pachyphylla (NICHOLSON)
(cf. PI. VI, Fig. 5) were subsequently evolved in the Uppermost Llandoverian (Adavere stage).
The Forolinia lineage is among the few lineages in the development of the Stromatoporoidea,
in which no development of vertical skeletal elements is observed. In this lineage, the differen­
tiation of coenosarc mostly consisted in the formation of coenosarcal strands detaching
themselves from the principal layer of coenosarc which was distributed superficially and
which penetrated deep into the skeleton. Foramina might be traces left in the skeleton by
these coenosarcal strands. Similarly interpreted foramina occur in several other genera (e.·g.,
Pseudostromatoporella n. gen., Stromatoporella NICHOLSON, Stictostroma PARKS, Tienodictyon
YABE & SUGIYAMA). The tendency to the superposition of foramina testifies to the stabilization
of the position of coenosarcal strands in the course of successive growth stages of the colony.

The precipitation of the skeletal substance around coenosarcal strands was probably
the cause of the formation of short, tubular bends in the axial part of some of the dissepiments
observed in, for instance, the Upper Ordovician Cystostroma estoniense NESTOR (NESTOR,
1964, Text-fig. 1). In the present writer's opinion, a similar genesis should be ascribed to long,
vertical tubes, intersected by tabulae, which are observed in ClieJdenella, described from the
Upper Ordovician (Lower Eastonian) of Australia (c. etheridgei WEBBY, er. WEBBY, 1969,
PI. 125, Figs. 1-4). In ClieJdenella, dissepiments were transformed into even laminae. With
such an interpretation, vertical tubes in ClieJdenella were a modified equivalent of foramina ,
comparable functionally with systems of superposed ring-pillars, occurring in some of the species
of Stromatoporella of morphological group "B" (microreticular).

Lineage V. - A lineage represented by the genera Clathrodictyon NICHOLSON & MURIE,
Simplexodictyon BOGOYAVLENSKAYA (= ?Diplostroma NESTOR), Anostylostroma PARKS, Tieno­
dictyon YABE & SUGIYAMA and Pseudostromatoporella n. gen. Amphipora SCHULZ is most likely
to be related to this lineage. Reaching a regularly laminar structure of coenosteum, gradual
increase in the complexity of vertical elements and a reduction of laminae through a strong
development of foramina and ring-pillars (Text-fig. l3a-e) in some forms are characters of the
representatives of the lineage under study. These changes were connected with a progressive
folding of coenosarc and increase in the degree of its contact with the skeleton.

The representatives of Clathrodictyon are undoubtedly derived from forms with a dis­
sepimental structure of the type of Cystostroma GALLOWAY & ST. JEAN (cf. also PARKS, 1936 ;
GALLOWAY & ST. JEAN, 1961; NESTOR, 1966b). A close relationship between the two genera
is indicated by the character of skeletons of the oldest representatives of Clathrodictyon, composed
of slightly convex dissepiments, usually arranged in layers (e. g., the Upper Ordovician C. vorm­
siense RIABININ, cf. NESTOR, 1964, PI. 12, Fig. 6; Text-fig. 13). Such a character of morphological
changes is a symptom of replacing a not very effective manner of shifting coenosarc with dis-
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sepiments serving as a base by that in which coenosarc shift is supported by pillars precipitated
in particular spots. This process was connected with the replacement of dissepiments by rhythmi­
cally deposited laminae. According to the views of GALLOWAY & ST. JEAN (1957), species, so
far described as those of the genus Clathrodictyon and in which the dissepimental structural
pattern was obliterated and replaced by the laminae-pillars system, shou ld be excluded from

Fig. 13
Morphological group "A". Forms representin g Lineage V (see p. 54): a Cystostroma GALLOWAY& ST. JEAN, b Clathro­
dictyon NICHOLSON & MURIE, c Simplexodictyon BOGOYAVLENSKAYA, d Anostylostroma PARKS, e Tienodictyon YABE,&

SUGlYAMA, f Pseudostromatopo rella n. gen. ; all in vertical section ; not to scale

this genus (e.g., C. ostiolatum NICHOLSON, C. linnarsoni NICHOLSON) and assigned to Simplexo­
dictyon. The occurrence of several stromatoporo ids who se skeletal tissue displays alternate zones
with their structure of the type of Clathrodictyon and Simplexodictyon (e. g., C. lenticulare
PETRYK, cf. MORI, 1968, PI. 3, Fig . 3), indicates a close relationship between these two genera.
Galleries in Simplexodictyon, at first rectangular and subrectangular and having straight, thin
pillars (e.g., S. gotlandense (MORI), cf. MORI, 1968, PI. 3, Fig. 5), gradually become rounded
and, consequently, pillars acquire a spool-shaped outline (e. g., S. uralicum (YAVORSKY), S. la­
zutk ini (YAVORSKY), PI. VII, Figs . 6 and 8). In the present writer's opinion, the phenomenon
of rounding the galleries may be explained by the penetration of the folds of coenosarc into
galleries as the coenosarc shifts in the process of growth over the stretches, contained between
two successive laminae. A further folding of coenosarc led to the formation of coenosarcal
strands, whose traces are ob served in the form of foramina or ring-pillars in the representatives
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of the Devonian Pseudostromatoporelfa, direct descendants of Simplexodictyon. The Middle
Devonian Anostylostroma, in which, as a result of addit iona l invaginations of the basal ectoderm,
pillars ramify in the upper part of the interlaminar space (Text-figs. 9A 2 and 13d), were probabl y
also evolved from Simplexodictyon. Species of Tienodictyon which , in particular in th e Upper
Devonian (e.g., T. albertense (STEARN), PI. XII, F ig. 3a) reached a maximum degree of th e
ramification of pillars (cf. also Text-fig s. 9 Aa and 13e), were developed from Anostylo stroma
through a yet more intensive folding of ectoderm.

The lineage under study is marked by the highest degree of morphological differentiation
of all other lineages of morphological group "A", continuing from the Middle Ordovician
to th e Uppermost D evoni an, while most gen era of the remaining' lineages become extinct
considerably earlier or a re only vestigially represented in th e U pper Devonian (e.g., Labechia ,
Stylostroma and Rosenelfa).

Lineage VI . - A lineage including the representatives of th e genera Ecclimadictyon N ESTOR ,
Plexodictyon N ESTOR, Yabeodictyon MORI, Actinodictyon PARKS (in part) and Int exodictyon
YAVORSKY (in part). A progressive development of vert ical elements in some of th e forms
(Text-fig. 14a"c) and, in others, a gradual increase in growth rhythms, expressed in a gradual
development of lami nae, a re characters of thi s lineage.

o b c
Fig. 14

Morphological gro up "A". Some of the representatives of Lineage VI: a Ecclimadictyon N ESTOR (forms of
E. fa stigiatum (N ICHOLSON) type), b Ecclimadictyo n NESTOR (forms of E. robustum NESTOR type), c Actinodictyo n P AR KS

(forms of A. suevicum (NICHOLSO N) type) ; all in vertica l section; no t to scale

The Upper Ordovician Eccliniadictyon with skele tons composed of irregular, oblique ly
connected plates d isplaying in vert ica l section of coenosteum a characteristic chevron-like
outline were ancest ra l forms of this lineage. It was as very early as the Late Ordovician, th at
a tendency was marked in some of th e species of Ecclimadictyon to form, in the skeleton, ver­
tical elements shaped like twisted pillars (e. g., E. amzassensis (KHALFINA), cf. WEBBY, 1969,
PI. 128, Figs. 3 and 5). Much more definitely developed pillars and thickened skeletaf elements
occur in the Silurian Ecclimadictyon (e.g., the Llandoverian E. laminaeungulatum (RIABININ),
cf. N ESTOR, 1964, PI. 24, F ig. 1 or the Wenlockian E. robustum N ESTOR, PI. VII, Fig. 5). A further ,
st rong development of pillars in Ecclimadictyon resulted in the formation, in th e Wenlockian ,
of forms assigned to th e genus Yabeodictyon and in which, in addition to thick, long pillars,
skeletal plates had yet a conspicuously chevron-like .arrangement typical of Ecclimadictyon
(e. g., Y. balticum MORI, cf. MORI, 1968, PI. 18, F ig. 1). As a result of a change from the oblique
into horizontal arrangement of skeletal plat es, fo rms were evolved, included in Actinodictyon
(e.g., A. suevicum (NI CHOLSON), cf. N ESTOR, 1964, PI. 30, Figs. 3-6).
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The developmen t of Ecclimadictyon was conspicuously divergent in character since in
addition to changes tending to form pillars, some of the forms of this genus took an opposite
trend, that is, towards developing compact laminae. The first laminae, observed in Ecclimadictyon
a re thin, uneven and, irregul arly occurring in ske letons (e.g. , the Upper Ordovician E. gregale
(NESTOR), PI. VII, Fig. 1). Strongly developed and regularly repeated laminae are recorded
on ly in the Middle and Upper Silurian Plexodicfyon (e. g., P. savaliense (RIABININ), PI. VU,
Fig. 2). T ogether with th e development of laminae and primarily with a gradual decrease in
the height of interIaminar spaces (growth incremen ts), there occurs in Plexodictyon a gradual
reduction in the number of den sely distributed and at first oblique plates in interlaminar spaces
which resu lts in the evo lut ion of forms, most frequnetly assigned to the genus Intexodictyon
(e.g., I. copulatum YAVORSKY, cf. YAVORSKY, 1963, PI. 7, Figs. 6 and 7). Not taking into account
the mic rostructural cha ra cter of the type species, th e diagnosis of Intexodictyon, given by
YAVORSKY(1963) and supplemented by N ESTOR (1964) is unclear. In the present writer's opinion ,
some of th e species, ass igned at present to In tex odic tyon and which, despite their similarity
in a general a rra nge ment and morphology of skeleta l elements, display a reticular microstructure
(e.g., I. perple xutn YAVORSKY, cf. YAVORSKY, 1963, PI. 8, Figs. 1-4), belong to morphological
group "B" and sho uld, th erefore, be exc luded from Int exodictyon . These species mu st be assigned
to th e rece ntly erecte d genus Int exodictyon ella YAVORSKY (cf. YAVORSKY, 1969).

MORPHOLOGICAL GROUP "B"

Examples of lineages

Lineage I . - A lineage including representatives of the genera Densastroma E. FLUGEL
(in part), Desniostroma BOLSHAKOVA, Pseudolabechia YABE & SUGIYAMA and Vik ingia Bo­
GOYAVLENS KAYA.

A vert ical zonal condensat ion of a uniformly microreticular ti ssue, first marked by
th e appearance of thick, co lumnar, elements which subsequently become transformed into
systems of t rabecular pill ars, is the main trend in th e development of successive morphological
links. Between condensed vertica l elements, the microreticulum becomes st rongly reduced
with p rogressive thickenning of th e remaining loose fibers (Text-fig. 15a-c).

The Lower Silurian Densastroma with skeletons composed of a very dense, homogenous
reti culum (e.g., D. pex isum (YAvORSKY), cf. N ESTOR, 1964, PI. 13, Fig. I;PI. 14, Figs. 1 and 2)
were initial forms of th e lineage under study . At the turn of the Lower to Upper Silurian, some
of th e speci es of Densastroma evolved, into forms assigned to Desmostroma. In this genus the
process was sta rted of a differentiation of th e st ructu rally uniform skeleton into thick, irregular
columns with a conside rably looser reticulum occurring between them (e.g. , the Wenlockian
D. columnatum BOLsHAKovA, cf. BOLSHAKOVA, 1969, PI. 5, Fig. 1a-b) . In other Desmostroma,
co lumns are a lrea dy much thinner, composed of thick ver t ica l fibers , connected with each other
by an ir reg ular reti culum of fine r fibers ; th e re ticulum occurring between columns, is subject
to further reduction (e.g., D. y akovlevi (R IABININ), cf. RJABININ, 1953, PI. 2, Figs. 1-3).

Desmostroma are direct ancestors of the Wenlockian, and Ludlovian Pseudolabechia.
In Pseudolab echia columns are composed , like in Desmostroma, of fibers thicker than the rest
of skeleto n, bu t arranged fanwise and connected with each other by thin fibers much rarer
th an th ose in Desmostroma (Text-fig. 15b) . T he fibers of its reticulum between columns become
yet more reduced and thi ckened (e.g., P . granulata YABE & SUGIYAMA, cf. YABE & SUGIYAMA,
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1930, PI. 22, Figs. 11 and 12 (vertica l section in an inverted position!). The fanwi se arrangement
of fiber s in columns of Pseudolabecliia was probabl y connected with an invagin ation of the basal
ectoderm, which, at the same time, sta rted th e process of trabecularization of skeletal tissue in
co lumns . This process was fully developed in the representatives of the next evolutionary link
of the lineage und er study, that is, in the Ludl ovian Vikingia (e. g., V.podolica BOGOYAVLENSKAYA,
cf. BOGOYAVLENSKAYA, 1969a, PI. 4, Fig. la-b). Th e Wenlockian representatives of Vikingia
(e.g., V. vik ingi (NESTOR) and V. tenue (NESTOR), cf. NESTOR, 1966, Pi. 24, Fig s. 1-6) are marked
by distinct transit ion al cha racters between Pseudolabechia and Vik ingia. They ar e expressed
in a strong concentrati on of pinna tely a rranged fibers in columns, which, however , are connected
with each other by thinner and rarer fibers. A pr imary reticulum between columns in Vikingia
is reduced to a maximu m extent, form ing ra re, th ick and almost horizontally arranged fibers.
(Text-fig. 15c).
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Mor phological group " B". Genera representing Lineage I (see p, 57): a Desmostroma B OLSHAKOVA, b Pseudolabechia
YA8 E & S UGI YAMA, c Vikingia BOGOYAVLENSKAYA ; al in vertica l section ; not to scale. cc condensed micro reticular tissue
in columns, se spray-like microreticular columns, ic interco lumnar microreticular tissue, ric reduced intercolumnar

microreticular tissue

Lin eage IJ. - A lineage represented by forms assigned to the genera Densastroma E. FLv­
GEL (partly), Plectostroma N ESTOR and Actinostroma NICHOLSON (partly). A uniform red uction
in the initial microreticular tissue with a simulta neous gradual thickening of all remaining fiber s
of reticulum (Text-fig. 16A1- a) is a main tr end in the morphological development of particular
links of the lineage under study. The reduct ion takes place primarily in the fiber s of reticulum
which take a vertica l orient ation and gave origine to pillar s, excellently developed in further
stages. The reduction in microreticula r fibers is accompanied by an oligomerization of calci­
fication centers and by obtaining grow th rhythmics expressed in the formation of even peri o­
dically dep osited laminae in the forms younger geologically. Th e degree of folding coenosarc,
at first low, in younge r forms is marked by the presence of for amina in laminae, by the rounding
of galleries and by a grad ual replacement of retic ula r laminae by dissepiments.

The initial stages of th is lineage, were marked by th e appearance in Lower Silurian of
stromatoporoids with skeletons composed of a dense, homogenou s reticulum, assigned generally
to the genus Densastroma. Th ese forms were marked by a pron ounced tendency to a uniform
loosening of reticulum and a stronger development of fibers with a vert ical orientation (e. g., the
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Lower Wenlockian D. incrustans (RIABININ), cf. PI. XLI, Fig. I). In some of younger species
of Densastroma (e.g., the Lower Ludlovian D. sociale (RIABININ), cf. PI. XLI, Fig . 2), pillars
are already expressed considerably more conspicuously. As a result of a further, rapidly pro­
gressing reduction of reticulum and thickening of its fibers, Densastroma evolved, into Plecto­
stroma. The last genu s has long, strongly expressed pillars connected with each other by fiber s
formed like horizontal processes (arms), detaching themselves at various levels and left over
after the reduction in reticulum (e.g., the Ludlovian P. mirificuni N ESTOR, cf. PI. XLI, Fig. 3).
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Morphologica l group "B" . A - genera representing LIneage II (see p. 58) : I Densastroma E. FLOGEL (forms of D. in­
ert/s talls ( R IABIN IN) type), 2 Plectostroma N ESTOR , 3 Actinostroma NICHOLSON (forms of A. papillosum (BAROATZKY )

type) ; B - genera representing Lineage III (see p. 60): I Parallelostroma N ESTOR, 2 Actinostroma NICHOLSON (forms of
A. mam ontovi YAVORSKY type), 3 Actinostroma NICH OLSON (forms of A. stellulatum NICHOLSON type) ; all in vertical section ;

not to scale

At the turn of th e Silurian to th e Devonian, Plectostronia evolved into A ctinostroma
in which the tendency is observed to arranging horizontal arms in even laminae. Thi s process
is connected with a further, strong thickening of pillars and a gradual rounding of galleries,
indicating an intensive folding of coenosarc (e. g., A. compactum RIPPER, cf. PI. XXXVII,
Fig. la-b ; A.papillosum (BARGATZKY), cf. PI. XL, Fig. la-b). The thickening of pillars, progres­
sing in the Devonian and accompanied by the reduction in laminae and their replacement by
dissepiments, has in the Upper Devonian led to the formation of species of Actinostroma,
having extremely thick pillars and slightly expressed interpiIIar skeleton (e. g. , A. crassepilatum
LECOMPTE, cf. PI. XL, Fig. 3a; PI. XLI, Fig. 6).
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It follows from the successive stages of th e Densastroma - Actinostroma lineage de scribed
above that considerable pa rt of the species, so far assigned to A ctinostroma, probably belong
to another phylogenetic lineage whose terminal links display only a structural parallelism with
Actinostroma proper, resulting from evolutionary tendencies on the whole similar in both
lineages. Species ass igned to the groups A . verrucosum (GOLDFUSS), A . stellulatum NICHOLSON
and A. sertiforme LECOMPTE (cf. LECOMPTE, 1951) belong to non-typical Actinostroma. In
addition, A. bifarium NI CHOLSON is probably al so a non-typical Actinostroma. Differences
between the two lineage s of Actinostronia a re discussed in detail below.

Lineage Ill. - A lineage including forms belonging to Densastroma E. FUjGEL (partly),
Parallelostroma N ESTOR and Actinostroma NI CHOLSON (partly). The formation of and gradual
increase in interskeletal spaces, which, at first of th e nature of chambers, and later on - after
a stronger reduction in microreticulum and formation of monofibril pillars - of galleries
make up characteristic features of this lineage. Microreticular laminae, at first thick, are sub­
sequently subject to gradual reduction, connected in many cases with loosening of the fibers
of reticulum and with their thickening. In extreme cases, laminae occur in the form of a mono­
laminar reticulum. Pillars display the tendency to superp osition, probably connected with
growth stabilization of calc ification centers in th e ba sal ectoderm (Text-figs. 16 A and Bl - 3) .

Older Silurian Densastroma with skeletons , con sisting of a dense microreticulum whose
fibers are rather disorderly arranged spatially which is indicated by th e character of the skeletal
tissue in most species of Parallelostroma (e. g. , the Ludlovian P. typica (RosEN), cf. PI. X, Fig. 2),
were ancestra l forms of the Upper Silurian Parallelostroma. T he format ion of Parallelostroma
was connected with th e development, in uniform reticular skeletons of the Densastroma type, of
interskeletal spaces sha ped like hemi spherical chambers arranged in even levels and emphasizing
growth rh ythmics of skeletons. The format ion of the hemispherical chambers was , in the present
writer's opinion, connected with vesicular bends of th e basal ectoderm at the beginning of each
successive growth cycle. The growth periodicity in Parallelostroma is add itionally underscored
by usually dark-coloured growth inhibition surfaces (PI. X, Fi g. 3). .

The writer believes that th e mechanism of th e fo rmation of hemi spher ical chambers was
homologous to the process of th e formation of spa ces between dissepiments in the Recent
Zoantharia (cf. chapter "T he origin and character of int er skeletal spaces, p. 36). The chambers
in Parallelostroma are at first small and low (e. g., P. malinovzyensis (RIABININ), cf. PI. X , Fig. I )
and , consequently, laminae are very thick and pilla rs only slightly separated. The chambers
subsequently gradually increase and lose th eir original hemispherical outlines. This process
is connected with a considerable reduction in th e thickness of laminae and development of
higher pillars which in their lower part are thin, frequently reduced to a single fiber and extend
upwards, uniting their microreticular tissue with th e reticulum of a lamina. Such a structure
of skeleton is characteri stic of many fo rms ass igned thus far to th e genus Actinostroma (e. g., th e
Middle Devonian A. mamontovi YAVORSKY, PI. X, F ig. 6 ; A. verrucosum (GOLDFUSS), cf. LE­
COMPTE, 1951, PI. 10, Figs. I and 2 ; A. geminatum LECOMPTE, cf. LECOMPTE, 1951, PI. 8, Fig. 5).
]n some of them, the original microreticulum in laminae is strongly loo sened (A . 111a111onto1'i,
A. verrucosum ) and pillars are lim ited by th e planes of laminae. In some others, the reticulum
in laminae is den se and some of th e p illars continue through severa l laminae (A. geminatum) ,
As a result of a further reduction in thickness, laminae take th e form of a very thin, unilayered
reticulum. At the same time , monofibril pillars are well superposed in particular growth cycles
(e.g. , A. stellulatum NI CHOLSON, PI. XXXVII, Fi g. 3a-b). Such forms become deceptively similar
to Actinostrotna proper (e. g., A . papillosum (BARGATZKY), from which th ey, however , conspi-
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-
cuously differ in having no distinct horizontal arms turning from pillars typical of Actinostroma
proper and in pillars being intersected by laminae. A further evolutionary stage of this group
is probably Actinostroma bifarium NICHOLSON (PI. XXXIX, Figs. 1and 2), in which, in addition
to many pillars limited by one interlaminar space, there occur considerably thicker, continuous
pillars intersecting several laminae. In A. bifarium, laminae are observed which are composed
of either a thick, irregular (PI. XXXIX, Fig. 2), or strongly reduced reticulum which occurs
in the form of horizontal arms connecting pillars (PI. XXXIX, Fig. 1b). This fact might indicate
that these forms, united in one species, might be of different origin. A clearly diphyletic origin
of the forms, now assigned together to Actinostroma, makes up, in the writer's opinion, a basis
for excluding from this genus the species related to this lineage and separating them in
a new genus.

Lineage IV - A lineage represented by the species belonging to the genera Densastroma
E. FLUGEL (partly), Intexodictyon YAVORSKYj (partly), Intexodictyonella YAVORSKY and Atelo­
dictyon LECOMPTE. A gradual and uniform reduction in a dense primary reticulum, connected
with the oligomerization of calcification centers, is a main tendency in the evolution of the re­
presentatives of this lineage. The reduction in reticulum resulted in the thickening of some of
the fibers and mostly in taking vertical position by the remaining fibers. It was in early stages
of the development of skeleton in the species discussed that a growth periodicity was expressed
in even, thin, reticular laminae in which the process of reduction in fibers was marked to a con­
siderably smaller extent than in an interlaminar skeleton (Text-fig. 17a-d).

Some of Densastroma, in which, in addition to the tendency to reduce microreticular
fibers, thin, even laminae were formed of a denser reticulum than that in the rest of skeleton
(e.g., the Middle and Upper Wenlockian D. dniestrense (RIABININ) and D. ustiense (RIABININ),
cf. RIABININ, 1953, PI. 3, Fig. 4; PI. 4, Fig. 3) were initial forms of the lineage under study.
The formation of laminae may be explained by a change from a continuous to a periodical
deposition of skeleton. A considerably larger condensation of microreticulum in laminae than

. in the interlaminar skeleton might be evidence for inhibition periods repeatedly occurring
in the growth of coenosteum. The formation of laminae took place in some of Densastroma
during the period when the original microreticulum was already to a certain extent loosened
and when considerable part of its fibers displayed a vertical orientation. A further development

. of Densastroma was connected with a strong reduction and thickening of reticular fibers in
interlaminar spaces. At the same time, the remaining fibers in some of the forms had a conspi­
cuously vertical orientation (e.g., the Middle Devonian D. subpodolicum (KHALFINA), cf KHAL­
FINA, 1960a, PI. D-l, Fig. 2a-b) - or-more frequently - were distributed very irregularly.
The morphology of the last-named forms corresponds to the definition of the genus Intexo­
dictyonella, recently separated by YAVORSKY (1969) with Stromatoporella undata (YAvORSKY)
from the Givetian of the Kuznetsk Basin as the type species (cf. YAVORSKY, 1969, PI. 16,
Figs. 1-4). Species, assigned by KHALFINA (1960a) with a reservation, to the genus Stromato­
porella NICHOLSON and which were described from the Lower and Middle Devonian of Salair
Mts. (Siberia), such as, ?S. rara KHALFINA and ?S. alternata KHALFINA, should also be assigned
to Intexodictyonella. This genus also includes some species of Intexodictyon having microreti­
cular laminae (e.g., I. perplexum YAVORSKY, cf. YAVORSKY, 1963, PI. 8, Figs. 1-4).

Forms with a very strongly reduced reticulum, of which straight or slightly ramified
fibers, sometimes connected with each other and forming a loose reticulum, were left in inter­
laminar spaces, are mostly assigned to the genus Atelodictyon. The oldest of such forms are
recorded as early as the Lower Devonian (e.g., A. krekovi (KHALFINA) and A. verrucosum
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(KHALFINA) from Krekov Beds in Sala ir Mts., er. KHALFINA, 1960a, PI. D-2, F ig. 1; PI. D-13 ,
Fig . 3a-b) and are evidence for an uneven rate of reduction in reticulum of various species of
Atelodictyon. In many progressive species of th e Mid dle and Upper Devonian Atelodictyon,
a loose retic ulum in interlaminar spaces was finally transformed into systems of monofibril
vertical walls, frequently interrupted and ha ving meandering outline in tangential sections

o
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Fig. 17
Morphological group "B". Some of the repre sentati ves of Lineage IV (see p. 61) : Densastroma E. FLOG EL (forms of
D. dniestrense ( RIABINI N) type), b Intexodictyonella YAVORSKY, c Atelodictyon L ECOMPTE (forms of A . kr ekovi (KHALFINA)

type), cl Atelodictyon L ECOMPT E (forms of A. fallax L ECOMPT E type) ; all in vertical section; not to scale

(e. g., the Couvinian A. fallax L ECOMPTE, cf. L ECOMPTE, 1951 , PI. 15, Figs. 1 an d 2; the Upper
Devonian A. trautscholdi (RIABININ), PI. XXXVI, Figs. 2 and 3). To such Atelodictyon also
belong the Middle Devonian formes from Kuznetsk Basin and Salair Mts. , assigned by KHAL­
FINA (1960a, b) to the genus Flexiostroma she separated on the basis of only the occurrence
of astrorhizal columns which, however, abundantly occur in many other genera. Th ese are
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F. flexuosum KHALFINA, F. pestereviense KHALFINA and F. crispum KHALFINA. The genus
Aculatostroma, separated by KHALFINA (l968a) with the type species Syringostroma verrucosum
KHALFINA (cf. KHALFINA, 1960a, PI. D-13 , Fig s. a-v) is also a junior synonym of Atelodictyon.
In addition to Atelodictyon , having a strongly reduced interlaminar skeleton, in the Middle
and Upper Devonian, there also occur species of thi s genus in which the process of reduction
in reticulum is considerably less ad vanced (e.g. , A . ordinatum STEARN, cf. STEARN, 1961, PI. 35,
Fig. 1; A. pseudocolumnare (RIABININ), PI. X, Fig. 6; PI. XXXVI, Fig s. la-c). The appearance,
in some of the species, of dissepiments in int erlaminar spaces and rare foramina in laminae
(PI. XxXVI, Fig. 3) is a characteristic feature of th e Upper D evon ian Atelodictyon. This phe­
nomena may be evidence of. the beginning of a gradual penetration of coenosarc into skeleton
in the se forms.

Lineage V. - A lineage represented by forms belonging to the following genera: Actino­
stromella BOEHNKE, Syringostromella NESTOR, Parallelopora BAGRGATZKY (partly), Syringostroma
NICHOLSON and Neosyringostroma n . gen. (partly). A gradual development of interskeletal
spaces in the form of coeno- and autotubes, probabl y evoked by an increase in coenosarcal
folds and strands pen etrating the skeleton is a characteristic feature of thi s lineage. A consi­
derable extent of taking vertical po sition by skeletal element s and poorly developed or even
absent laminae result from thi s process. A gradual growth stabilization of calcification centers
leads to an increase in the degree of the spa tial arrangement of skeletons . Th e primary micro­
reticular tissue, which forms skeletal elements, gradually becomes condensed and subsequently
homogenized primarily in vertical elements (Text-fig. 18a-j). In some cases, th e transformation
in microreticular tissue in pillars leads to th e format ion of tr abeculae.

The Wenlockian Actinostromella with skeleton composed of a very dense reticulum,
within which there run relatively long, thin vertica l tubes circular in transverse section and
intersected by tabulae, are the oldest represent ati ves of the lineage under study. Such tubes
are mo stly called autotubes (e. g., A . slitensis MORI, cf. MORI, 1968, PI. 13, Figs. 5 and 6). It
is beyond any doubt that Actinostromella originate from uniformly reticul ar stromatoporoids
having a structure of the type of Densastroma E. FLUGEL. In those forms the process of the dif­
ferentiation of coenosarc was connected with the formation of coenosarcal strands in its ba sal
zone. These strands penetrated the skeleton and shifted upwards, togeth er with coenosarc ,
periodically depositing tabulae in th e process of growth. In younger Actinostromella, autotubes
are considerable larger and, consequnetly , the thickness of skeleton which surrounds them
is strongly reduced (e.g., the Ludlovian A . vaiverensis N ESTOR, - PI. VIII, Fig . 1). As a result
of a further development of the system of coenosarcal strands, autotubes lose th eir individuality
and meandering, vertical canals vermicular in outline in transverse sectio n and intersected by
tabulae or dissepim ent s are formed. An increa sing degree of th e skeleton being penetrated
by coenosarc led to a further reduction in skeleta l elements. Such a structure of skeleton is
characteristic of th e forms assigned to the genu s Syringostromella (e.g. , th e Ludlovian S. bo­
realis (NICHOLSON), cf. PI. VIIl, Fig . 2 and N ESTOR, 1966, PI. 17, Fig s. 3 and 4). Th e micro reticular
tissue in skeletal elements of Syringostromella is in some of th e species loo se (e. g., S. borealis)
and fairly strongly condensed in some others (e.g., S. tenerrima MORI, cf. MORI, 1968, PI. 20,
Figs . 5 and 6).

At the turn of the Silurian to the Devonian, Syringostromella probably evolved forms,
assigned to Parallelopora, having regul arl y superposed skeleta l elements su rrounding wide,
meandering, vertical canals, intersected by tabulae and dissepiments. Horizontal elements
in the skeletons of Parallelopora are developed in the fo rm of relati vely irregular laminae dis-
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playing - in younger species - a tendency to disappear and be replaced by dissepiment s. Much
the same as in Syringostromella, within Parallelopora there occur species with a skeleton com­
posed of a loose microreticular tissue (e.g., the Middle Devonian P. ostiolata BARGATZKY,

cf. GALLOWAY & ST. J EAN, 1957, PI. 19, Fig. 2a-b), as well as with a very strongly condensed
microreticulum (e.g. , the Middle Devonian P. pulchra GALLOWAY & ST. J EAN, PI. VIII , Fig. 3).
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Fig. 18

Morphological group " B OO . Genera representing Lineage V (see p. 63): a Densastroma E. FLUGEL, b Actinostromella
BOEHNK E, e Syringostromella N ESTOR, d Parallelopora B ARGATZKY, e Syringostroma NICHOLSON (forms of S. densum
N ICHOLSON type), f Neosyringostroma n. gen. (forms of N. aurorum (PARKS) type); all in vertical sectio n; not to scale.
a aut otubes, ale aut o- or coenotubes, g galer ies, gr growth inhibition surfaces , cmt con densed microreticular tissue,

hi homogenized tissue, ml loose microreti cular tissue

Parallelopora, having a loose microreticular tissue, evolved into a group of form s, making up
a separate morphological lineage, leading through Trupetostroma PARKS to Hermatostroma
NICHOLSON, which is discussed below. On the other hand Parallelopora , displaying a tendency
to the condensation of microreticulum in vertical skeletal elements, evolved, at the turn of the
Lower to Upper Devonian, into forms assigned to Syringostroma. In this genus the condensation
of microreticulum was first marked in columnar pillars formed within normal vertical waIls
of skeleton. In some latterly Syringostroma (e.g., the Middle Devonian S. densum NICHOLSON,

cf. GALLOWAY & ST. J EAN, 1957, PI. 16, Fig. 3a-b) , reticular fibers in pillars are considerably
more condensed then in the rest of the skeleton and some of them, conspicuously thickened,
are gathered to form bundles arranged in a slightly fanwise manner (Text-fig. 18e).
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In the present writer's opinion, the following species, described by GALLOWAY & ST. JEAN
(1957) from the Middle Devonian of the U. S. A. should be excluded from the genus Sy­
ringostroma: S. perdensum GALLOWAY & ST. JEAN, S. superdensum GALLOWAY & ST. JEAN,
S. papillatum GALLOWAY & ST. JEAN, S. tuberosum GALLOWAY & ST. JEAN and S. radicosum
GALLOWAY & ST. JEAN. Thick, mostly homogenous mamelon columns, occurring in these
species at the bends of densely arranged microreticular laminae, make them suitable to be
assigned rather to the genus Stylodictyon NICHOLSON & MURIE, erroneously considered by
STEARN (1966b) as a junior synonym of Syringostroma (for the discussion of Stylodictyon ­
see lineage VIII).

Syringostroma are a direct ancestor of Neosyringostroma in which the microreticulum in
pillars becomes homogenized. In the initial stages of this process, traces of the original micro­
reticulum are pre served in the form of dark spots of calcification centers (or what is known
as "maculae") visible in transverse sections against the background of a lighter-coloured skeleta t
substance (e.g., the Middle Devonian N. propinquicolumnae (FRITZ & WAINES), cf. FRITZ &
WAINES, 1956, PI. 3, Figs. 8 and 11). The number of calcification centers is subsequently decreased
(e.g., the Middle Devonian N. aurorum (PARKS), cr. GALLOWAY & EHLERS, 1960, PI. 10, Fig. 1a-b).
In the interpillar skeleton, the microreticular tissue , at first preserved vestigially in the peripheral
zone of pillars and in horizontal elements, is almost completely removed in younger Neosy­
ringostroina as a result of a strong thickening and approximation of vertical skeletal elements '
(e.g., the Upper Devonian Syringostroma sp ., cf. KLOVAN, 1966, PI. 9, Figs. 1-3). Neosyrin­
gostroma also include species displaying the presence of thick, continuous pillars having a homo­
genous or trabecular microstructure of skeletal tissue and distributed within the microreticular
interpillar skeleton. These forms differ, however, from the Neosyringostroma described above
in irregular, frequently oblique horizontal elements (e.g. , the Middle Devonian N. loganspor­
tense (GALLOWAY & ST. JEAN), PI. XXXII, Figs. I and 2). We cannot preclude that such
Neosyringostroma might be formed, independently of those described above, as a result of the
development of continuous thick pillars within irregularly - obliquely arranged microreticular
plates of skeletons of the type of Ferestromatopora YAVORSKY (= Angulatostroma KHALFINA).
If such was the case, they would be only isochronously parallel to Neosyringostroma evolved
from Syringostroma. If, as a result of more accurate studies, it will turn out that each of the types
of Neosyringostroma referred to above belongs to a different lineage of microreticular Stroma- .
toporoidea, the necessity will ari se to separate some of the species into a distinct genus (cf. also
lineage VIII).

Lineage VI. - A lineage including the representatives of the genera Parallelopora
BARGATZKY (partly), Trupetostroma PARKS, Hermatostroma NICHOLSON and Pseudoacti­
nodictyon E. FLVGEL. This lineage is mo st probably related to cylindrical stromatoporoids
assigned to the genus Stachyodes BARGATZKY (partly) and most of the species of the genus
Idiostroma WINCHELL. A progressive oligomerization of calcification centers, manifested by
an irregular homogenization of microreticular tissue, which first included the vertical elements
of skeleton and, in later stages, also laminae (Text-fig. lOA 1- a), is a main evolutionary trend
in the development of the lineage under study. Frequently, as a result of the transformation
in microreticular tissue , trabeculae were formed in vertical elements. The process of homogeni­
zation was connected with a gradual reduction of laminae, in which foramina were formed
or laminae were replaced by dissepiments. It is likely that the reduction of laminae was caused
by an increased penetration of skeleton by coenosarc. Vertical skeletal elements are developed
mostly in the form of vertical walls and less frequently of pillars. They are perfectly superposed
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which might be evidence. of growth stabilization in calcification zones of the basal
ectoderm. ,

As mentioned in connection with the previous lineage, some of the species of Paralle/opora
were characterized by skeletal elements composed of a loose microreticular tissue. In these forms,
the tendency was marked on the one hand to thicken microreticular fibers, in particular of ver­
tical ones (e.g., .the Middle Devonian P. ostio/ata BARGATZKY, cf. LECOMPTE, 1952, PI. 51,
Fig. 3a) and, on the other, to reduction in microreticular fibers. As a resultof the former process,
in some species of Paralle/opora the thickened fibers gradually fused with .each other and formed
irregular concentrations of a homogenous substance within microreticulum (e. g., the Upper
Devonian P. p/anulata (HALL & WHITFIELD), cf. LECOMPTE, 1951, 1PI. 50, Fig . .1a; P. longitu­
bu/ata (RIABININ), PI. XXXIII, Fig. 2e). A continued homogenization of the microreticulum
led to the development of forms assigned to the genus Trupetostroma with, almost completely
homogenous skeletal elements, in which a loose, original microreticulum is preserved vestigially
forming irregular vacuoles frequently concentrated in the peripheral zone of skeletal elements
(e.g., the Middle-Upper .Devonian T. /aeeratum LECOMPTE and T. pingue LECQ~TE, PI. XXX,
Figs . 1 and 2). :In many Trupetostroma, homogenization took place more uniformly and con­
sequently no orvery few vacuoles occur in them (e. g., T. gebum (YAVORSKY), PI. XXXI,
Fig. 2a-c).

From Trupetostroma evolved forms assigned to Hermatostroma (cf. also LECOMPTE, 1952),
having a very strongly homogenized skeletal substance.and a vestigial microreticulum occurring
in the form of irregular vacuoles in the peripheral zone of vertical walls and laminae which are
additionally covered with thin, marginal plates called membranes (e.g., H. porosum [LECOMPTE),
PI. VIII, Fig. 5). In Hermatostroma, which are more advanced evolutionary, vacuoles disappear
and the peripheral zone of skeletal elements is covered by membranes only (e. g., H. perseptatum
LECOMPTE, PI. XXXIV, Fig. 2a-b). Membranes, were probably deposited by the ectoderm .of
the folds of coenosarc which penetrated deep into galleries or coenotubes during the last phases
of each, successive growth cycle of the skeleton. The appearance of membranes in Herma­
tostroma is not closely correlated with the process of the homogenization of microreticulum
and it only gives evidence for an increasing degree of folding the coenosarc. For this reason,
membranes are also recorded in species of Hermatostroma which have an only slightly changed
microreticulum (e.g., H. episcopale NICHOLSON, PI. XXXV, Fig. 1a-b).

From Paralle/opora tending to reduce microreticular fibers with a simultaneous conso­
lidation of the remaining vertical fiber s were probably evolved Middle and Upper Devonian
Pseudoactinodictyon. In this genus vertical elements occur in the form of continous, thin pillars
and of vertical walls composed of a homogenous substance' in which rare, darker spots of
calcification centers are visible in transverse sections (e. g., P. aetinostromiforme (RIABININ),

PI. XXVII, Fig. 2a-e).
In some of Pseudoaetinodietyon , vertical elements display a trabecular microstructure

(compound trabeculae) (e.g. , Pi ju xi E. FLUGEL, PI. XIX, Fig. 2e-d; ?P. dartingtonense (CARTER),
PI. XXVIII, Fig. 1b).

To the Paralle/opora-Hermatostroma lineage are directly related the forms with cylindrical
coenostea (cf. also STEARN, 1966a) such as some of Stachyodes with their skeletons either
similar in structure to those of Paralle/opora with a condensed microreticular tissue and super­
posed vertical elements (e.g. , S. paralleloporoides LECOMPTE), or of the vacuolar type cor­
responding to those of Trupetostroma (e.g. , S. radiata LECOMPTE). Likewise many species of
the genus Idiostroma represent the type of structure either of Trupetostroma (e. g., I. fili/ami­
natum LECOMPTE), or of Hermatostroma (e.g. , I. roemeri NICHOLSON).
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Lineage VII. - A lineage which includes the representatives of the genera Stromatopora
GOLDFUSS (sensu NESTOR, 1966a) , ?Salairella KHALFINA and Taleastroma GALLOWAY. The main
developmental tendencies, manifested within this lineage are as follows: a gradual condensation
of the microreticular tissue of skeletal elements, leading to its almost complete homogenization
and the development, in ' initially irregular skeletons, of clearly defined vertical elements
(Text-fig. 10B1-:l)' '

The oldest Wenlockian Stromatopora were evolved from uniform very fine reticular
skeletons in which, as a result of a differentiation in a superficially distributed coenosarc, 'there
were formed irregularly twisted canals termed as coenotubes, frequently joining each other
and intersected by thin plates of the nature of tabulae or dissepiments. Coenotubes are probably
traces left by the folds of coenosarc. A vermicular arrangement of coenotubes may be explained
by the lability of the folds referred to above , changing their position and configuration during
growth of colony. The coenotubes at first very short (e. g., the Wenlockian S. impexa NESTOR,
cf. NESTOR, 1966, PI. 16, Fig. 1), become rapidly elongated and arranged vertically (e. g., the
Ludlovian S. bekkeri NESTOR, cf. NESTOR, 1966, PI. 17, Fig. I). In many Devonian species
of Stromatopora, coenotubes are subject to further elongation and take a more vertical postion
which might give evidence for an increased growth stabilization of the folds of coenosarc
(e.g. , the Middle Devonian S. divergens GALLOWAY & ST. JEAN, PI. XXI, Fig. la~b). Conse­
quently, forms might be 'evolved assigned to the genus Salairella in which coenotubes were
replaced by autotubes, that is, long, vertical canals round in transverse outline and having
many tabulae (e.g., the Middle Devonian S. multicea KHALFINA, cf. KHALFINA, 1960,a,
PI. D-5, Fig. 3a). It is not unlikely however , that the forms with a structure of the type
of Salairella may be related to the Syringostromella-Parallelopora lineage (cf. also NESTOR,
i966, p. 48).

In addition to species of Stromatopora tending to develop vertical elements of skeleton,
there are numerous Devonian species, marked by a disorderly, vermicular trace of coenotubes
and very rare autotubes which give evidence of a considerable structural conservatism of
Stromatopora (e.g., the Middle-Upper Devonian S. stricta LECOMPTE and S. undata (RIABININ),
PI. XXII, Figs. 2 and 3).

Regardless of the structural character of their skeleton, a gradual condensation of primary
microreticular tissue is displayed by almost all Devonian species of Stromatopora. Owing to
this fact , it is relatively easy to distinguish the Silurian-Lower Devonian Stromatopora from the
younger ones, frequently identical structurally. Forms, in which, a strongly Condensed micro­
reticulum begins its homogenization, are already assigned to the genus Taleastroma, but a strict
determination of a boundary between Stromatopora and Taleastroma is frequently impossible
in taxonomic practice. This may be seen in, e. g., Stromatopora cooperi LECOMPTE, in which,
with a partial homogenization of skeletal tissue , most of the skeleton is still reticular (PI. XIX,
Fig. I c-d). The process of homogenization of the condensed microreticulum is usually marked
in central parts of vertical skeletal elements (e.g., T . conicomamillatum(GALLOWAY & ST. JEAN)"
cr. GALLOWAY, 1960, PI. 75, Fig. 3a-b), but it is only in younger Taleastroma that an almost
entire skeletal substance is homogenized and the traces of primary microreticulum are preserved
only in the marginal zone of skeletal elements (e.g. , T. confertum STEARN,PI. XXV, Fig.Zc-«).
In the development of Stromatopora, noteworthy is a gradually increasing growth rhythmics,
.which - in the older, silurian species-is only marked in the form of irregular growth inhibition
surfaces. On the other hand, many- Devonian species display horizontal, skeletalelements,
deposited periodically and resembling laminae, in which dark layers of growth inhibition occur
frequently (e.g. , S. colliculata NICHOLSON,PI.XX, Fig. 2a-b) or in which fissures on the boundary

s·
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of growth interruption surfaces are distributed very densely and at regular intervals (e. g., S. mo­
nonensis GALLOWAY & ST. JEAN, PI. XXII, Fig. I a-b).

Lineage VIII. - A lineage including forms assigned to the genera Ferestromatopora
YAVORSKY (= Angulatostroma KHALFlNA), Neosyringostroma n. gen. (partly) and Stylodictyon
NICHOLSON. Cylindrical and dendroidal stromatoporoids assigned to the genera Paramphipora
YAVORSKY, Clavidictyon SUGIYAMA and Dendrostroma LECOMPTE also are probably related
tothis lineage. The dendency to increase growth rhythmics through the formation of laminae
arid periodical growth discontinuities is observed in the development of the representatives
of this ' lineage. In some of those forms, vertical elements are strongly developed in the form
of continuous columnar pillars (Text-fig. 19b-c) or mamelon columns. As a result of a gradual
oligomerization of calcification centers, the primary microreticular tissue displays, in some
of the forms, the tendency to condensation and homogenization and, in some others, to re­
duction through an elimination of some of the fibers and thickening the rest of them.
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Fig. 19

Morphological group "B". Some of the representatives of Lineage VIII: a Ferestromatopora YAVORSKY (forms
of F. angulata (YAVORSKY) type), b Syringostroma NICHOLSON (forms of S. sherzeri (GRABAU) type), c Neosyrin­
gostroma n. gen. (forms of N. logansportense (GALLOWAY & ST.JEAN) type); all in vertical section; not to scale. lmt loose

microreticular tissue, cmt condensed microreticular tissue, It trabecular tissue

The oldest forms of the lineage under study, assigned to Ferestromatopora, were evolved,
as other microreticular stromatoporoids, as a result of the formation - in homogenous, primi­
tive; reticular skeletons - of spaces which were of the nature of irregular chambers. The presence
of these chambers differs Ferestromatopora from Stromatopora s. s., in which interskeletal
spaces are developed in the form of coeno- or autotubes. In younger'Ferestromatopora, chambers
were replaced by irregular galleries. In some of Ferestromatopora, skeletal elements have the
form of laminae, obliquely connected with each other and displaying, in vertical sections of
coenosteum, a chevron-like arrangement similar to that in the genus Ecclimadictyon NESTOR
(e.g., Ferestromatopora inornata (KHALFINA), er. KHALFINA, 1960a, PI. D-4, Fig. 2a; F. an­
gulata (YAVORSKY), er. YAVORSKY, 1947, PI. 4, Fig. 11). In some of Ferestromatopora, laminae
began to occur relatively early (e.g., the Wenlockian F. insularis MORI, er. MORI, 1968, PI. 22,
Figs. 1 and 3). As soon as laminae were formed, the interlaminar skeleton started to decrease
gradually (e~ g., the Ludlovian F. nikiforovae (RIABININ), cf. RIABININ, 1953, PI. 22, Fig. ,4).
In younger, Devonian Ferestromatopora, a further increase is observed in growth rhythmics
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of the skeleton which is expressed in more and more densely arranged laminae or growthdis­
continuity surfaces (e.g., the Upper Devonian F. uchtensis (RIABININ) or F. percanaliculata
(LECOMPTE), PI. XXIV, Figs. 1 and 2). At the same time, the microreticular tissue is subject
to strong reduction and consequently laminae become thinner and thinner, while interlaminar
elements are frequently reduced to irregular vertical walls composed of a loose reticulum
(e.g., F. eellulosa (LECOMPTE), PI. XXVI, Fig. 1). Species of Ferestromatopora, having very
strongly reduced microreticular fibers, are similar in skeletal morphology to some of Atelo­
dictyon LECOMPTE and it is not unlikely that some of the species of this genus with vertical
walls, composed of irregular reticulum, descend from Ferestromatopora.

Species assigned by the present writer to the group Ferestromatopora dubia (cr. 'Syste­
matic Part, p. 97) are similar in thick laminae and small galleries, circular or semicircular
in outline, to Parallelostroma NESTOR. They differ only in a considerably condensed micro-
structural reticulum (PI. XXVIl, Fig. 1b-e). '

In other Ferestromatopora, there were formed thick, long columnar pillars, which at
first were composed, like other skeletal elements, of microreticular tissue and represented pillars
of the type recorded in Syringostroma NICHOLSON (Text-fig, 19b). The systematic position of
such forms is rather problematic and they may be provisionally assigned with a reservation to
Syringostroma (e.g. , ?S. pseudotyrganica (KHALFINA), cf. KHALFINA, 1960a, PI. D-5, Figs. I
and 2). The microreticular tissue in columnar pillars is subject to subsequent gradual conden­
sation (e.g., S. sherzeri (GRABAU), cf. GALLOWAY & pHLERS, 1960, PI. 10, Fig. 4) and, finally­
in some of the forms - to homogenization or trabecularization, observed in forms assigned
by the writer to the new genus Neosyringostroma (e.g. , N. logansportense (GALLOWAY & ST.
JEAN), PI. XXXII, Figs. 1 and 2). Neosyringostroma, evolved from Ferestromatopora, are fre­
quently indistinguishable in practice from the Neo syringostroma which descend from the Acti­
nostromella-Syringostroma lineage (cf. 'lineage V), in particular in the case in which their inter­
pillar skeletal elements are strongly reduced or have a laminar structure. Due to the fact that
both lineages are closely related to one another and probably descend from those same ancestros,
which are uniformly microreticular, it is difficult to separate them generically. -

In some of Ferestromatopora, which developed 'laminae, very specific skeletal structures
were formed as thick, vertical columns composed of a -strongly condensed or homogenized
microreticular tissue. These columns form mamelons onthe surface fo coenosteum, Such forms,
abundantin the Middle Devonian, were assigned by Ni~HOLSON (1886a»t~ the genus Stylo­
dictyon. in the representatives of Stylodictyon, columns may be either' rare and very thick
(e.g., S. radicosum (GALLOWAY & ST. JEAN), cf. GALLOWAY & ST. JEAN, 1957, PI. 18, Fig. 1),
or numerous, occupying considerable part of the volume of skeleton and much thinner (e.g.,
S. subfuscum (GALLOWAY & ST. JEAN), er. GALLOWAY & ST. JEAN, 1957, PI. 18, Fig. 3). The
fact of a general formation of vertical elements of the type of columnar pillars and mamelon
columns in the representatives of the lineage under study may be explained as a compensation
for a poor development of normal pillars which, in nearly all groups of the stromatoporoids,
is manifested as a general tendency to the development and growth stabilization of vertical
skeletal 'elements that is, the main supports for coenosarc as it shifts upwards.

Line,age'IX. - A lineage including the 'represen ta(ives of the genera Hermatostromella
K,HALFINA (= ?Gerro/1odietyon BOGOYAVLENSKAYA) and Gerronostroma YAVORSKY. An early
development of very regular skeletons composed of laminae and pillars, which gradually reduce
their thickness, is a progressive character of this lineage. This proces is accompanied by a strong
condensation of microreticular tissue. The progressive folding of coenosarc led to the de-
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velopment, in some forms of this lineage, of rounded galleries and foramina, indicating an
increase in the penetration tof skeleton by coenosarc (Text-fig. 20 Al - 2) .

cmt

A

B

1

1

--i>

2

2
i Fig. 20

Morphological group "B". A - genera representing Lineage IX (see p, 69): 1 Hermatostromella KHALFINA, 2 Gerro­
nostroma YAVORSKY; B - genera representing Lineage X (see p, 71): 1 Stictostroma PARKS, 2 Stromatoporella NI­

CHOLSON ; all in vertical section ; not to scale. Imt loose microreticular tissue, cmt condensed microreticular tissue, ofopen
foramina, cf closed fromaina, orp open ring-pillars, crp closed ring-pillars, gis growth inhibition surfaces

The Upper Silurian-Lower Devonian Hermatostromella were probably evolved from
homogenous, very fine-reticular stromatoporoids in which - as a result of the formation
of interske1etal spaces of the nature of galleries - skeleton was disintegrated into thick laminae
and pillars and less frequently into vertical walls superposed on each other to a considerable
extent (e. g., the Upper Silurian, H. sibirica (YAVORSKY), PI. XI, Fig. 5; the Lower Devonian
H. parasitica KHALFINA, cf. KHALFINA , 1960a, PI. S-5, Fig. I a-b). Thick and regularly deposited
laminae in Hermatostromella, as well as rounded galleries, give evidence of rhythmical growth
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and folding of coenosarc which penetrated into the gall erie s of skeleton. It was relatively as
earlyas the Upper Silurian that in the laminae of some of Hermatostromella there appeared
foramina which indicated an increase in the degree of'penetration of skeleton by coenosarc
(e.g., the Ludlovian H. incisa (BOGOYAVLENSKAYA); ' cf. BOGOYAVLENSKAYA, 1969b PI. 3,
Fig. 2a-b).

Hermatostromella are directly related to forms assigned to Gerronostroma with a very
regular, lattice-like arrangement of laminae and pillars '(Text-fig. 20Al - 2) . As compared with
Hermatostromella the pillars of Gerronostroma are much more superposed and ,their laminae,
having foramina , very strongly reduced (e.g., the Middle Devonian G. elegans YAVORSKY,
cf. YAVORSKY, 1931 , PI. 2, Figs. 3-6).

Lineage X. - A lineage including forms assigned to the genera l Stictostroma PARKS,
Stromatoporella NICHOLSON ( := TIubuliporella KHALFINA and ?Styloporella KHALFINA) and
Clathrocoilona YAVORSKY (= Synthetostroma LECOMPTE).

A gradual reduction of well developed laminae, at first expressed in a gradual decrease
in the thickness of laminae and afterwards in the formation ofnumerous foramina and ring-pillars
(Text-fig. 20Bl - 2) is observed in the development of thi s lineage. Vertical elements in the form
of pillars and vertical walls , at first irregular, gradually take a spoo l-shaped outline and, at
the same time, skeleta l galleries became round. The microreticular tissue is subject to strong
condensation and, in some of the younger forms, homogenization.

Some of the Silurian stromatoporoids, somewhat similar in structure to the genus Pa­
rallelostroma NESTOR, but with a finer microreticulum and more irregular, twisted laminae
and pillars or vertical walls, were probably ancestral forms of the lineage under study. The
features named above are characteristic for Stromatopora dniestrensis RIABININ, Stromatopora
lamellosa YAVORSKY and Stromatopora pseudokaugatomica RIABININ described by RIABININ
(1953) from the Silurian of Podolia. As a result of a strong reduction in laminae and development
of straight pillars, such forms might evolve into th e Devonian Stictostroma, in which micro­
reticulum in skeletal elements was st rongly condensed and growth inhbition surfaces (e. g., S. iv­
dellense (YAVORSKY), PI. XI, Fig. 3a-b) or irregular fissures of growth interruption (e. g., S. ko­
Iymense (YAVORSKY), PI. XI , Fig. 6) occurred in laminae. In most of Stictostroma galleries
are already round in otuline and more or less numerous foramina appear in laminae (PI. XVI,
Figs. 1-3).

Stromatoporella, in which ring-pillars are formed around foramina , are a direct evolu­
tionary continuation of Stictostroma, The number and manner of distributing ring-pillars
in the skeletons of Stromatoporella are variable. They range from rare and irregular (e.g., S. mu­
dlakensis GALLOWAY, PI. XVllI, Fig. 1), through very numerous but limited to one interlaminar
space (e.g. , S. perannulata GALLOWAY & ST. JEAN, cf. GALLOWAY & ST. JEAN, 1957, PI. 9,
Fig. 3a-b), up to superposed and forming longer or shorter vertical tubes, penetrating through
several laminae and intersected by tabulae (e.g. , S. altaica (KHALFlNA), cf. KHALFINA, 1968b,
PI. 2, Fig. 3a).

The structural type of Stictostroma is also represented by forms assigned to the genus
Clathrocoilona. But these forms, despite their fairly well defined straight or spool-shaped pillars,
have, however , laminae which are considerably thicker, more irregular than those in Sticto­
stroma and frequently with growth interruption fissures (e. g. , C. abeona YAVORSKY, cf. GALLO­
WAY & ST. JEAN, 1957, PI. 21 , Fig. 3a-b). In part of the species of Clathrocoilona, the thickness
of laminae was also subject to gradual reduction, but they always had a very irregular and
frayed appearance. Closely spaced dissepiments usuall y occur in increasing interlaminar spaces
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which are frequently outlined like angular galleries (e.g. , C. sokolovi (KHALFINA), cf. KHALFINA,

1960, PI. D-12, Fig. 2a-b).
Forms with irregular laminae, few foramina, pillars limited to one interlaminar space

and composed of a loose microreticular tissue, displaying a tendency to reduce fibers , probably
make up a side-branch of Clathrocoilona. It is until now that such forms having had no clear
taxonomic position, are most frequently assigned to Stromatopora GOLDFUSS or Trupetostroma
PARKS (e.g., .Stromatopora" pellucida YAVORSKY, PI. XI , Fig. 1; .Jrupetostromo" spatiosum
YAVORSKY, PI. IX, Fig. 5; PI. X, Fig. 4).



SYSTEMATIC PART

MORPHOLOGICAL GROUP "A"

Genus TIENODICTYON YABE & SYGIYAMA, 1941

Type species: Tienodictyon zonatum Y ABE & S YGIYAMA, 1941 ; Middle Devonian , China (Eastern Yunnan).

1941. Tienodictyon ; YAB E & SUGIYAMA, p. 139.
1957. Ttenodlctyon ; GALLOWAY, p. 456.
1956. Tienodictyon; L ECOMPTE, p, F 137.
1965. Tienodictyon ; BOGOYAVLENSKAYA, p. 37.
1966a. Hammatostroma; STEARN, p. 92.
1966b. Hammatostroma; STEARN, p. 44.
1968. Tienodictyon ; FLUGEL & FLUGEL-KAHLER, p, 579.
1968. Hammatostroma ; FLUGEL & FLUGEL-KAHLER, p. 546.
1969. Tienodictyon; STEARN, p. 755.
1969. Hammatostroma; STEARN, p. 757.

Diagnosis. - Laminae compact, with rare foramina; pillars, restricted to one interlaminar
space , are of two type s : straight and mo re or less irregularly bent, sometimes forming
secondary laminae; dissepiments common; microstructure fibro-normal.

Discussion. - Tienodictyon differs from the genera Simplexodictyon BOGOYAVLENSKAYA
and Anosty lostroma PARKS, related to it by their microstructure, in a characteristic folding of
its skeletal elements within the interlaminar space and , from Pseudostromatoporella n. gen.,
in a lack or very rare foramina . . . .

The type species was described from the deposits whose age was determined on the basis
of Amphipora ramosa, occurring in them, as the Devonian, probably the Middle Devonian. On
the basis of only the type of microstructure of Tienodictyon zonatum, called, in the original
description, trabecular, Devonian age of thi s species was, however, questioned by GALLOWAY
(1957) who referred it to the Mesozoic order Sphaeractinoidea. The Devonian age of the re­
presentatives of Tienodictyon was, on the other hand, confirmed by many specimens of this genus
found and described by BOGOYAVLENSKAYA (1965) from the Devonian of Northern Ural Mts.
At the same time , BOGOYAVLENSKAYA conducted an analysis of the species assigned to Tieno­
dictyon, including in it some species of Clathrodictyon, described by YAVORSKY (c. tschuso­
vense YAVORSKY, 1930; C. katavense YAVORSKY, 1930) and acknowledging the genus Hamma­
tostroma STEARN, 1961 to be a younger synonym of the genus Tienodictyon. The latter view
of BOGOYAVLENSKAYA, along with similar suggestions of NESTOR (I966a) and FLUGEL& FLU­
GEL-KAHLER (1968) were called in que stion by STEARN (1969) who continued to consider
Hammatostroma as a separate genus. In the present writer's opinion, the characters which ,
according to STEARN'S diagnosis (1969) are supposed to differ Hammatostroma from Tieno-
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dictyon, that is, a greater extent of bending skeletal elements in the interlaminar space and,
consequnetly, less strongly expressed pillars, are not sufficient to accept Hammatostroma
and Tienodictyon as separate genera.

Tienodictyon represents a link in the morphological lineage of stromatoporoids with the
fibro-norrnal microstructure which leads from the Silurian Clathrodictyon, through the Silurian­
Lower Devonian Simplexodictyon, to Tienodictyon and, subsequently, through an increase in
the number of foramina and formation of ring-pillars , to Pseudostromatoporella n. gen. The
genus Anostylostroma seems to be a side-branch of this lineage.

Within the genus Tienodictyon, the following three groups may be separate on the basis of
a progressively increasing degree of folding of skeletal elements in the interlaminar space:
1) A group of Tienodictyon carnicum, in which most pillars still straightly intersect the inter­

laminar space and only rare ones are slightly bent and may form indistinct secondary la­
minae.
Species: T. carnicum (CHARLESWORTH, 1915),

T. undatum (YAVORSKY, 1950).
2) A group of Tienodictyon zonatum, in which skeletal elements in the interlaminar space

already form distinct zones of tangled pillars joining each other to form secondary laminae
from which straight pillars proper detach themselves subsequently. \
Species: T. zonatum YABE & SUGIYAMA, 1941,

T. tschusovense (YAVORSKY, 1930),
T. katavense (YAVORSKY, 1930),
T. rarum BOOOYAVLENSKAYA, 1965.

3) A group of Tienodictyon albertense, in which skeletal elements in the interlaminar .space
are folded to the highest degree and in which tangled pillars only now and then
form vestigial secondary laminae. The pillars proper are very short or do not occur at all.
Species: T. albertense (STEARN, 1961),

T. delicatulum (KLOVAN, 1966),
T. nodosum (KLOVAN, 1966),
T. rectum (YAvORSKY, 1967).

Stratigraphic and geographical range. - Middle Devonian: China; Middle and Upper
Devonian: Canada (Alberta, Canadian Rocky Mts.), USSR (Ural, Timan), Poland (Western
Holy Cross Mts.).

Tienodictyon zonatum YABE & SUGIYAMA, 1941

(PI. XII, Figs. 1a, band 2a , b)

1941. Tienodictyon zonatum YABE & SUGlYAMA; H. YABE & T. SUGlYAMA, Tienodictyon ... pp. 139-141, Figs. 1-6..
non 1965. Tienodictyon zonatum YABE & SUGlYAMA; O. V. BOGOYAVLENSKAYA, Rod ... , p. 38, PI. 4, Figs. 1-3.

1968. Tienodictyon zonaturn YABE & SUOIYAW. ; E. FLuoEL & E. FLuoEL-KAHLER, Foss. Cat ., Pt. 116. p. 492.
1969.' Tienodictyon zonatum YABE& SUGlYAMA; c.w. STEARN, The stromatoporoid ... pp . 755-757, PI. 99, Figs. 1-2;

PI. 100, Fig. I.

Localities. - Radkowice, Soltysia Hill (Ioc. 11); Checiny, Zamkowa (Castle) Hill (Ioc. 9).

Material. -;- Two fragmentary (Z. Pal. S1. 1/5-6) and three complete (Z. Pal. S1. 1/9-11)
colonies.
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Dimensions (in mm):

L a m i nae P i l l a r s IZ. Pal.
Cat . No. max/6mm I min/6mm I thickness max/6mm I min/6mm I thickness

St. 1/5 5 4 0.07-0.24 6 10 0.12-0.22

I St. 1/ 11 5 4 0.10-0.22 7 9 0.11-0.22

Description. - Coenosteum massive, irregularly hemispherical, on the average a dozen
or so cm in diameter ; its surface gently folded , smooth.

Laminae conspicuous, compact, slightly vary , frequently gently overlapping each other
tangentially. In some places steeply bent laminae form mamelons which do not exceed in height
one interlaminar space. ,Rare foramina and still rarer ring-pillars formed by upturned laminae
(PI. XII, Fig. I b) occur in laminae. Both are covered by flat or convex tabulae. Foramina may
also occur superposing each other by a few successively overlaying laminae. A zone of short
pillars, vermicularly connected with each othe r and which, together with dissepiments which
additionally bind them to each other, form a sort of a secondary lamina, occurs in the lower
part of the interlaminar spaces approximately at one third of their height. Straight, cylindrical
pillars, joining an overlaying lamina, detach themselves from this zone and run upwards sub-. ,
vertically. In addition to the two types of pillars referred to abo ve, there also occur straight,
cylindrical pillars which run perpendicular or obliquely to the surface of lamin ae.

Microstructure of laminae fibro-normal , with a dark zone sometimes visible at the base
and of pillars - fibro-normal with a dark line in the axial part.

Discussion. - The specimens described are conspecific with the holotype, recently revised
by STEARN (1969). In significant differences in an average thickness of laminae and number
of pillars that occur over a length of 6 mm are contained within an interval limits of specific
variability. Similarly small deviations from the holotype of T. zonatum are displayed by two
species assigned by the writer to the group Tienodictyon zonatum, that is, T. tschusovense YAV.
and .T. rarum BOG. As a result of the revision, it may turn out that they should be assigned
toT. zonatum, the more so as they occur almost synchronously with it. Tienodictyon zonatum
differs from Tienodictyon katavense YAVORSKY in a more strongly expressed zone of tangled
pillars and a greater number of foramina in laminae.

Stratigraphic and geographical range. - Middle Devonian, China (Eastern Yunnan),
USSR (Northern Ural) , Poland (Western Holy Cro ss Mts.).

Tienodictyon albertense (STEARN, 1961)

(PI. XII. Figs. 3a, b)

1961. Hammatostroma albertense STEARN; C. W. STEARN. De vonian .. ., pp . 940-941. PI. 106, Figs. 2-4.
?1965. Tienodictyon zonatum YABE & SYGIYAMA ; O. V. BoGOYAVLENSKAYA. Rod .. .• p. 38, PI. 4, Fi gs. 1-3.
1966b . Hammatostroma albertense STEARN; C. W. STEARN, Upper. .. , p. 45, PI. 13, Fig . 3 ; PI. 26 ; F ig. 3.
1966. Hammatostroma albertense STEARN; J. E. KLOVAN, Upper ... , p. 13, PI. 3. Fig. l a-b.
1966. Hammatostroma cf. albertense STEARN; J. E. K LOVAN, Upper. .. , p. 11, PI. 2, Fig. Sa-b.

?1966. Hammatostroma nodosum KLOVAN; J. E. KLOVAN, Up per ... , p. 13, PI. 3. Fig. 3.
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1968. Hammatostroma albertense STEARN; E. FLOGEL & E. FLOGEL-KAHLER, Foss. Cat. pt. 115, p. 20.
1969. Hammatostroma albertense STEARN; C. W. STEARN, The stromatoporoid ... , pp. 757-758, PI. 99, Figs. 7-8.

Localities. -Jaworznia-Moczydlo Hill (loc. 25), Bolechowice - .Panek'' quarry (loc. 16).

Material. - Four large fragments of colonies (Z. Pal. St. 1/7 and 12 to 14).

Dimensions (in mm):

Laminae Pillars
Z. Pal.

Cat . No. max/6 mm I min/6mm I thickness max/6 mm I min/6 mm I thickness

I
St. 1/7 6 3 0.10-0.12 - - 0.07-0.17
St. 1/12 5 3 0.08-0.12 - - 0.07-0.15
St. 1/14 7 4 0.07-0.12 - - 0.07-0.17

I

Description. - Coenosteum massive, hemispherical, 15 cm in diameter at the base and 7
to 10 cm high. Surface slightly folded, smooth.

Laminae conspicuous, solid, strongly folded, rarely interrupted by foramina which are
mostly closed by convex cyst plates. Small mamelons whose height does not exceed the size
of one interlaminar space are formed sometimes as a result of the bend of laminae. Laminae
are irregularly spaced, but no regular latilaminae are observed. Microstructure of . laminae
fibro-normal, with a dark line preserved sometimes at the base of a lamina. Pillars, confined
to one interlaminar space, are irregularly bent and sometimes form secondary laminae.
Cylindrical pillars, visible in tangential sections in the form of isolated dots (PI. XII, Fig. 3b)
run vertically or obliquely from a secondary lamina situated halfway or at two thirds .of the
height of. an interlaminar space. Microstructure of pillars fibro-normal , with a park axial line
visible in the well-preserved specimens. .

Discussion. - The specimens described are identical with the illustrations of the holotype
(STEARN, 1961 , 1969). Insignificant differences in the dimensions of skeletal elements are caused
by frequent growth disorders and are contained within the interval of specific variability. As
mentioned in the discussion of the genus, Tienodictyon albertense is a representative of the group
of Tienodictyon species with most strongly folded pillars. In addition to the species mentioned
in the synonymy, such species as, T. rectum (YAV.) and T. delicatulum (KLOVAN) whose separa­
tion is based on only small differences in dimensions, should be probably included in this species.
T. albertense differs from the species of the group of T. zonatum and T. carnicum in a higher
degree of entanglement of pillars and in secondary laminae which are situated less conspi­
cuously and higher up in the interlaminar space.

Stratigraphic and geographical range. - Middle (?) and Upper Devonian of Canada (Al­
berta, Northwest Territories); Middle Devonian of the USSR (Northern Ural); Middle (Upper
Givetian) and Upper (Frasnian) Devonian of Poland (Western Holy Cross Mts.).

Genus PSEUDOSTROMATOPORELLA n. gen.

Type species: Stictostroma huronense PARKS, 1936; Middle Dcvonian (Hamilton Formation) of the U. S. A. (AI­
pena, Michigan).

Derivation of the name: pseudo = Lat. alleged, supposed , Stromatoporella = a genus of the Stromatoporoidea
erected by Nicholson (1886).
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Diagnosis. - Laminae conspicuous, compact , with many foramina. Pillars restricted
to one interlaminar space, straight (spool-shaped or cylindrical) or irregularly bent. Common
ring-pillars formed by the upturns of laminae. Many cyst plates and dissepiments. Micro­
structure fibro-normal.

Discussion. - The genus Pseudostromatoporella has been separated on the basis of some
species which until now were included in th e genus Stroinatoporella NICHOLSON. The latter was
hitherto understood by different authors not identically. Some of them (e.g. NICHOLSON, 1886;
LECOMPTE, 1951) believed that regularly developed, spool-shaped pillars restricted to one inter­
laminar space only and straight laminae are the main diagnostic character of Stromatoporella.
In their opinion, skeletal elements of Stromatoporella have microstructure similar to that of
the forms of the genu s S tromatopora s.L, that is, ret icular or cellular. Some other authors
(e.g. PARKS, 1936; GALLOWAY& ST. JEAN, 1957; ST. JEAN, 1967) emphasized an all-important
diagnostic significanc e of ring-pillars. Under such circumstances, forms with a similar arran­
gement of skeletal elements but with radically different microstructures- were placed within
the genus Stromatoporella. On th e basis of comparisons with the holotype of S. granulata
(type species) attention was attracted by STEARN (1966b) to an improper assignment to Stroma­
toporella of the species which had not ring-pillars and laminae with a cellular microstructure .

Fundamental differences in th e micro structure of Stromatoporella and Pseudostromato­
porella are indicative of, on the one hand, a different (diphyletic) origin of both genera and,
on the other, of a parallel and synchronous development of an almost identical system of skeletal
elements, connected with one and the same trend in the modifications of the coenosarc (see
General Part). The appearance of foramina in laminae, which subsequently transform into
ring-pillars, is ob served in various stages of complication of vertical elements of coenosteum
as recorded in, for instance, a group of forms related to Pseudostromatoporella such as, Sim­
plexodictyon BOGOYAVLENSKAYA, Anostylostroma PARKS or Tienodictyon YABE & SUGIYAMA.
In the present writer's opinion, the species of the genera referred to above which display the
pre sence of ring-pillars should also be transferred to Pseudostromatoporella n. gen.

. The following two groups stand apart within th e range of species referred to Pseudo­
stromatoporella n. gen.:
I) A group of Pseudostromatoporella huronensis which contains species with many foramina

and ring-pillars. The pillar s proper a re in thi s group straight or straight and bifurcated
in th e upper part and cylindrical or spool-shaped in outline.

. ' Species : P. huronensis (PARKS, 1936),
?P. cellulosa (NICHOLSON & Munrs, 1878),
P. eriensis (PARKS, 1936),
P. moosensis (PARKS, 1904),
P. insularis (PARKS, 1936),

?P. solitaria (NICHOLSON, 1886),
?P. tuberculata (NICHOLSON, 1873),
P. sniatkovi (YAVORSKY, 1931),
P. duplex (KHALFINA, 1953),
P. perelegans (KHALFINA, 1956b),
P. columbusensis (GALLOWAY & ST. JEAN, 1957).

2} A group of Pseudostromatoporella insolita which contains species with many foramina and
ring-pillars, but with mo re or less irregularly bent pillars which may form secondary laminae
in the interlaminar space.
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Species: P. insolita (YAvORSKY, 1950),
P. loutougini (YAVORSKY, 1931),
P. voltschensis (YAvORSKY, 1950),
P . gapeevi (YAVORSKY, 1950),
P. abensis (YAVORSKY, 1950),

?P. convicta (YAVORSKY, 1950),
?P. tyrganensis (YAVORSKY, ' 1950).

Stratigraphic and geographical range. - Lower Devonian (rare): USSR (Salair); Middle
Devonian : USA (Michigan, Ohio , Indiana), USSR (Kuznetsk Basin); Poland (Western Holy
Cross Mts.); Upper Devonian: USSR (Salair), Poland (Western Holy Cross Mts.) . .

Pseudostromatoporella huronensis (PARKS, 1936)

(pI. XIII, Fig . 1a-d)

1936. ,St;ctostroma huronense PARKS ; W. A. PARKS, Devonian .. ., p. 83, PI. 7, Figs. 1-3.
(part) 1951. Stromatoporella saginata LECOMPTE; M. LECOMPTE, Les Stromatoporoldes .. ., p. 171, PI. 23, Figs. 1-3.

1957. Stromatoporella huronensis (PARKS) ; J. J. GALLOWAY, Structure .. ., PI. 36, Fig. 6.
1957.' Stromatoporella huronensis (PARKS) ; J . J . GALLOWAY & J. ST. JEAN, Middle .. ., p. 139, PI. 9, Fig. I a-d.
1968. Stictostroma huronense PARKS; E. FLUOEL & E. FLUGEL-KAHLER, Foss Cat. pt. 115, p. 192.

Locality. - Wietrznia quarry (loc. 34).

Material. - One large colony (Z. Pal. St. 1/237).
Dimensions (in mm):

'" Laminae Pi lla rs
Z. Pal

Cat. No.
:

.1 I I Imax/2mm min/2mm thickness max /2mm min/2mm thickness

St. 1/237 A 10 6 0.04-0.10 8 5 0.07-0.10
St. 1/237 B 10 7 0.03-0.11 8 6 0.05-0.10

Description. - Coenosteum solid, shaped like a flattened bell 52 cm in diameter at the
base and 35 cm high. Conspicuous mamelons 3 to 5 cm high , mostly with an astrorhiza in the
central part, occur on the surface.

Laminae well developed, with ' fibro-norrnal or compact (in poorly preserved parts)
microstructure and, with very numerous foramina. Spaces between laminae strongly varying
within one and the same colony. In the zone of mamelons (astrorhizae), laminae are more
densely arranged and thicker, while further from them laminae are more widely spaced and
thinner (PI. XIII, Fig . 1a, c). Similarly arranged are the spool-shaped pillars restricted to
one interlaminar space . Very numerous ring-pillars are formed as .a result of an upturn of
laminae near foramina. Ring-pillars are 0·25 to 0·35 mm in outer diameter and their height
on the average equals a half of an interlaminar space, only rarely reaching .an overlaying
lamina. Some of them are incompletely developed and in - tangential section C-shaped in
outline. ""Microstructure of , ring-pillars and cylindrical pillars is fibre-normal or, in , worse
preserved parts of the colony, compact. Dissepiments not very numerous. Foramina and
ring-pillars are covered with cyst plates.
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Discussion. - Pseudostromatoporella huronensis displays a considerable similarity to
Pseudostromatoporella eriensis (PARKS) and ?Pseudostromatoporella solitaria (NICHOLSON).
According to GALLOWAY &.sT. JEAN (1957), these species differ from one another in characters
insignificant diagnostically such as. . the size of mamelons, frequ ency of the occurrence of
astrorhizae and a variable number of pillars. As a result of the revision , it may turn out that
P. huronensis and P. eriensis ·should .be considered as younger synonyms of P. solitaria. Pseudo­
stromatoporella huronensis differs from the species of the group Pseudostromatoporella insolita
in straight ,pillars which are not connected with each other in the interlaminar space.

Stratigraphic and geographical range. - Middle Devonian : the USA (Michigan, Ohio ,
Indiana) ; Upper Devonian (Frasnian): Belgium (Dinant Basin), Poland (Western Holy
Cross Mts.),

Pseudostromatoporella moosensis (PARKS, 1904)
! .

(PI. XIV. Fig. I a-c)

1904. Actinostroma moosensis PARKS ; W. A. PARKS. Devonian ... . p, 183. PI. 2. Fig. 3; PI. 3, Figs. 3-4.
1936. Clathrodictyon moosense (PARKS) ; W. 'A. PARKS, Devonian .... p, 34; PI. 8, Figs. 3-4.

?1951. Clathrodictyon amygdaloides var. s;lbvesicu/~sum LECOMPTE; M . LECOMPTE, Les Stromatoporoides ... . p.143 . PI. 18.
Figs. 3, 3a, b.

1968. Actinostroma moosense PARKS; E. FLUGEL & , E. FLUGEL-KAHLER, Fo ss. Cat ., pt, 15, p, 276.

Locality. - Radkowice-Soltysia Hill (loc. 11).

Material. - Two large fragments of colonie s (Z. Pal. St. 1/242 and 243).
Dimensions (in mm):

Lam ina e -_ . . .- . P illar s
Z. Pal.

Cat. No. max/2mm I min/2 nun I thickness _.max/2 mm I min/2mm I thickness

St. 1/242 9 8 0.05-0.08 8 7 0.07-0.09
St. 1/243 8 6 0.05-n.08 7 '6 0.5 - 0.14

.. ......

Description. - Coenosteum solid, the fragments available are 8 x 5 x 5 cmin size. The
character of surface indiscernible. Indistinct latilaminae occur on broken lateral surfaces.
Laminae clearly visible, consp icuous.imostly gently undulated, with widely spaced mamelons
which are 2 to 5 mm high. Numerous foramina, sometimes turning into lowring-pillars. ioccur
in laminae. In the region of mamelons, skeletal elements are dearly thicker' and 'condensed.
Astrorhizae of the type of integrata (iUZMIERCZAK; '1969) aresituatedcentrally along the axis
of mamelons. Thickness and spacing of laminae irregular. PiIiars; restric ted to oneinterlaminar
space, are straight, cylindrical or spool-shaped, isolated or connected with each other' to form ,
short, C-shaped in tangential section vertical walls. There also occur slightly bent .pillars which
sometimes branched in the upper part. Pillars are oriented vertically or, less frequently, slightly
obliquel y to the surface of laminae. Galleries suboval or subrectangular. Thickness-of pillars
rather considerably differentiated (cf. dimensions): between closely spaced laminaepillars are
thicker and spool-shaped and in the case of wider spaced laminae they a re thin and .cylindrical.
Microstructure of skeletal elements fibro-no rmal or ' compact .
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Discussion. - Pseudostromatoporella moosensis differs from P. huronensis in less numerous
and less strongly developed ring-pillars and sometimes branched cylindrical pillars. The latter
character relates P. moosensis to the representatives of the genu s Anostylostroma PARKS.
Transferring the species Actinostroma moosensis, originally described by him , to the genu s
Clathrodictyon NICHOLSON & MURIE, PARKS emphasized however that it was to a considerable
extent related to the representatives of S tromatoporella NICHOLSON, to which thi s species was
subsequently assigned by GALLOWAY & ST. JEAN (1957). In the parts of its coenosteum with
more strongly bent pillars, P. moosensis resemble s some species of Tienodictyon YABE,& Su­
GIYAMA, but secondary laminae cha racteristic of the latter have never been ob served in
P. moosensis.

Stratigraphic and geographical range. - Middle De von ian: Canada (Ontario), ?Belgium
(Dinant), Poland (Givetian, Western Holy Cross Mts.).

Pseudostromatoperella damnoniensis (NICHOLSON, 1886)

(PI. XV, Fig . 2a-c)

1886a. Stromatoporella dammoniensis NICHOLSON; H. A. NICHOLSON, On some .. ., p. 237, PI. 8, Figs. 3-4.
1968. Stromatoporella dammoniensis NICHOLSON; E. FLUGEL & E. FLUGEL-KAHLER, Fo ss. Cat. , pt. 115, p. 123 (with

synon ymy).

Localities. - Karcz6wka Hill (loc. 30), Dalnia and Grabina Hills (loc. 29).

Material. - Two specimens : a complete colony (Z. Pal. St. 1/213) and a fragment
(Z. Pal. St. 1/232).

Dimensions (in mm) :

La mi n ae P i I la r s IZ. Pal.
Cat . No. max/2mm I min/2 mm I th ickness max/2 mm I min/2 mm I thickness,.

St. 1/213 10 7 0.05-0.10 9 8 0.08-0.13
St. 1/232, 7 6 0.07-0.1 2 7 6 0.07-0.15

Description. - Coenosteum solid, bulbous or cylindrical. Dimensions of the bulbous
colony are 15 x 8 x 10 cm. Surface smooth or with mamelons.

Laminae not very clearly outlined, frequently irregular, thick, with many foramina and
rarer ring-pillars, sometimes conically closed at the top. Ring-pillars large, O'3 to 0·4 mm in outer
diameter, with walls as thick as laminae. Pillars thick, limited by one interlaminar space, straight,
cylindrical in longitudinal section, frequently connected with each other to form short, vermi­
cularly curved, vertical walls. Some pillars superposed. Tabulae and dissepiments very rare
or lacking. Microstructure fibro-normal. No astrorhizae observed.

Discussion. - Very thick laminae and pillars, the latter displaying a distinct tendency
to superposition, are characteristic features of the species under study. A mean number of
ring-pillars may, within the species, considerably fluctuate in relation to the holotype. For
instance, P . damnoniens is, described by KLOVAN (1966) from the Upper Devonian (Upper
Leduc Formation) of Canada has no ring-pilla rs. In the parts of coenosteum with a lesser
number of foramina, P. damnoniensis is similar to some species of Anostylostroma PARKS
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(for instance, A. dupontense GALLOWAY & ST. JEAN), from which it differs, however, in a lack
of branched pillars .

Stratigraphic and geographical range. - Middle Devonian: England, Germany, Canada ;
Upper Devonian (Frasnian): Canada (Northwest Territories), Belgium (Dinant Basin), Poland
(Western Holy Cross Mts.).

Genus ANOSTYLOSTROMA PARKS, 1936

Type species: Anostylostroma hamiltonense PARKS, 1936; Middle Devonian (Hamilton Formation), the USA
(Michigan).

Diagnosis. - Laminae conspicuous, with very rare foramina. Pillars limited to one inter­
laminar space, isolated, straight, mostly branched at the top, sometimes superposed. Columns
formed by thickened pillars or bent and superposed segments of laminae may also occur.
Tabuale and dissepiments not very numerous. Microstructure fibro-normal,

Discussion. - Anostylostroma belongs to the best studied and defined genera of the Stro­
matoporoidea. Most of its species were described from the area of North America. PARKS'
typical material was revised by GALLOWAY (1967) and STEARN (1966 b). According to these
authors, the microstructure of Anostylostroma is transversely fibrous, but they did not determine
whether it is original or secondary since they observed its transition into compact or into what
is known as melanosperhical microstructure. In the present writer 's opinion, the transversely
fibrous microstructure is an original one, much the same as observed in the genera Simplexo­
dictyon BOGOYAVLENSKAYA, Tienodictyon YABE & SUGIYAMA and Pseudostomatoporella n. gen.
genera closely related to Anostylostroma, from which the latter differs however, 'in characteristi­
cally branched pillars, much less numerous foramina and a lack of ring-pillars.

Stratigraphic and geographical range. - Middle Devonian: cosmopolite and abundant
in North America , less so in Eurasia; Upper Devonian (less frequent): Canada, Belgium.
the USSR, Poland.

Anostylostroma ponderosum (NICHOLSON, 1875)

(PI. XIV, Figs. 2a, b and 3)

1875. Stromatopora ponderosa NICHOLSON; H. A. NICHOLSON, Descriptions..., p, 246, PI. 24, Figs. 4, 4a-b.
1936. Clathrodictyon ponderosum (NICHOLSON); W. A. PARKS, Devonian .... p. 42. PI. 5, Figs. 5-6.
1956. Clathrodictyon ponderosum (NICHOLSON) ; E. FLUGEL, Revision .... p. 49.
1957. Anostylostroma ponderosum (NICHOLSON): J. J. GALLOWAY & J. ST. 'JEAN. Middle ..., p. 111. PI. 4,

Figs. 2a-b.
?1962. Anostylostroma ponderosum (NICHOLSON); J. A. FAGERSTROM, Middle ..., p, 245, PI. 65, Figs. 1-8.
1968. Stromatopora ponderosa NICHOLSON; E. FLUGEL and E. FLOGEL-KAHLER, Foss. Cat. pt. 115, p. 326.

Localities. - Kadzielnia quarry (loc. 33) and Bolechowice - .Panek" quarry
(Ioc, 16).

Material. - Two colonies (Z. Pal. St. 1/214 and 215).
P al aeontologla Polonica No . 26 6
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Dimensions (in mm) :
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Laminae Pillars
Z. Pal. .

Cat. No. max/2mm I min/2mm I thickness max/2mm I min/2rnm I thickness

St. 1/214 10 8 0.07-0.11 8 7 0.05-0.15
St. 1/215 10 9 0.05-0.09 10 10 0.Q7-O.11

Description. - Coeno steum large , massive, irregularly hemispherical, 30 cm in diameter
at the base and 20 cm high. Surface with conspicuous astrorhizal mamelons. Indistinct lati­
laminae on the broken lateral surfaces .

Laminae solid, thick, with very rare foramina , strongly bent in the zone of astrorhizal
mamelons. Pillars restricted by one interlaminar space, straight, cylindrical in longitudinal
section and sometimes slightly branched at the top. Pillars usually somewhat darker in tint
than laminae. Some of the pillars superposed through several laminae. Dissepiments rare.
Skeletal elements in the zone of mamelons condensed. Astrorhizae of the "separate" type,
(KAZMIERCZAK, 1969) occurring in the central part of mamelons. Microstructure compact,
fibre-normal microstructure preserved here nad the re.

Discussion. - The specimens under study are almost identical with NICHOLSON'Soriginal,
whose description was supplemented by GALLOWAY & ST. JEAN (1957). Specimens, described
by FAGERSTROM (1962) as A . pondero sum have reticular laminae and probably belong to the
genus A telodictyon LEC. A .ponderosum conspicuously differs from other species ofAnosty/ostroma
in a small number of bifurcated pillars and their frequent vertical superposition.

Stratigraphic and geographical range. - Middle Devonian: USA (Indiana, Ohio) ; Upper
Devonian (Frasnian): Poland (Western Holy Cross Mt s.),

Morphological group "Bit

Genus STICTOSTROMA PARKS, 1936

Type species: Stictostroma mamillife rum G ALLOW AY & S T. JEAN, 1957; Middle Devonian (Onondaga limestone),
Canada (Ontario) .

Diagnosis. - Laminae well developed, sometimes with rare foramina. Pillars limited to
one interlaminar space, straight, cylindrical or spool-shaped, sometimes connected with each
other to form longer or shorter vermicularly curved vertical walls. Pillars perpendicular or, less
frequently, oblique to the laminae. Dissepiments and tabulae not very numerous. Microstructure
reticular, condensed.

Discussion. - PARKS' separation of the genus Stictostroma became the subject of many
discussion , in which some of the authors were of the opinion that it is a synonym of Stromato­
porella 'NlcHoLSON (er. LECOMPTE, 1951). The present writer agrees, however , with the view of
GALLOWAY (1957) and ST. JEAN (1962) that despite a considerable similarity in the arrangement
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of laminae and pillars and in the microstructure, the lack of ring-pillars is a sufficient argument
for distinguishing Stictostroma as a separate genus. As a result of the transformation offoramina
into ring-pillars, a process which was most likely to be related with a change in the type of
skeletal secretion around coenosarcal strands penetrating deeper into coenosteum, Sticto­
stroma was transformed into Stromatoporella (see General Part). There are several species
marked by transitional characters, that is, foramina developed to an equal extent and incipient
ring-pillars which are sometimes difficult to be unequivocally classified in one of the genera
referred to above. Stictostroma differs from Pseudostromatoporella n. gen., in a small number
or ring-pillars, and a reticular microstructure. The reticular microstructure of Stictostroma is
mo stly considerably better visible in pillars (in a tangential section) than in laminae in which
it is subject to obliteration and may give the Impression of a compact or even transversely
porous one (ST. JEAN, 1962). The reticular structure of laminae is emphasized, in the c~se of
well-preserved specimens, by dark - or light-coloured zones related with a growth periodicity
(for explanation see p. 28).

Stratigraphic and geographical range. - Middle Devonian (abundant): North America
(mostly), Eurasia; Upper Devonian (less frequent): Canada, Belgium, Poland. " ."-. ' .,

Stictostroma sociale (NICHOLSON, :1892).

(pI. XV. Fig. 1a-c)

1892. St romatoporella socialis NICHOLSON; H. A. NICHOLSON, A monograph ...• p. 206, PI. 26. Figs. 5-7. '
1951. Stromatopo rella socialis NICHOLSON; M . LECOMPTE, Les Stromatoporoides ... . p. 163, PI. 21, Figs. 2, 2a, 3.
1968. Stromatoporella socialis NICHOLSON; E. FLUGEL & E. FLUGEL-KAHLER. Foss. Cat., pt. 115, ' p. 393.

Locality. - Kadzielnia quarry (loc. 33).

Material. - Three, almost complete colonies (Z. Pal. St. 1/239-241).
Dimensions (in mm):

L a min a e Pillars
Z. Pal. - ... _ ._ 0. .. .

- - - - ~~ - -"-~ - ------
Cat . No. max/2 mm I min/2 mm >- I thickness -- max/2mm 1-- min/2 rnm >- I thickness

,

I I
St. 1/239 8 () 0,05-0.14 7 6 -- . 0.05-0;12 ·
St . 1/240 10

I

7 0.06-0,12 7 6
i

0.05 -0.12 !

St. 1/241 9 () 0,05 -0.12 7 6 , 0.05 -0.11
,, !

I I ;1 I

. - ' i>escription-:-'=-C~enosieum solid , irregularly bulbous or sheet-like: Diameter of the largest
colony about 40 cm at the base , height about 32 cm. Surface smooth, gently folded, with slightly
projecting numerous corallites of Syringopora sp. Latilaminae obscure.

Laminae well defined , compact, gently undulated and frequently wedging out. Thickness
and spacing of laminae considerably differentiated within one and the same colony (PI. XV,
Fig. 1b). Foramina very rare. Pillars limited by one interlaminar space, straight; cylindrical
or spool-shaped, running perpendicularly or , less frequently, obliquelyto the surface of laminae.
Pillars irregularly spaced, which causes a considerable differentiation in the width of galleries.
The 'latter are from perfectly circular to su,brectangular in outline. Most .pillars isolated,only
some of them join each other to form short, vertical walls. Dissepiments rare. The reticular

6·
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microstructure very strong ly condensed, with centers of calcification clearly visible in tangential
sections. Light-coloured growth discontinity surfaces are sometimes marked in laminae.

Discussion. - Stictostroma sociale (NICHOLSON) was described in detail by LEcoMPTE
(1951) as Stromatoporella socialis. Emphasizing the lack, in this species, of ring-pillars cha­
racteristic of Stromatoporella, STEARN (1966b) assigned it, however, to the genus Stictostroma.
S. sociale probably includes a considerable number of species, described by YAVORSKY either
as Stromatoporella or Clathrodictyon (e.g.: S. strelnensis, S. tschernensis, S. aff. gapeevi,
C. uralicum , C. tyzhnovi) from Ural Mts . and Kuznetsk Basin. A complete comparison will
be possible only when information is obtained on the microstructure of these species. S. sociale
differs from Stictostroma lensiforme (LECOMPTE) in a looser reticulum of microstructure with
a greater number of the centers of calcification and a more closely spaced skeletal elements
and from Stictostroma maclareni STEARN and S. kolymense (YAVORSKY) - in finer and more
delicate laminae and pillars and rare ring-pillars.

Stratigraphic and geographical range. - Middle Devonian: England , Belgium, Germany,
?USSR (Ural Mts. , Kuznetsk Basin) ; Upper Devonian: USSR (Ural Mts. , Kuznetsk Basin),
Poland (Western Holy Cross Mts.).

Stictostroma kolymense (YAvORSKY, 1961)

(pI. XVI, Figs. 1a-b ; 2, 3a-b)

1961. Para/le/opora kolymensis YAV ORSKY ; V. I. YAVORSKY, Stromatoporoidea , pp. 48-49, PI. 29, Figs. 4-7.
?1961. Para/le/opora ulatuaensis YAVO RSKY; V. I. Y AVORSKY, Stromatoporoidea , pp. 46-47, PI. 27, Figs. 6-8.
1968. Parallelopora kolymensis YAVORSKY; E. FLuoEL & E. FLuoEL-KAHLER, Foss. Cat. , pt. 115, s. 224.

Localities. - Sitkowka (Iocs. 19 and 20), "Kowala" quarry (Ioc. 13), Dalnia Hill (Ioc.29).

Material. - Four colonies, including two preserved completely (Z. Pal. St. 1/182 and
St. 1/234 to 236).

Dimensions (in mm):

La mi nae P ill a rs I
Z. Pal.

Cat. No. max/2 mm I min/2 mm I thickness max/2 mm I min/2 mm I thickness

I
St. 1/182 6 4 0.12-0.24 7 4 0.12-0.19
St. 1/235 5 4 0.10-0.22 6 5 0.14-0.20
St. 1/236 5 4 0.12-0.24 7 5 0.14-0.20

I I I

Description. - Coenosteum massive, bulbous or tabular. The largest colony is
17 x 17 x 10 cm in size. Surface smooth with frequent and numerous outlets of the coraIlites
Syringopora sp.

Laminae conspicuous, irregular in thickness, disappearing in some parts and replaced
by horizontal dissepiments. Many foramina 0·10 to 0·70 mm in diameter, open freely towards
an overlaying interlaminar space or covered by slightly convex cyst plates, occur in laminae.
Pillars limited to one interlaminar space, straight; cylindrical or spool-shaped, in tangential
sections of coenosteum round or oval in outline. A considerable number of pillars superposed
over. long stretches . Galleries high, subrectangular or round in outline. Dissepiroents rare or
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lacking. Microstructure of laminae and pillars reticular, condensed, here and there with traces
of a looser. reticulum. Closely spaced , dark calcification centers are clearly visible in tangential
sectio~s through laminae and pillars. In some parts of laminae, white, irregular growth
interruption streaks are marked in vertical sections.

Discussion. - The specimens under study are identical with a type specimen, erroneously
assigned by YAVORSKY (1961) - to the genus Parallelopora BARG. Attention was attracted to
YAVORSKY'S mistake by FLUGEL & FLUGEL~KAHLER (1968) who suggested the possibility that this
species may belong to the genus Trupetostroma PARKS. The latter possibility is precluded, in the
present writer 's opinion, by a clearly reticular microstructure of the species described which
is well visible in the type specimen refigured in the present paper (PI. Xl, Fig. 6), as well as by
the lack of large vacuoles in pillars characteristic of Trupetostroma. Stictostroma kolymense
is most closely related to Stictostroma maclareni STEARN, from which .it differs radically in
thicker and more widely spaced laminae and pillars and in a greater number of foramina.

Stratigraphic and geographical range. - Middle Devonian: USRR (Kolyma River) ,
Poland (Givetian of the Western Holy Cross Mts.); Upper Devonian (Frasnian): Poland
(Western Holy Cross Mts .).

Stictostroma lensiforme (LECOMPTE, 1951)

(PI. XVII, Fig. Ia-e)

1951. Syringostroma lensiforme LECOMPTE; M. LECOMPTE, Les Strornatoporoldes ... , pp. 2II -212, PI. 34, Figs. 5,
Su-b: PI. 35, Fig. I ~

(part) 1951. Syringostroma percanaliculatum LECOMPTE; M. LECOMPTE, Les Strornatoporoldes ... , pp. 204-206, Pi. 32,
Fig. 1.

1957. Stromatoporella tomiensis YAVORSKY ; V. I. YAVORSKY, Stromatoporoidea ..., pp. 52-53, PI. 27, Figs. 1-3.
1957. Stromatoporella aff. tomiensis YAVORSKY ; V. I. YAVORSKY, Stromatoporoidea..., p, 53, PI. 27, Figs. 4-6.
1957. Stromatoporella izylensis YAVORSKY; V. 1. YAVORSKY, Stromatoporoidea..., p. 54, PI. 27, Figs. 7-8; PI. 28,

Figs. 1-2. •
1961. Clathrodictyon copulatum YAVORSKY; V. I. YAVORSKY, Stromatoporoidea..., pp. 24-25, PI. Il , Fig. 3;

PI. 12, Fig. I.
1968. Syringostroma lensiforme LECOMPTE; E. FLiiGEL& E. FLOGEL-KAHLER, Foss. Cat. , pt. 115, p. 242.

Localities. - Sitkowka (Iocs. 21 and 22), Jurkowice-Budy (Eastern Holy Cross Mts.).

Material. - Fifteen colonies , including five complete (Z. Pal. St. 1/145 to 152 and
St. 1/199 to 205).

Dimensions (in mm):

Laminae Pillars and/or vertical wallsZ.Pal.
Cat. No. max/2 mm I min/2mm I thickness max/2mm I min/z mm I thickness

~t . 1/146 12 9 0.04-0.07 11 9 0.06-0.12
St. 1/149 14 11 0.04-0.07 10 . 8 0.06-0.10
St. 1/199 10 9 0.04-0.08 10 8 0.06-0.13
St. 1/202 12 8 0.04-0.07 11 9 0.06-0.11 I

Description. - Coenosteum massive, spherical , hemispherical or irregularly bulbous,
with or without mamelons. Surface smooth, even or slightly undulated. Many outlets of coral­
lites of Syringopora sp. are visible on the surface of some colonies. Latilaminae distinct.
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Laminae conspicuous, thin, even or irregularly bent and frequently overlapping each
other tangentially. Numerous foramina, usually freely open towards an overlaying interlaminar
space, less frequently covered by a tabula in the plane of a lamiria, occur in laminae. Laminae
irregularly spaced; more or less regular latilaminae repeatadly appear.in vertical sections through
coenosteum. Vertical elements of skeleton limited by one interlaminar space varying in thickness
and frequently superposed. Meandering vertical walls, sometimes connected by dissepiments,
primarily make up vertical elements. More widely spaced, cylindrical or spool-shaped pillars
are visible in tangential sections in the form of isolated, round or oval dots. Vertical walls
and pillars run perpendicularly to the laminae and may be slightly bent in vertical plane. Galleries
round or oval in outline.

Microstructure of skeleton, except for tabulae and dissepiments, reticular, condensed ,
with clearly visible (particularly in polarized light) :- both in tangential and vertical sections-dark
calcification centers. Reticular microstructure much more clearly expressed in laminae in which
very many, dark dots of calcification centers are visible in tangential sections (PI. XVII, Fig.l b-c).
Their number in pillars and vertical walls is considerably decreased, Th'ey display the tendency
toform monocenters, surrounded by a thick ma ss' of a homogenous, light-coloured calcite
(PI. XVII, Fig. le-e). '

Dark growth inhibition surfaces are clearly visible in planes of laminae.

Discussion. . - Stictostroma lensiforme is one of the ' species, mistakenly assigned by
LECOMPTE (1951) to the genus Syringostroma NICH. This species was transfered by
GALLOWAY & ST. JEAN (1957) to Stictostroma. S. lensiforme differs from Stictostroma
kolymense (YAVORSKY) in a much more condensed reticular microstructure and more finer
structure of skeleton and from Stictostroma mamilliferum GALLOWAY & ST. JEAN and Sticto­
stroma jeffersonvillense GALLOWAY & ST. JEAN in a small number of pillars which occur with
well-developed vertical walls and a considerable degree of their vertical superposition. Note­
worthy is a considerable variability which is marked in the structure of coenosteum, both
within one and the same colony and between colonies coming from one and the same time as­
semblage (from one and the same bed). This variability primarily concerns the number of ske­
letal elements per measured unit of coenosteum (cf. table of dimensions), these 'values being
indiscriminately considered by many authors as an only basis for separating new species.

Stratigraphic and geographical range. - Middle Devonian (Givetian): Belgium (Di­
nant), Poland (Western and Eastern Holy Cross Mts.); Upper Devonian (Frasnian): Belgium
(Dinant), USSR (Urlil Mts, Kuznetsk Basin), Poland (Givetian-Frasnian transitional beds
in Western Holy Cross Mts.).

Genus STROMATOPORELLA NICHOLSON, 1886

Type species: St romatopora granulata N1 CHOLS ON, 1873 ; Devonian (Corniferous Limeston) , Canada (Lake Erie) .

Diagnosis. - Laminae well-developed, with or without foramina. Vertical elements of
coenosteum limited by one interlaminar space formed as ring-pillars by laminae upturned'
around foramina and as simple, cylindrical pillars straight or spool-shaped. Pillars and ring­
-pillars may be partly superposed. Dis sepiments and tabulae common. Microstructure reticular,
variously condensed.

Discussion. - The diagnosis given above is based on NICHOLSON'S (1873, l886b) original
description and on a revis ion of the type material conducted by STEARN (1966b). In the diagnosis



MORPHOGENESIS AND SYSTEMATICS OF THE DEVONIAN STROMATOPOROIDEA 87

of Stromatoporella, STEARN'S attention was focused on a reticular (called by STEARN "ordini­
cellular" or "cellular") nature of the microstructure and on the presence of ring-pillars. These
facts allow one to eliminate from the genus Stromatoporella, several species which have not
the characters mentioned above . The reticular nature of the microstructure of Stromatoporella '
makes it similar to Stromatopora GOLDFUSS, which has already been noticed by, among other
authors, PARKS (1936) and LECOMPTE (1951), despite the fact that the genera differ from each
other radically in the arrangement of their skeletal elements . SLEUMER (1969, and also personal
communication) expressed the view that the forms, which have ring-pillars but their laminae
are composed of microlaminae should not be included in Stromatoporella. He separates these
forms from those with the cellular (ord inicellular) microstructure. Considering SLEUMER'S
view as a sound one, the writer has suggested in the present paper a separation of forms with
their structure identical with that of Stromatoporella, but with a microlaminar (here called
fibro-normal) ,microstructure of laminae, to erect a new genus, namely Pseudostromatoporella.

In the present writer's opinion, the microstructure of Stromatoporella s. s. is a derivative
of the reticular microstructure of such genera as Parallelostroma, Stromatopora, Syringostro­
mella, etc. preserved vestigially. Much the same as in other lineages' of the group of microreti­
culate stromatoporoids, the original reticulum was, in this genus , subject to a gradual conden­
sation up to the appearance of seemingly compact skeletal elements, the original nature of which
reveals, however, the presence of many calcification centers within the homogenous calcite.
In many species of Stromatoporella these calcification center s are visible only in tangential
sections of laminae and pillars. The process of condensation of reticulum was combined in
Stromatoporella with acquiring a considerable regularity in the geometry of skeleton (an ex­
cellently expressed laminarity and growth periodicity) and a progressively increasing number
of ring-pillars. The last-named provide a convenient index allowing one to separate Stromatopo­
rella from undoubtedly more primitive representatives of Stictostroma which sometimes have
only foramina.

Assuming the number of ring-pillars and the degree of their development for a funda­
mental diagnostic criterion of the species of Stromatoporella S. s., we may divide them into the
following two groups ;
1) species with very numerous ring-pillars, usually connecting two neighbouring laminae;

pillars relatively few (e.g. , Stromatoporella selwyni NICH.);
2) species with only few low and frequently C-shaped ring-pillars, many foramina and pillars,

on the whole, these forms are similar to some Stictostroma (e.g. , Stromatoporella mudlakensis
(GALL.).

In view of a considerable variability.within the range of a colony or of an intraspecific
(intrapopulation) variability characteristic of most stromatoporoids, it is very likely that the
revision will result in the necessity of a considerable reduction in the number of the species of
Stromatoporella, most of which were separated on the basis of insignificant differences in the
number of laminae or pillars on a definite section of .coenosteum.

A new genus Tubuliporella, separated by KHALFINA (1968) is probably a synonym of
Stromatoporella and represents only a special case of the species of this genus in which ring-pillars
superpose each other on longer sections of coenosteum.

A more extensive discussion of Stromatoporella as a link in the lineage of forms having
a reticular microstructure is presented in the General Part (see p. 71).

Stratigraphic and geographical distribution. -.Middle Devonian (abundant and cosmo­
politic): North America, Eurasia, Australia ; Upper Devonian (Frasnian): Canada (Alberta),
Belgia (Dinant), Poland (Western Holy Cross Mt s.),
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Stromatoporella mudlakensis GALLOWAY, 1960

(pI. XVIII, Fig. 1a-d)

1960. Stromatoporella mudlakensis GALLOWAY ; J. J. G ALLOWAY & G. M . EHLERS, Some ... , pp . 77.78, PI. 7, F igs. 2a-b ,
3, 4a-b , So-b,

1968. Stromatoporella mudlakensis GALLOWAY ; E. FLUGEL & E. FLUGEL-KAHLER, Foss. Cat. p t. 115, p. 277.

Localities. - Wietrznia quarry (loc . 34), Kadzielnia quarry (loc . 33).

Material. - One complete (Z. Pal. St. 1/238) and three fragmentary colonies (St. 1/45 3,
454, 451).

D imension s {in mm):

Laminae P ill a r s
Z . Pa l.

Cat. No. max/2 mm I min /2 mm I thickness max /2 mm I min /2 mm I thickness

St. 1/238 5 4 0.05-0.24 5 4 0.05-0.20

St. 1/4 51 8 5 0.07-0.1 8 7 5 0.07-0.18

Description. - Coenosteum irregularly cylindrical with no delike lateral branches. Surface
smooth. Height of the preserved colony 8 cm, width about 5 cm .

Laminae well developed, fol ded, thin in the axial zone of coenosteum and even and thicker
in the pe ripheral zone. N umerous foramina 0·14 to 0·16 mm in d iameter, mo st freq uently
covered with horizontal or slightly con vex tabulae, occur in laminae . Vertical elements, limi ted
by one interlaminar space, are mostly composed of straight, cylindrical pi llars, perpendic ular
to laminae an d rare ring-pillars. The last-named are low an d rarely reach halfway the length
of an interlaminar space. D istances between laminae and pillars are uneven an d, consequently ,
the height of galleries is st rongly variable. The outline of galleries in vertical sect ion round to
subrectangular. D issepiments rare. Microstructure of laminae and p illars irregularly reticular,
condensed .

Discussion. - The species described is an instance of a represen tative of Stromatoporella
simi lar in a small number of ring-pi llars to specie s of the genus Stictostroma PARKS. The pre­
sence of many ring-pilla rs in th is spec ies, mentioned in the original descr iption (GALLOWAY &
EHLERS, 1960, p. 77), is a misunde rstanding which resul ts from applying th is term to many
for amina excellent ly visible in th e plan e of lami nae in tangential sections illustrated by GAL'
LOWAY (I.e ., PI. 7, Figs . 2b and 4b ), whereas ring-pilla rs proper, occur ring in th e int erlamina r
space, are few and not fully developed (C-shaped). Other characters, of the species described
are identical with those of the holotype, including a subcylindrical shape of coenosteum an d the
lack of axial can al.

Stratigraphic and geographical distribution. - Middle Devonian (Petoskey Formatio n)
USA (M ichigan); Upper Devonian (Frasnian) Poland (Western H oly Cross Mts.).

Genus STROMATOPORA GOLDFUSS, 1826

Type species: Str omatopora concentrica G OLD FUSS, H126; M iddl e Devonian, Germany (Eifel),

Diagnosis. - Coenosteum composed of irregularly twisted, freq uently anastomosi ng,
thick skeletal elements of which neither laminae nor pillae are individualized -, Vermicularly
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twisted canals (coenotubes) which may pass in vertical tubes (auto tubes) are surrounded by the
skeletal tissue. Many dissepiments occur in coenotubes and tabulae in autotubes. Skeletal micro­
structure irregularly reticular, loose or condensed.

Discussion. - The genus. Stromatopora, very broadly understood by previous authors,
has recently been restricted. The diagnosis presented above characterizes Stromatopora s.s. after
two new genera, Parallestroma and Syringostromella, were separated from it by NESTOR (1966).
The necessity of dividing Stromatopora s.s. was also justified by STEARN (1966b) who, after
analyzing the microstructure of various species of Stromatopora , took the standpoint that the
forms with a regularly reticulate microstructure (e.g., in S. typiea ROSEN), as well as the species
which are marked by the presence of microlaminae in their skeletons (e.g., S. laminosa LE­
COMPTE), should be excluded from this genus. In the present writer 's opinion , emphasizing a dis­
tinct separateness of the two types of microstructure in Stromatopora, called by STEARN (l.c. )
"cellular" and "microreticular", is not sufficiently justified. Both these microstructures are only
various combinations of one, reticular microstructure which may be expressed either in a regular
or irregular form. Both forms of the reticular microstructure may occur simultaneously in
various places of the skeleton of one and the same colony (cf. PI. X, Fig. 2). More or less closely
spaced, dark or light colored band s, called by STEARN "microlaminae", are in the writer's inter­
pretation a symptom of growth rhythmics not having a major diagnostic importance.

Stroniatopora differs from Syringostroma NICHOLSON in the lack of columnar pillars,
from Salairella KHALFINA and Parallelopora BARGATZKY in an only slight superposition of ske­
letal elements forming systems of vertical walls and from Talaestroma GALLOWAY in a reticulate
microstructure of the skeleton. Stromatopora is one of the most conservative genera of the Stro­
matoporoidea continuously occurring. from te Middle Silurian up to the end of the Devonian.
Particular species of this genus may, however, be relatively easily separated on the basis of a pro­
gressive tendency, displayed by many of them, to I) setting in order initially irregular coenostelae
and forming of them systems of superposed vertical walls, 2) arranging of coenostrornae in
more or less regular laminae, 3) decreasing the thickness of skeletal elements and primarily,
4) on the one hand, condensation and , on the other, reduction of the microstructural reticulum.
Hence, despite its conservative nature, Stromatopora probably gave origin to new genera such
as Syringostroma NICH. , Talea stroma GALL. , or Ferestromatopora YAV. The range of the va­
riability in the morphology of Stromatopora, presented above, may become a basis for revision
and certainly also for a considerable decrease in the number of species of this genus, which are
frequently separated on the basis of characters devoid of a diagnostic importance such as,
differences in dimensions and number of skeletal elements, shape of coenosteum, presence or
absence of astrorhizae, etc.

Stratigrap.hic and geographical distribution. - Silurian (Wenlockian) - Devonian (Fras­
nian) cosmopolitic: North America, Eurasia, Australia .

Stromatopora cooperi LECOMPTE, 1952

(PI. XIX, Figs. 1a-d, 2)

1952. Str omatopora cooperi LECOMPTE; M. LECOMPTE, Les Stromatoporoides...,pp. 285-288, PI. 59, Fig.2; PI. 60, Fig. 1-4.
1960. Stromatopora planulata (HALL & WHITEFIELD) ?; J . J. GALLOWAY, Devonian ..., pp. 629-630, PI. 75, Fig. la-b.
1963. Stromatopora cooperi LECOMPTE ; c. W. STEARN, Some..., pp. 664-665, PI. 87, Figs. 6-7 ; PI. 88, Fig. 2.
1968. Stromatopora cooperi LECOMPTE; E. FLUGEL& E. FLUGEL-KAHLER, Foss. Cat. , pt.115, pp. 103-104 (with synonymy).

Localities. - Kowala-railway cut (Ioc. 12), Sitk6wka III (Ioc. 21), Sitk6wka IV (loc. 22),
Kadzieln ia-quarry (loc, 33).



90 JOZEF KAZMIERCZAK

~ateriaI. - Six colonie s, including three preserved completely (Z. Pal. St. 1/15-20).

Description. - Coenosteum' massive, irregularly bulbous, reaching 20 x 20 x 16 cm in
size. Surface smooth, slightly folded, with a variable number of small (8-14 mm) astrorhizae.
Distinct latilaminae o n lateral surface s.

In coenosteum are marked allernate zones, composed of vermicularly twisted coenostelae
which surround coenotubes with a predominantly .horizontal arrangement, as well as zones
in which 'meandering coenostelae are oriented -mostly vertically and surround coenotubes
sinusoidal-in tangential section. The last-named coenotubes are sometimes turned into auto­
tubes asa result of being closed by vertical walls. The skeletal tissue occupies 60 to 70 per cent
of the volume of coenosteum. The walls of coenostelae are 0·09 to 0·12 mm thick, a mean dia­
meter of coenotubes and autotubes being 0·12 mm. Coeno- and autotubes are intersected by
many, on the whole regularl y distributed, dissepiments and tabulae. In some specimens (Z. Pal.
S1. 1/20), wide zones are observed in which coenotubes disappear as a result of the formation
oflaminae. The laminarity is frequently emphasized by dark lines of growth inhibition in the
planes of laminae. Skeletal microstructure irregularly reticulate, condensed. Degree of con­
densation is higher in vertical segments of coenostelae.

Discussion. - S. cooperi is characterized by a considerable intracolony variability, which
is manifested by zonal changes in the system of elements of coenosteum. A similar variability
is also observed in the type material (LECqMPTE, 1952). The tendency to setting in order the
system of skeletal elements is displayed by S. cooperi as two simultaneous trends: on the one
hand, the coenostelae become more and more vertical and , on the other, regular laminae are
formed. Under such circumstances , it is difficult to decide which of the two systems represents
a "normal" skeletal tissue. S. cooperi is one of the few species of Stromatopora which survived- .
up to , the Upper Devonian and , at the same time, preserved the irregular structure of their
coenosteum very similar to that of the Silurian species. S. cooperi differs, however, from the older
species of Stromatopora in a high degree of condensation of microreticulate tissue. The last­
-named character brings them very close to some of the species of Taleastroma GALLOWAY,
in particular to tho se, in which the homogenization process of microstructure is still not very
far advanced {e.g., T. cumingsi (GALLOWAY & ST. JEAN). A still clearly reticular character of
microstructure in S. cooperi (cf. PI. XIX, Fig. 1d) seems to contradict GALLOWAY'S (1957)
suggestion on a possible assignment of this species to Taleastroma. S. cooperi differs from
S. planulata (HALL & WHITFIELD) sensu LECOMPTE (1952) in a considerably more condensed
microstructure and less vertical position of coenostelae and from S. hiipschi BARGATZKY in
finer and more condensed skeletal structural elements , as well as more condensed microstructure.

Stratigraphic and geographical distribution. - Middle Devonian (Givetian) - Upper
Devonian (Frasnian): Canada (Alberta, Mackenzie Valley), Belgium (Dinant Basin), Cze­
choslovakia (Moravia), Poland (Western Holy Cros s Mts .).

Stromatopora colliculata NICHOLSON, 1886

(PI. XX, Figs. l a-c,2a-b)

1886b. Stromatopora concentrica var. colliculata NICHOLSON; H. A. NICHOLSON, A monograph ... , PI. 3, Fig. 5; PI. 5,
Fig. 16-17;

1891b. Stromatopora concentrica var. colliculata NICHOLSON; H. A. NICHOLSON, A monograph ..., p. 165.
1968. Stromatopora concentrica colliculata NICHOLSON; E. FLi.io EL & E. FLOoEL-KAHLER, Foss. Cat ., pt. 115, p, 90

(with synonymy).
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Locality. - Jurkowice-Budy (Stringocephalus burtini Beds - Eastern Holy Cross Mts.) .

M aterial. - Five completely preserved coenostea (Z. Pal. St. 1/ 168- 170, 219, 220).

Description. - Coenosteum massive , irregularly bulbous or cylindrical with surface
smooth or covered with variously sized mamelons. Part of the colonies overgrown on colonie s
of Tabulata (Caliapora sp.).

Skeletal element s thick, occupying about 50 per cent of the volume of coneosteum. Dis­
tinct coenostromae, interrupted by vermicular coenotubes round in transverse section and
0'24 to 0·65 mm in diameter are visible in the skeleton. Autotubes rare , short. Coenostelae in
a nearly vertical position and usually superposed on each other over considerable lengths of
coenosteum, meandering in tangential section. Coenostelae are 0·12 to O'36 mm thick. In some
places, coeno- and autotubes disappear while coenostromae acquire the character of laminae
with coenostelae perpendicular to them. Galleries thus for med are usually round in outline
(PI. XVI, Fig. 2a-b). Distinct dark-coloured lines of growth inhi bition are visible in the plane
of coenostromae. Growth increments very u~even , but no , regular lat ilaminae are observed.
Coeno- and autotubes are intersected by dissepiments and tabulae which as a rule are regularly
distri buted. Microstructure irregularly reticular, condensed, particularly clearly visible in
tangential section s (PI. XX, Fig. 1c).

Discussion. - The separation of the variety colliculata from Stromatopora concentrica
GOLDF. was justified by NICHOLSON (l891 b, pp. 165-166) by the presence, in colliculata , of
mamelons, astrorhizae different than those in S. concentrica and a differently shaped coenosteum.
According to most authors, these characters in Stromatoporoidea are insignificant diagnostically.
In the present writer's opinion, the specific separateness of Stromatopora colliculata is, however,
expressed sufficiently clearly. S. colliculata differs from S. concentrica GOLDFUSS (sensu NI­
CHOLSON, 1886b) in more strongly developed coenostromae, more vertically arranged coeno ­
stelae and a more condensed reticulum of microstructure.

Strat igraphic and geographical distribution. - Middle Devonian (mainly Givetian) :
Australia (Victoria), USSR (Kuznetsk Basin), Germany (Eifel). Czechoslovakia (Moravia),
Poland (Eastern Holy Cro ss Mt s.). .

Stromatopora divergens GALLOWAY & ST. JEAN, 1957

(PI. XXI , Fig. 1a-b)

1957. St romatopora divergens GALLOWAY & ST. JEAN; J. J. G ALLOWAY & J. ST. JEAN, Middle .•.• pp. 173-174, PI. 13,
Fig . 4a -b.

1957. S tromatopora divergens GALLOWAY & ST. JEAN; J. J. GALLOWAY. Structure ... , PI. 36. Fig . 5.
1967. Trupetostroma adriani BIRKHEAD: P. K. BIRKHEAD, Str omatoporoides ... , pp. 63-64, PI. 11, Fig. 3a-d.
1968. S tromatopora divergens GALLOWAY & ST. JEAN; E. FLUGEL & E. FLUGEL-KAHLER, Foss. Cat. , pt, 115, p. 138.

Locality. - Ju rkowice-Budy tStringocephalus burtini Beds - Eastern Holy Cro ss Mts.),

Ma terial. - One complete coenosteum (Z. Pal. St. 1/194).

Description. - Coenosteum massive, irregularly bulbous, with prominent but gently
rounded mamelons mostly with an astrorhiza in the central part. D iameter at the base 8 cm,
height 4 cm. Latilaminae indistinct.

Skeletal tissue solid, occup ying about 75 per cent of the volume of coenosteum . Very
thick (on the average 0·5 mm) coenostelae sur round long and thin (0'12 to 0'15 mm in dia-
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meter) autotubes, sometimes twisted vermicularly, occurring in a number of four over a 2 mm
stretch . Tabulae are regularly distributed in autotubes. Many lines of growth inhibition,
darker than skeletal substance, give the skeleton its laminated character. G rowth increments,
marked by the growth discontinuity lines, uneven, frequently considerable condensed and for­
minglatilaminae, Skeleta l microstructure homogenous, compact, with dark points which re­
present not very closely distributed calcification centers visible in tangential sections.

Discussion. - The specimen described differs from the holotype in slightly thicker and
longer autotubes, as well as a more solid skeleton, the remaining characters being identical.
The most cha racteristic of S.divergens are strongly developed and n umerous autotubes an d a high
degree of homogenization of the microstructural reticulum with calcification centers more widely
spaced than those in Stromatopora spissa LEC. S. divergens differs from the related S. obscura
G ALL. & ST. JEAN, S . marpleae GALL.& ST. JEAN and S. laminosa LEC. in the lack of a distinctly
reticular microstructu re. The presence of autotubes brings S. divergens close to th e represen­
tatives of Salairella KHALFINA, from which it differs in a less regular system of coenostelae and
in microstructure. GALLOWAY and ST. JEAN (1957) erroneously used the term laminae to de­
signate zones cut off by successive surfaces of growth discontinu ities which are only growth
increments varying in size. Likewise, the term "galleries", used by them, does not correspond to
the ga lleries proper which occur only in the case of the presence of clear laminae. The "galleries"
in S. divergens are more sections of autotubes contained between successive growth discontinuity
surfaces. A striking similarity should be emphasized in the system of skeletal elements and
microstructure of the species described to those of two representatives of dendroid stromato­
poroids, that is, Stachyodes verticillata (Mc COY) and Stachyodes radiata LEC. (see LECOMPTE,
1952; PI. 61, Figs. 2-3; PI. 62, Figs. 1-3). This example seems to be one more proof for the
artificiality of the group Idiostromatidae, many representatives of which have their eq uivalents
among massive forms (see also General Part) .

S tra tigraphic and geographical distribution. - Middle Devonian: USA (Missouri, In­
diana), Poland (Eastern Holy Cross Mts.).

S tromatopora spissa (L ECOMPTE, 1951)

(PI. XXI , Fig. 2a-b)

1951. St romatoporella spissa LECOMPTE; M. LECOMPTE, Les Strornatoporoldes ... , pp . 187-189, PI. 27, Figs. 1, l a-c, 2,
2a, 3-4.

1951. Stromatoporella spissa LECOMPTE mut. latitexta LECOMPTE ; M . LECOMPTE, Les Stromatoporoides ... , pp . 189·191,
PI. 28, Figs. 1-2.

1968. Stromatoporella spissa LECOMPTE; E. FLUGEL & E. FLUGEL-KAHLER, Foss. Cat., pt . 115. p. 399.

Locality . - Sitk6wka V (loc. 22).

M aterial. - Two fragmentary colonies (Z. Pal. St. /2 16- 2 17).

Description. - Coenosteum lamellar or irregularly bulbous. Height of the fragmentary
colonies: lamellar - 3 cm , bulbous - 5 cm. The lamellar colony is alternately interlaced with
Actinostroma stellulatum NICH.

Thick, condensed skeletal elements make up about 80 to 85 per cent of the volume of
coenosteum. Vermicular, anastomosing coenotubes run through a compact mass of ske letal
tiss ue . Coenotube varying in diameter from 0·12 to 0·45 mm, usually averaging about 0·20 mm.
In addition to coenotubes, transverse sections of much thicker (0,8 mm) astrorhizal canals are
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visible in the skeleton. Coenotubes are distributed in the skeleton zonally, that is, at some levels
of coenosteum they occur abundantly and at some others less so. Autotubes rare and short.
Coenotubes, autotubes and astrorhizal canals are intersected by irregularly distributed dis­
sepiments or tabulae. Usually poorly visible, dark bands of growth inhibitions, emphasizing
fairly high (0,5 to 0·7 mm) growth increments, are the only horizontal elements in coenosteum.
Microstructure homogenous, with many, dark points of calcification centers clearly visible in
tangential sections.

Discussion. - The species under study was assigned by LECOMPTE (1951) to the genus
Stromatoporella with which it has almost none characters in common. LECOMPTE'S mistake
was pointed out by STEARN (1961, 1966a), who suggested assigning it to the genus Clathro­
coilona YAV. The last-named genus is, however , marked by regular pilars, laminae and an
open-work skeleton, but it primarily is devoid of coeno- or autotubes, typical oiStromatopora
and strongly developed in both the specimens here described and in LECOMPTE'S material (1951,
PI. 27, Figs. 2, 2a). Stromatopora spissa is, therefore, marked by typical characters of this genus,
which is in conformity with NESTOR'S (1966) diagnosis of Stromatopora, adopted by the present
writer. The most important characters of the species described which enable its easy distinction
from other species of Stromatopora are primarily an exceptionally massive skeleton and a con­
siderable degree of homogenization of the reticulate microstructure, whose traces are preserved
only in the form of calcification centers. In addition, to Stromatopora maculata (LECOMPTE),
Stromatopora undata RIABlNIN and Stromatopora stricta LECOMPTE, S. spissa belongs to the
group of Late Devonian representatives of Stromatopora, in whose development the skeletal
elements did not, as was the case in others, take a conspicuously vertical orientation and whose
progressive nature was emphasized only by profound changes in microstructure.

Stratigraphic and geographical distribution. - Upper Devonian (Frasnian): Belgium
(Dinant); Givetian-Frasnian transitional beds: Poland (Western Holy Cross Mts.).

Stromatopora mononensis GALLOWAY & ST. JEAN, 1957

(PI. XXII , Fig. 1a-b)

1957. Stromatopora mononensis GALLOWAY& ST. JEAN; J. J. GALLOWAY & J. ST. JEAN, Middle .... pp. 178-179, PI. 15,
Fig. la-b.

1960. Stromatopora mononensis GALLOWAY & ST. JEAN ; N. R. FISCHDUCH, Stromatoporoids .•., p. 121, PI. 2, Figs. 3-4.
1968. Stromatopora mononensis G ALLOWAY & ST. JEAN; E. FLiio EL & E. FLUOEL-KAHLER, Foss . Cat., pt. 115, p. 273.

Locality. - Jurkowice-Budy (Stringocephalus burtini Beds - Eastern Holy Cross Mts.),

Material. - One uncomplete colony (Z. Pal. 81. 1/193).

Description. - Coenosteum massive, spherical, 7 cm in diameter, with irregular mamelons
on the surface. Small (IO to 12 mm) astrorhizae occur in the central parts of some of the
mamelons.

Skeletal elements strongly condensed, occupying about 85 per cent of the volume of
coenosteum. Skeleton composed of very thick cenostelae within which run very thick, vermi­
cularly twisted and anastomosing coenotubes and less numerous, short autotubes about 10 mm
in transverse section . Rare dissepiments and tabulae occur in coeno- and autotubes. Very closely
spaced growth interruption surfaces (according to GALLOWAY & ST. JEAN, 1957 "microlaminae"),
cutting off more or less even growth increments, numbering 12 to 15 in 2 mm. Microstructure
irregularly reticular, loose, in the region of astrorhizal mamelons more condensed.
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Discussion. - The specimen described is conspecific with the holotype of Stromatopora
mononensis, described by GALLOWAY & ST. JEAN (1957). S. mononensis is most similar to S. la­
minosa LECOMPTE from which it differs in a more compact skeleton, less regular coenotubes
and lack of coenostromae which, in the latt er, are well d~veloped . S. mononensis together with
other species of Stromatopora, described by GALLOWAY& ST. JEAN (1957), such as, S. marpleae,
S. obscura, and S. larocquei, belong to the representatives of Stromatopora which are marked
by a distinctly reticular microstructure, thick, condensed skeleton and rare and thin autotubes.
The stratigraphic range of these species is limited to the Lower and Middle Givetian .
S. laminosa LECOMPTE has so far been the only species of this group described from the
area of Europe.

Stratigraphic and geographical distribution. - Middle Devonian: USA (Indiana), Canada
(Alberta), Poland (Eastern Holy Cross Mt s.).

Stromatopora stricta LECOMPTE, 1952

(pI. XXII , Fig. 2a-b)

1952. Stromatopora stricta LECOMPTE ; M. LECOMPTE, Les Stromatopo roides ..., pp. 277-278, PI. 56, Figs. 3, 3a-b.
1968. Stromatopora stricta LECOMPTE ; E. FLUGEL & E. FLUGEL-KAHLER, Foss. Cat. , pt. 115, p. 410.

Localities. - Sitk6wka IV (loc. 21), Sitk6 wka V (loc. 22).

Material. - Two complete (Z. Pal. St. 1/222 and St. 1/230) and one fragmentary colon y
(St . 1/175).

Description. - Coenosteum massive, lenticulare (20 x 8 cm) or irregularly cylindrical
(13 x 8 cm). Surface smooth, gently folded, with rare astrorhizae.

Skeleton solid, occupying about 70 per cent of the volume of coeno steum. Vermicularly
twisted coeno stelae are the main element s of skeleton, although here and there indistinct ceno­
stromae are visible which, however, do not form continuous levels. Coenotubes numerous,
strongly varying in diameter (0'05 to 0·25 mm), vermicularly penetrat ing the skeletal tissue.
Autotubes very rare , short. Dissepiments and tabulae not very numerous. Growth discontinuity
surfaces slightly marked, growth increments varying in size, averaging 0·20 mm. Transverse
sections of astrorhizal canal s, much thicker than coenotub es, are observed. Microstructure
irregularly reticular, strongly condensed and passing here and there in a homogenou s one
but with many trace s of calcification centers.

Discussion. - S. stricta together with S. baccata LECOMPTE, S. minutitexta (LECOMPTE),
S. _maculata LECOMPTE and S. undata RIABlN1N, make up a group of species characteristic of
the uppermost Middle Devonian and Upper Devonian. In this group one can observe a pro­
gressive tendency to the homogenization of the reticular micro structure. At the same time these
forms preserve such characters of the older repre sentatives of Stromatopora as a poorly realized
verticality of the system of coenostelae and a low degree of development of autotubes. Of all
the species referred to above, S. stricta has the most irregular system of skeletal elements.

Stratigraphic and geographical distribution. - Middle-Upper Devonian transitional
beds : Poland (Western Holy Cross Mts.) ; Upper Devonian (Frasnian): Belgium (Dinant
Basin).
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Stromatopora undata RrABlNIN, 1932

(pI. XXII, Fig. 3a-b)

1932. Stromatopora undata RIABININ ; V. N . RIABININ, Devon skye .. ., pp . 861- 862, PI. 2, Figs. 9-10.
1939. Stromatopora undata RlABININ ; V. N. RIABININ, Paleozoyskye .. ., pp. 38-39, PI. 11, Figs. 2-3. ' .

?1951. Syringostroma baccatu';' LECOMPTE ; M. LECOMPTE, Les Strornatoporoldes ... , pp. 212-214, PI. 35, F igs. 2, Ta-d.
1955. Stromatopora undata RlABININ ; V. N . R IABININ, Verkhnedevonskye ..., pp. 23-24, PI. 15, Figs. 1-4.
1955. Stromatopora pseudoundata RIABININ; V. N. RIABININ, Verkhnedevon skye ... , pp. 22-23, PI. 14, F igs. 1-5.
1955. Stromatopora laschenkoi RIABININ ; V. N . RIABININ, Ver kh nedev onskye .. . , pp. 25-26, PI. 16, Figs. 3-4. .

?1960. Stromatopora undata RIABININ; K. A. ERMAKOVA, Nekotorye .. . , p . 76, PI. 3, Fig. 1.
1968. Stromatopora undata RIABININ; E . F LOGEL & E . FLOGEL-KAHLER, Foss. Cat. , p t . 116, p. 448.

Localities. - Bolechowice - .Panek" quarry (loc. 16). Sluchowice (loc. 32), Kadzielnia­
-quarry (loc. 33).

. . . .

Material. - Four fragmentary colonie s (Z. Pal. St. 1/163 to 165 and St. 1/231).

Description. - Coenosteum massive, irregularly bulbous. or lamellar, interlaced with
alternate bands, 1-2 mm high, of Stromatopora spissa (LECOMPTE). Surface smooth, with
irregular mamelons.

Skeletal elements relatively thick and considerably condensed, making up 60 to 70 per cent
of the volume of coenosteum. Coenostelae, on the average 0·15 mm th ick, visible in tangential
sections in the form of irregular meanders. Coenotubes vermicularly twisted , 0·12 to 0,14 mm
in diameter. Short, irregularly distributed autotubes occur at some levels of coenosteum. Coeno­
and autotubes intersected by dissepiments and tabulae. Fairly numerous are astrorhizal canal s
with diameters much larger than those of coeno- and autotubes (0'40 to 0·50 mm). Coenostromae
well developed, passing, in some parts of coenosteum, in irregular laminae 0·05 to 0·10 mm thick.
Growth discontinuity surfaces very slightly marked.Growth increments strongly varying in height
(0,15 to 1,55 mm). Microstructure reticular, s trongly condensed, with very numerous, dark­
coloured calcification centers visible in tangential sections. The degree of condensation of micro­
reticulum in the skeletal tissue is not unifo rm. In the places in which the growth of skeleton
was disturbed (according to GALLOWAY 1957, a "repair tissue"), the microstructure reticulum
is considerably looser.

Discussion. - The species described, together with S. spissa (LECOMPTE), S. macula ta
LECOMPTEand S. stricta LECOMPTE, belong to the repre sentat ives of Stromatopora characteristic
of the turn of the Middle to the Upper Devonian and mostly of the Upper Devonian (Frasnian).
In contradistinction to the species referred to above, S. undata displays, however; a much larger
regularity of the system of skeletal elements expressed in the presence of both fairly numerous
autotubes and strongly developed coenostromae which are frequently of the nature of true la­
minae. A considerable intracolony variability, observed in the specimens studied by,the writer ,
allowed him to include in the synonymy of S. undata such species as, Syringostroma baccatum
LECOMPTE, Stromatopora pseudoundata RrABININ and S. laschenkoi RrABININ. These species
differ from S. undata only in the character and dimensions of astrorhizae, as well as in slightly
different dimensions and number of skeletal elements.

Stratigraphic and geographical distribution. - Middle Devonian (Givetian) : Belgium
(Dinant Basin); Upper Devonian (Frasnian): Belgium (Dinant Basin), USSR (Timan, Western
Ural Mts., Russian Platform), Poland (Western Holy Cross Mts.),
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Stromatopora minutitexta (LECOMPTE, 1951)

(PI. XXIII , Figs. 1a-b, 2a-b)

1951. Syringostroma minutitextum LECOMPTE; M . LECOMPTE, Les Stromatoporoides..., pp. 209-210, PI. 34, Figs. 1-4.
1968. Syringostroma minutitextum LECOMPTE; E . F LOGEL & E. F LOGEL-KAHLER, F oss. Cat. , pt. 115, p. 269.

Localities. - Sowie Gorki Hill (loc. 2), Bolechowice - .Panek'' quarry (loc. 16), Sit­
kowka III (loc. 20), Sitk6wka V (loc. 22).

Material. - Five colonies, including three preserved completely (Z. Pal. St. 1/184,
St. 1/224 to 227).

Description. - Coenosteum massive, irregularly bulbous. The largest colony is
30 x 30 x 20 cm. in size. Surface smooth, gently undulating.

Skeleton occupying about 50 per cent of the volume of coenosteum. Horizontal elements
of the skeleton partly expressed by coenostromae and partly by the laminae which are on the
average 0·12 mm thick and interrupted by irregularly twisted coenotubes which are mostly
arranged horizontally. Vertical elements of the skeleton are partly expressed by meandering
coenostelae and partly by isolated, straight pilla rs sometimes vertically superposed. Zones with
better developed vertical elements predominate in the skeleton of some of the colonies studied
and with better developed horizontal elements in some others. Autotubes do not occur. Di s­
sepiments rarely and irregularly distributed. Growth discontinuity surfaces slightly marked.
Growth increments very uneven. Microstructure, at first vestigially reticular, is in principle
almost completely homogenous with very rare dark-coloured points of calcification centers
visible in tangential sections of the skeleton.

Discussion. - In LECOMPTE'S (1951) original descript ion, the species under study was
assigned to the genus Syringostroma. GALLOWAY & ST. JEAN (1957) pointed out that such a sy­
stematic position of thi s species is improper and suggested that it should be tr ansferred to the
genus Stictostroma PARKS. Acknowledging thi s species to be a representative of the genus Stro­
matopora, STEARN (1966b, p. 98) did not agree with the standpoint of GALLOWAY& ST. JEAN.
The assignment of the species described to Stromatopora is primarily supported by th e presence
of coenotubes and coenostelae and the refore, the present writer agrees with STEARN'Ssuggestion.
It should be, however, emphasized that S. minutitexta considerably deviates from typical species
of Stromatopora in relativel y strongly developed horizontal elements of the skeleton, pre sence
of pillars and lack of autotubes. The se chara cters relate thi s species to some of the species of
Stictostroma PARKS and Ferestromatopora YAVORSKY. In its system of skeletal elements, S. mi­
nutitexta is similar to S. maculata LECOMPTE and S. stricta LECOMPTE from which it differs
in the lack of autotubes, considerably bett er developed coenostromae and a very stronglychanged
microstructural reticulum.

Stratigraphic and geographical distribution. - Middle Devonian (Givetian) : Belgium
(Dinant Basin), Poland (Western Holy Cro ss Mts.): Upper Devon ian (F rasnian) : Poland
(Western Holy Cross Mts.),

Genus FERESTROMATOPORA YAVORSKY, 1955

Type species: Ferestromatopora k rupennikovi YAVORSKY, 1955; Middle D evonian (Givetian - Indospirifer horizon
USSR (Kuznetsk Bas in).

Diagnosis. - Coenosteum consi sting of either twisted skeletal structure which do not
display a distinct vertical or horizontal orientation, or more or less regular reticular laminae,
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connected with each othe r by meandering, vertica l wa lls or, less frequently, pill ars. Coenotubes
rare, autotubes lacki ng. Di ssep irnents common. Microstructure irregularly reticular, loose
to condensed .

Disc ussion. - The gen us Ferestromatopora is, as correctly emphasized by Y AVORSKY

(1955), most simila r to Stromatopora GOLDFUSS, from which it d iffers primarily in the lack of
autotubes (according to ot he r a uthors , "pseudozooida l tubes"), very rare co enotubes and lami­
narity of coe nos te um, di st inc tly express ed in most of th e species . Ferestromatopora differs from
th e genus Parallelostroma N ESTOR, separa ted fr om Stromatopora, in a more reduced skeleton ,
larger ch ambers and irregula r, frequently st rong ly condensed , reticulum of micro st ructure.

In the present writer 's opinion such species of Stromatopora as, S. marplea GALLOWAY &
ST. J EAN, S. larocquei GALLOWAY & S T. J EAN and S. obscura GALLOWAY & ST. J EAN have in­
correctly been transferred by GALLOWAY (1957) to Ferestromatopora. .Despite th e fact that
these species have not very st rongly de veloped autotubes, their as signment to Stromatopora
is, due 'to a strongly developed syste m of coenotubes and thick coenostelae with a reticular
microstructure, fully justified . Suggesting their assignment to the genus Clathrocoilona YAVOR­

SKY (= Synthetostroma L ECOMPTE) rather , STEARN (l966b) a lso declared himself againstplacing
.the species referred to above within the genus Ferestromatopora. STEARN does not , however,
give any grounds fo r his sta ndpoint, which , in th e present wri ter's opinion, is a misunderstan­
ding, since none of th e species mentioned above ha s, either laminae o r pill ars, very well de­
veloped in the representatives of Clathrocoilona,

A new genus Angulatostroma with a typ e species Stromatopora angulata YAVORSK Y,

1947, recently separated by KHALFINA ( 1968) is probably a synony m of Ferestromatopora.
The main diagnostic characte rs, ascri bed by K HALFINA to Angulatostroma, th at is a "chevron­
-like" system of ske leta l elemen ts and a reticula r m icrostructure a re precisely characteri stic
of Ferestromatopora krupennikovi, typ e species of Feres troma topora.

The following three dist inct groups of species dinstinguish th emselves among Ferestro­
matopora :

1) a group of F. dubia which is marked by very th ick laminae and massive, short vertica l wall s,
surround ing sma ll mostl y hemi spherical chambers ; microstructure irregularly reticular,
conden sed;

species : F. dubia (LECOMPTE, 1952),
F. tenuitextilis ( Y AVORSKY, 1955) ,
F. tcherskii (YAVORSKY, 1955) ;

2) a group of F . krupennikovi with considerably thinner, chevron-like or irregularly tangled
skeleta l elements, in which no distinct laminae or pill ars a re sepa rated ; chambers considerably
larger th an in the previou s gr oup and irregular in outline; microstructure irregularly reticular,
loose or condensed ;

species : F. krupennikovi Y AVORSKY, 1955,
F. angulata ( YAVORSKY, 1947),
F. tyrganensis Y AVORSKY, 1955,
F. padalkoi ( VAV ORSKY, 1955),
F. f ortuita ( V AVORSKY, 1955),
F. jacquensis GALLOWAY, 1960,
F. k ennissoni (B IRKHEAD, 1967),
F. turbinata BIRKHEAD, 1967,
F. contex ta STEARN, 1966 ;

Pal a eontologia Polonica No. 26 7
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3) a group of F. cellulosa with a yet more delicate skeleton, with a well expressed laminae
having a reticular structure and irregular, meandering vertical walls and pillars ; galleries
irregular, small or large ; microstructure reticular, usually loose;

species: F. cellulosa (LECOMPTE, 1952),
F. maculosa (PARKS, 1936),
F. talovensis YAVORSKY, 1955,
F. czekanowskii (YAVORSKY, 1955),
F. percanaliculata (LECOMPTE, 1951),
F. bifida (LECOMPTE, 1951),
F. uchtensis (RIABININ, 1955),
F. vesiculosa (STEARN, 1963),
F. parksi STEARN, 1966.

The first two groups of species still display a considerable similarity to Parallelostroma
NESTOR and Stromatopora GOLDFUSS from which they probably derive. The species of the third
group, with a very strongly reduced skeleton are similar to some of the species of Atelodictyon
LECOMPTE (e.g. , A. stelliferum STEARN, A. mirabilis YAV.) from which they differ only in reticular
vertical elements which in Atelodictyon are reduced to thin (usually monofibril) pillars or
meandering vertical walls. The species belonging to the group of Ferestromatopora cellulosa,
as well as to Atelodictyon have an identical type of reticular laminae, except for the fact
that in Atelodictyon they are reduced to a single, very thin network.

Stratigraphic and geographical distribution. - Middle Devonian: Canada (Alberta),
USSR (Kuznetsk Basin , Western Ural Mts., Salair Mts.), Belgium (Dinant Basin), Poland
(Western Holy Cross Mts.); Upper Devonian (Frasnian): Canada (Alberta, Canadian Rocky
Mts.), USSR (Timan), Belgium (Dinant Basin) , Poland (Western Holy Cross Mts.),

Ferestromatopora parksi STEARN, 1966

(pI. XXIII, Fig. 3a-b)

1966a. Ferestromatoporaparksi STEARN ; C. W. STEARN, Upper ... , pp. 58-59, PI. 23, Figs. 1-6; PI. 24, Fig. 1; PI. 26, Fig. 7.
1961. Ferestromatopora jacquensis GALLOWAY ; C. W. STEARN, Devonian ... , pp. 943-944, PI. 107, Figs. 4-5.
1963. Ferestromatopora sp .; C. W .. STEARN, Some... , pp . 666-667, PI. 88, Fig. 6.
1968. Ferestromatopora parksi STEARN; E. FLUGEL & E. FLUGEL-KAHLER, Foss. Cat., pt, 115, p. 307.

Localities. - Sitk6wka III (loc. 20), Radkowice-Soltysia Hill (loc. 11), Bolechowice­
-"Panek" quarry (loc. 16), Jurkowice-Budy (Stringocephalus burtini Beds - Eastern Holy
Cross Mts.),

Material. - Four incomplete colonies (Z. Pal. St. 1/56, St. 1/180-181, St. 1/185).

Description. --'- Coenosteum mas sive, hemispherical, 12 cm in diameter and 8 cm high.
Surface smooth, irregularly and gently undulated.

Skeleton composed of alternate zones varying in structure. Conspicuously thicker (3 to
4 mm) zones consist of irregularly twisted walls on the average 0·12 mm thick and not displaying
a horizontal or vertical orientation. Irregularly oval spaces of the nature of galleries are closed
between these walls. In addition to the irregular, thick zones, the skeleton has bands, con­
sisting of regular, fine-reticular laminae 0·05 to 0·12 mm thick and here and there interrupted
by small foramina. Laminae are connected with each other mostly by thin (0,05 to 0·08 mm),
meandering, vertical walls and rare pillars. The vertical walls and pillars are limited to one inter-
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laminar space and may, here and there, superpose each other but on stretches not longer than
two interlaminar spaces. Pillars are usually twisted , irregularly ramified , less frequently, straight
and 0·05 to 0·10 mm thick. The meandering vertical walls, form here and there closed loops
which , in tangential sections, are visible in the form of rings. Skeletal tissue is fairly densely in­
tersected by astrorhizal canals with diameters considerably larger than those of galleries (0'55
to 0·75 mm). Growth discontinuity surfaces are considerably better marked in skeletal zones
having a regular structure. Microstructure irregularly reticular, looser in regularly formed
zones. Growth increments variable in irregular, and more or less stable (0'25 mm in size)
in regular zones .

Discussion. - F. parksi is marked by the concurrence of the two types of skeletal tissue
mentioned above . It should be emphasized that each of these types of skeletal tissue, treated
separately, might be a basis for separating two species of Ferestromatopora of which one would
be contained within the group of F. krupennikovi and the ' other F. cellulosa. The structure
of F. parksi displays characters which are transitional from thick irregular representatives of
Ferestromatopora to regular forms , similar to Atelodictyon LECOMPTE. At the same time, it is
a good example illustrating the tendency towards the reduction in the thickness of skeleton
with a simultaneous increase in growth rhythmics.

Very similar in structure to F. parksi is Atelodictyon trautscholdi (RIABININ), in which
the process of the reduction of skeleton is, however , considerably more advanced and in which
the zones of a thick, irregular skeletal tissue occur in the vestigial form.

Stratigraphic and geographical distribution. - Middle Devonian (Givetian): Poland
(Holy Cross Mts .); Middle - Upper Devonian transitional beds: Canada (Alberta, Canadian
Rocky Mts.); Upper Devonian (Frasnian): Canada (Alberta, Canadian Rocky Mts.) , Poland
(Western Holy Cross Mts.),

Ferestromatopora uchtensis (RIABININ, 1955)

(PI. XXIV, Fig. 1a-c)

1955. Str omatoporella .uchtensis RIABININ ; V. N. RIABININ, Verkhnedevonskye .. ., p, 27, PI. 17, Figs. 4-7 ; PI. 18. Fig. 1.
1955. Stromatoporella uchtensis RIABININ var. rarituberculata RIABININ; V. N. RIABININ, Verkhnedevon skye ... , p. 28.

PI. 18, Figs. 2-5 ; PI. 19, Figs. 1-4.
1968. Str omatoporella uchtensis RIABININ; E. FLt.iGEL & E. FLUGEL-KAHLER, Foss. Cat., pt, 116, p. 447.

Localities. - Sitk6wka V (loc. 22), Jaworznia-Moczydlo Hill (loc. 25), laworznia-quarry
(loc. 26).

Material. - Four large fragmentary colonies (Z. Pal. S1. 1/186 to 189).

Description. - Coenosteum massive, irregularly bulbous. The largest fragment is
25 x 30 x 15 cm in size. Surface smooth, with irregularly distributed mamelons 2 to 3 cm high.

Skeletal tissue fine, occupying about 40 per cent of the volume of coenosteum. System
of skeletal elements zonal , in the form of alternate bands more or less equal in height. Some
of them have a regular and some others irregular structure. In some of the specimens, the pro­
portions of the regular and irregular tissue are uneven, in favour of the former.

The irregularly formed skeletal zones are composed of strongly twisted walls, sometimes
displaying, in vertical sections , a chevron-like system. The twisted walls surround small chambers,
irregularly subcircular in outline and intersected by slightly convex dissepiments. An average
thickness of walls amounts to 0·07 mm. '

7*
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Regularly formed skeletal zones are marked by mor~ delicate elements. They are composed
of very thin, even, reticular laminae 0·02 to 0·03 mm thick, spaced closely but at variable inter­
vals. Laminae are connected with each other by vertical elements limited to a single interlaminar
space. Vertical elements are developed mostly in the form of thin (0'05~'09 mm), reticular,
vertical walls, twisted meandrically in a vertical plane and frequently interrupted. Also frequent
are single, reticular pillars with irregular transverse sections and 0·07 to 0·12 mm thick (PI. XXIV,
Fig. 1c). Vertical walls and pillars usually ramify irregularly in the upper part, in which they
are connected with a lamina to form a reticular layer. Galleries small, oval or semicircular in
outline, sometimes intersected by convex dissepiments. Skeletal tissue is penetrated by irregularly
thick (0,35 to 0·40 mm) astrorhizal canals. Growth rythmics well expressed in regularly formed
parts of coenosteum, usually variable with the predominance of small increments. In the zones
of coenosteum with an irregular structure, growth increments are marked by dark-coloured
growth inhibition surfaces. Microstructure irregularly reticular, loose.

Discussion. - A very delicate structure of skeleton and a loose reticulum of microstructure
make up characteristic features of the species described, which differs in them radically from
a related species F. parksi STEARN. F. uchtensis differs from otherwise very similar F. percanali­
culata (LEcoMPTE) in the presen~e of wide zones with an irregular system of skeletal elements
and a looser reticulum of microstructure.

In his original description, RIABININ (1955) placed the species under study within the range
of the genus Stromatoporella NICHOLSON and, in addition to S. uchtensis, separated its variety,
that is, S. uchtensis var. rarituberculata which , in his opinion, is marked by rarer mamelons
and larger astrorhizae than those in S. uchtensis. In the present writer's opinion these characters
are not of a diagnostic importance and do not give basis for separating the two taxa.

Stratigraphic and geographical distribution. - Middle Upper Devonian transitional beds:
Poland (Western Holy Cross Mts.); Upper Devonian (Frasnian, Ukhta Beds): USSR (Timan).

Ferestromatopora percanaliculata (LECOMPTE, 1951)

(PI. XXIV, Fig. 2a-c)

1951. Syringostroma percanaliculatum LECOMPTE; M. LECOMPTE. Les Stromatoporoldes ...• pp. 204-206. PI. 31, Fig. 3;
PI. 32. Figs. 1-2.

1968. Syringostroma percanaliculatum LECOMPTE; E. FLUGEL & E. FLUGEL-KAHLER, Foss. Cat. , pt. 115, p. 310.

Locality. - Kowala-railway cut (loc. 12).

Material. - One fragmentary colony (Z. Pal. SL/I/190).

Description. - Coenosteum massive, irregularly spherical, 8 cm in diameter. Surface
corroded. Skeletal tissue delicate , occupying about 50 per cent of the volume od coenosteum.
Skeleton consisting of thin, reticular laminae 0.02 to 0.04 mm thick, frequently interrupted
by foramina. Laminae closely spaced, on the average 20 to 25 per 2 mm. Vertical elements of
skeleton limited by a one interlaminar space, mostly composed of irregularly twisted, reticular
vertical walls and rarer, also reticular, pillars. In transverse section, pillars are irregularly
circular in outline. Thickness of vertical walls and pillars strongly differentiated and varying
within limits of 0·04 and 0·15 mm, mostly averaging 0,10 mm . Galleries very small,
irregularly circular in outline. Skeletal tissue is penetrated by fairly closely spaced astrorhizal
canals whose diameters are considerably larger than those of galleries (0,25 to 0·40 mm). Thin
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zones consisting of thicker and irr egularly twisted skeletal elements and devoid of a laminar
and irregularly twisted skeletal elements and devoid of a laminar system, sporadically occur
within a normal skeleton. Growth increments varying in size from 0·05 to 0·17 mm and
averaging 0·12 mm. Growth discontinuity sur faces not marked. Microstructure irregularly
reticular.

Discussion. - In LEcoMPTE's origin al description, Ferestromatopora percanaliculata
was erroneously placed within th e range of the genus Syringostroma NICHOLSON. LECOMPTE'S
error was pointed out by GALLOWAY & ST. JEAN (1957, p. 258) who transferred the specie s
under study to the genus Stictostroma PARKS. The present writer sha res, however, th e opinion
of STEARN (1966b , p. 98) who , after revising th e diagnosis of Stictostroma, found it necessary
to transfer the species described to Ferestromatopora .

F. percanaliculata is mo st closely related to F. uchtensis (RIABININ), from which it differ s
in a more regular system of skeletal elements and more condensed reticulum of microstructure.
Both differ from all remaining species of Ferestromatopora in very delicate skeletal elements
and very closely spaced, low growth incremen ts .

Stratigraphic and geographical distribution. - Middle Devonian (Givetian): Belgium
(Dinant Basin) ; Upper Devonian (Frasnian ) : Belgium (Dinant Basin) , Poland (We stern Holy
Cross Mts.).

Ferestromatopora cellulosa ~LEcOMPTE, 1952)

(PI. xxv, Fig. I a-b; PI. XXVI, Fig. I a-c)

1952. Trupetostroma cellulosum LECOMPTE; M. LECOMPTE, Les Stromatoporoldes ... , pp. 233·234, PI. 41, Figs. I , I a-b, 2.
1968. Trupetostroma cellulosum LECOMPTE; E. FLUGEL & E. FLUGEL-KAHLER, Foss. Cat., pt. 115, p. 65.

Localities. - Radkowice-Soltysia HilI (loc . 11), Sitk6wka III (loc. 22).

Material. - Twenty colonies, including six preserved completely (Z. Pal. St. 1/42 and 43,
St. 1/46 , St. 1/50 to 55, St. 1/57 to 62, St. 1/43 and SI. I f 144).

Description. - Coenosteum ma ssive, sph erica l, cylindrical or irregularly bulbous. The
largest colony is 30x 40 x 28 cm in size. Surface smooth, with or without mamelons,

Skeletons occupying about 40 per cent of 'the volume of coenosteum. Laminae well ex­
pre ssed , even or gently twisted , ret icular in structure. Thickness of laminae, st rongly varying
(0,05 to 0·25 mm). Rare foramina occurr ing in laminae.. Vertical elements of coenosteum, limited
by one interlaminar space and consisting mostly of reticular vertical walIs irregularly twisted
in vertical plane. Much less numerous are straight, thin pillars, frequently ramified in the upper
part. Thickness of vertical walls strongly varying (0'07 to 0·25 mm). Galleries large, circular,
subcircular and subrecta ngular in outline, usually intersected by dissepiments. Growth increments
more or less equal in size, averaging 0·22 mm, sometimes emphasized by darker growth dis­
continuity surfaces. Indistinct latilaminae are formed in the zones of stronger condensation,
Microstructure irregularly reticular, loose, with a reduced number of calcification centers.
Large, paralIel meshe s of the mic rostructural reticulum, which are termed (STEARN, 1966b)
as "ordinicellular" , microstructure, a re frequently visible in vert ical sections of coenosteum.

Discussion. - F. cellulosa was assigned by L ECOMPTE (1952) to the genus Trupetostroma
PARKS. In the pre sent writer 's opinion , such an interpretation of the systematic po sition of the
species described is, ho wever , contradicted by a coarse-reticular nature of the microstructure of
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F. cellulosa and by the lack of thick, spool-shaped and usually superposed pillars, characteristic
of Trupetostroma. In addition, the species of Trupe tostroma have strongly reduced laminae
which , in F. cellulosa, are mostly thick. Lecompte (I.c.) erroneously interpreted large meshes
of the Ioo se microstructural reticulum in the species under study as vacuoles sometimes occurring
within the range of a homogenous skeleton of some of the Trupetostroma (e.g. , T. warren!
PARKS, T. iowense PARKS). ,

A regularly laminar structure of skeleton and a considerably degree of its reduction cau sed
by loosening the reticulum of microstructure, which in turn takes place by the decrease in the
number of calcification centers (crystallization axes) are characteristic features , differing Fe­
restromatopora cellulosa from the related species F. uchtensis (RIABININ), F. percanaliculata
(LECOMPTE) and F. talovensis YAVORSKY. Due to thi s fact , F. cellulosa becomes similar to Atelo­
dictyon LECOMPTE whose species were probably formed as a result of a st ill more advanced
reduction of skeleton up to the formation of open-work skeletons, composed of single vertica l
walls and th in, monofibril pillar s connecting monolamellar, ret iculate laminae. In regard to
the reduction ofskeleton, F. cellulosa is similar to F. maculosa (PARKS), which , due to its still
more ad vanced reduction of skeleton, is yet more similar to A telodicty on than the species
described.

Stratigraphic and geographical distribution. - Middle Devonian (Givetian): Belgium
(Dinant Basin), Poland (Western Hol y Cross Mts.) ; Upper Devonian (Frasnian): Belgium
(Dinant Basin).

Ferestromatopora talovensis YAVORSKY, 1955

(PI. XXV, Fig . 2a-b)

1955. Ferestromatopora k rupennikovi YAVORS KY var. talovensis YAVORSKY ; V. I. YAVORSKY, Stromatoporoid ca .. . ,
pp . 110-111, PI. 58, Figs. 6-8; PI. 40, Fig. I.

(par t) 1952. Trupetostroma rlledemal1i LECOMPTE ; M.LECOMPTE. Lcs Stro matoporo.idcs.. .. PI. 40, Pigs. 2, 2a.
1961. Para/le/opora vojvensis YAVORSKY; V. I. YAVORSKY, Stromatoporoidca ... , pp. 46-47, PI. 28, F ig. 1-6.
1968. Ferestromatopora krupennikovi YAVORSKY, var. talovensis YAVORSKY; E. FLUGEL & E. FLUGEL-KAHLER,

Foss . Cat. , pt. 115, p. 226-227.

Localities. - Radkowice-Soltysia Hill (Ioc. 11), Jaworznia-Moczydlo Hill (Ioc. 25).

Material. - Four, large fragmentary colonies (Z. Pal. St. 1/44 and 45, St. 1/48, and 49).

Description. - Coenosteum massive, irregularly bulbou s or lenticular. The large st
fragment 15 cm high. Surface smooth, with low mamelons (1-2 mm in height) , usually havin g
astrorhiza in the central part.

Skeleton consisting of stra ight or gently undulated reticul ar laminae, rarely interrupted
by foramina. Thickness of laminae very variable within limits of 0·02 and 0·24 mm, most of
them being , however, mo re than 0·08 mm thick. Vertical elements of coenosteum, limited
by a single inte rlaminar space, are mostly composed of irregula rly meandering, reticular vertical
walls. The se walls are usually con siderably thinner in the lower pa rt , gradually extending towards
the top where they jo in a lamina. In addition to vertical walls, rare, reticular pillars, irregularly
branched upwards occurs in the interlaminar space. Galleries (?chambers) relatively large ,
irregularly oval in outline, here and there hori zontally elongated. Numerous, flat or slightl y
convex dissepiments occu r in galleri es. Growth increments emphasized by growth discontinuity
surfaces in laminae varying in size from 0·12 to 0·48 mm and averaging about 0·25 mm .
Zones of growth disturbances of the coenosteum (called by other authors a "repair tissue") are
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composed of an irregular, loose reticulum, which , viewed in the passing light , is darker than
the normal skeletal tissue. Microstructure irregularly reticular, loose, with a reduced number
of calcification centers. "

Discussion. - F. talovensis was considered by YAVORSKY as a variety of F. krupennikovi
YAVORSKY. In the present writer's opinion, F. talovensis should be raised to the rank of a separate
species because of its well developed vertical walls and laminae which , in F. krupennikovi,
occur only sporadically, as well as of its considerably more regular growth periodicity which,
in F. krupennikovi, is strongly variable and marked in the form of rare growth discontinuity
surfaces, occurring within anastomosing walls of skeleton.

F. talovensis is most closely related to F. cellulosa (LECOMPTE) and F. maculosa (PARKS)
from which it differs in thicker skeletal elements and a lower degree of reduction in the reticulum
microstructure. YAVORSKY'S (see FLVGEL& FLVGEL-KAHLER, 1968, p. 227) unpublished remark
that F. talovensis should be placed within the genus Trupetostroma is groundless. The characters
of the holotype of the species described, which the present writer had an opportunity'to see at
the CNIGR Museum in Leningrad , as well as YAVORSKY'S (1955) original description and
illustrations preclude such a possibility.

Stratigraphic and geographical distribution. - Middle Devonian (Givetian): USSR
(Kuznetsk Basin, Petchora Basin) , Poland (Western Holy Cross Mts.); Middle-Upper Devonian
transitional beds: Poland (Western Holy Cross Mts.).

Ferestromatopora krupennikovi YAVORSKY, 1955

(PI. XXV, Fig. 3a-b)

1955. Ferestromatopora krupennikovi YAVORSKY; V. I. YAVORSKY, Stromatoporoidea .. ., pp. 109-110. PI. 58,
Figs. 1-5.

(part) 1952. Trupetostroma ruedemani LECOMPTE ; M. LECOMPTE. Les Stromatoporoldes ... . PI. 40, Fig. 3a.
1962. Ferestromatopora krupennikovi YAVORSKY; V. I. YAVORSKY, Osnovy .." PI. 5, Figs. 6-7.
1968. Ferestromatopora krupennikovi YAVORSKY; E. FLUGEL & E. FLUGEL-KAHLER, Foss. Cat. , pt. 115, p. 226.

Localities. - Radkowice-Soltysia Hill (loc. 11), Sitk6wka III (loc. 20), Jaworznia-Mo­
czydlo Hill (loc. 25).

Material. - Three slightly broken-off colonies (Z. Pal. St. 1/47, St. 1/141 and 142).

Description. - Coenosteum massive , irregularly bulbous 15 cm in diameter and 9 cm
high. Surface smooth, with irregular, gentle elevations.

A delicate skeleton occupies about 45 to 50 per cent of the volume of coenosteum. Skeletal
tissue differentiated in zones with an irregular and regular structure. Zones with an irregular
structure are wider and composed of anastomosing walls , frequently displaying a zigzag system.
These walls surrounded uneven galleries, irregularly oval in outline. The anastomosing walls
are intersected at irregular intervals by even growth discontinuity surfaces which mark high
growth increments and are darker than thenormal skeletal tissue. The zones of coenosteum,
whose structure is irregular, are composed of even, reticular laminae 0·05 to 0·22 and 'mostly
0·08 to 0·10 mm in thickness, connected with each other by meandering vertical walls averaging
0·12 mm in thickness and pillars. Vertical walls and pillars are frequently wider in the upper
pint. Galleries, irregularly circular in outline, are intersected by strongly convex dissepiments.
In this zone of skeleton, growth increments are less variable and considerably smaller (on
the average 0'25 mm) than in the irregular zone. Microstructure irregularly reticular.
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Discussion. - Irregular or chevron-like, an astomosing skeletal elements, still including
some vestigially preserved coenotubes, divided by growth discontinuity surfaces into zones
varying in height and, at the same time, bands with a regularly laminar structure, are characteristic
features of F. krupennikovi. The chevron-like system, occurring in part of the skeleton , makes
th e s pecies .described simila r to F. tyrganensis (YAVORSKY) and F. angulata (YAVORSKY), from
which it differs in a more delicate and partly laminar ske leton.

F. krup ennikovi differs from F. talovensis YAVORSKY and F. cellulosa (LECOMPTE), Otherwi se
very simila r to it in the structure of the coenosteum, in the presence of high zones with a chervon­
-like or irregular arrangement of skeletal elements.

The presence of two alt ernately recurring type s of skeleta l structure in F. krupennikovi
may be interpreted as a symptom of periodically changing abiotic factors of the environment.
On the other hand, the two types of structure indicate that , much the same asin other groups:
of the Stromatoporoidea, th e genus Ferestromatopora tends to acquire a regular structure of
skeleton by forming even laminae and vertical wall s and pillars which connect laminae. In
F. krupennikoviand F. parksi STEARN, thi s process is yet expressed in a not very high degree
as compared with a completely laminar structure of F. talovensis and F. cellulosa. '. .

YAVORSKY'S unpublished note, coming from his correspondence (see -'-- FLUGEL & FLU­
GEL-K AHLER, 1968, pp . 226 and 544), th at F. krupennikovi should be transferred to the -gen us
/ntexodictyon YAVORSKY is, in present writer' s opinion, groundless. F.krupennikovi is characteri­
zed by a pronouncedly reticula r microstructure, which in the representatives of Intexodictyon ,
the type species included, is compact, wh ich ha s also been pointed out by FLOGEL & FLOGEL­
KAHLER ( I.c.). In the pre sent writer's opinion, despite a certain structura l similarity , Fe­
restromatopora and /ntexodictyon belong to quite differ ent lineage s of th e Stromatoporoidea ,
that is, Ferestromatopora to reticular and /ntexodictyon to fibro-normal ones of th e Clathro­
dictyon-Ecclimadictyon-Plexodictyon group (cf. also STEARN, 1969).

Stratigraphic and geographical distribution. - Middle Devonian (Givetian) : USSR
(Kuznetsk Basin), Poland (We stern Hol y Cross Mt s.) : Middle - U pper Devonian transitional
bed s: Poland (We stern Hol y CrossMts.) ; Upper Devon ian (Frasnia n) : Belgium (D inant Basin) .

Ferestromatopora dubia (LECOMPTE, 1952)

(PI. XXVII , Fig . 1a-c)

1952. S tromatopora dubia LECOMPTE ; M. LECOMPTE. Les Stromat oporoides .. .. p , 279. PI. 57. Figs. I, 1a-b, 2.
1957. Stromat opora dubia LECOMPTE; J . J . GALLOWAY & r. ST. JEAN. Middle .... pp . 170-177. PI. 14, F ig. 3a-c.

non 1966. Ferestromatopora dubia (LECOMPTE) ( = ?Pseudoactillodictyoll dartil!gtollellse (CARTER); J. 'E. K LOVAN.
Upper .... p . 25, PI. 8. Fig. I a-b.

1968. Str omatopora dubia LECOMPTE; E. FLUGEL & E. FLUGEL-KAH LER. Foss. Cat. , pt. 115, p, 141.

Localities. - " Kowala" qu arry (Ioc. 13), Sitk6wka V (lac. 22).

Material. - T wo fragmentary colonies (Z . Pal. St. 1/19 8 and 229).. '.

Description. - Coenosteum ma ssive, hemispherical , ,28 cm in diameter at the ba se and
15 cm high. Su rface smooth, with irregular elevations.

Skeletal tissue compact, occupying about 60 per cent of the volume of coenosteum,
Laminae reticular with even upper and not very distinct lower surface. The thickness of laminae
varying within limits of 0·12 and 0·24 mm, mo stly 0·15 mm. On the average, 8 to 10 laminae
occur per 2 mm . Vertical elements in the form of low, th ick , irregularl y meandering vertical
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walls and pillars which are irregula r in transverse section. Vertical walls and pillars, thinner
at the bottom, gradually extend upwards, passing in laminae without any distinct boundary.
Some of the' vertical walls and , pillars are superposed . Galleries, circular or semicircular in
outline, have strongly .varying (0'05-0,25 mm) - diameters and sometimes are intersected
by dissepiment s. Som e of the spaces between vertical walls and pillars are of the nature of
short coenotubes or , less frequently,' autotubes. Growth increments, emphasized by dark
growth inhibition sur faces, ar e variable in size ,(0' 10 to 0·25 mm). Microstructure irregularly
reticular, partly condensed , with very numerous dark calc ification centers.

Discussion. - Th e specimens described have, as compared with the holotype, slightly
thicker laminae and , on the average, a lesser number of laminae per 2 mm of coenosteum.
F. dubia has originally been ass igned to the genus Stromatopora GOLDFUSS. Its few poorly ex­
pre ssed coenotubes have, ho wever been correctly pointed out by GALLOWAY (1957) who transfer­
red this species to Ferestromatopora. Transferring F. dubia to the genus Clathrocoilona YAVOR­
SKY, suggested by STEARN (l966b , p. Ill), is precluded by the lack, in the species described ,
of numerous, cylindrical pillars characteristic of Clathrocoilona.

F. dubia differs from the remaining species of th is genus in a very thick skeletal structures
and in the presence of few coeno- or autotubes. The latter character relates thi s species to the
representatives' of S troma topora. In its short vertica l walls extending upwards and small semi­
circul ar galleries, F. dubia resembles some of the species of Parallelostroma N ESTOR from which
itdiffers, however , in markedly thinner laminae, more clearly expressed growth increments
and .irregular, condensed reti culum of microstructure.

Stratigraphic and geographical distribution. - Middle Devonian (Logansport limestone),
USA (Indiana); Middle-Upper De vonian tran sitional beds, Poland (Western Holy Cross Mts.) ;
Upper Devonian (Frasn ian) : Belgium (Dinant Basin) , Poland (Western Holy ' Cross Mts.) .

Genu s TALEASTROMA GALLOWAY, 1957

Type species: Stro matopora cumingsi GALLOWAY and ST. J EAN , 1957 ; Middle Devonian (Logansport limestone) ,
USA (Indiana) .

Diagnosis. - Coenosteum composed of irregular, frequently strongly reduced, laminae
and strongly develop ed pillars or meandering vertical walls (coenostelae). Spaces, contained
bet ween the last-named, a re of the nature of coenotubes or irregular, sometimes considerably
reduced , galleries. Microstructure of laminae reticular, condensed or homogenous and that
of vert ical elemen ts - homogenous, with tr aces of reticular one occcurring mostly in the
peripheral zone.

Discussion. - S trotnatopora cumingsi, a type species of Taleastroma, has been selected
by GALLOWAY (1957) ra ther inappropriately since, as .cornpared with other species .of
Taleastroma , the p rocess of homogenization of the original microstructural reticulum,
characteristic of thi s genu s, is onl y slightly ma rked in thi s species. Most of the skeletal tissue
in theholotype , which the pre sent writer had an opportunity to see by the courtesy of the
management of the U. S. N ational Museum in Wa shington, has a strongly condensed
reticulate microstructure, as well as well developed coeno- and autotubes. This tissue strongly
resembles some of .the species of Stromatopora (e.g. , S. cooperi LECOMPTE).

In the present writ er 's opinion, Taleastroma undoubtedly derives from Stromatopora
in which skeleta l elements took a vertical po sition with a simultaneous reduction of laminae
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and homogenization of the ~rigina l microreticulum which took place beginning from the middle
of pillars and vertical walls. STEARN (1966b, p. 113) also expressed his opinion concerning the
possibility of the derivation of Taleastroma compact microstructure from the reticulate (cellular)
one; but he ascribed the homogenous character of the central part of vertical elements in Ta­
leastroma to secondary processes of destructi on caused by recrystallization.
. .: In the species of Taleas troma , which have a extremely homogenous microstructure,

including an almost enti re skeleton (e.g., T. confertum STEARN), an almost complete dis­
appearance of the primary microstructural reticulum is observed together with an almost
complete reduction of laminae. The process of a progressing homogenization of skeleton in
the stromatoporoids which have a reticular microstructure is observed in all lineages of this. , .
group without, any exception and regardless, of any differences in the arrangement of skeletal
elements. Hence , with a poor state of preservation, one should be careful so as not to confuse
the species of Taleastroma with some, structurally related species of such genera as, Syringo­
stromella.Hesvc«, Syringostroma Nrcnotsox, Neo syringostroma n. gen. and Hermatostroma
NICHOLSON. Usually, Taleastroma may be easily distinguished from Syringostromella and
Syringostroma ,by a compact skeletal microti ssue of the central parts of pillars and by the lack
of. reticulate columnar pillars, from Ne osyringostroma n. gen., by the lack of columnar pillars
with atrabecular or homogenou s microstructure and from Hermatostroma - by the lack of
a; peripheral, loose reticulum covered outwardly with a membrane.

Stratigraphie and geographical distribution. - Middle Devonian: USA (Indiana), Canada
(Alberta, Mackenzie Valley) ?USSR (Altai Mts., Salair Mts.), Belgium (Dinant Basin) ; Upper
Devonian : Canada (Alberta), Poland (Western Holy Cro ss Mts.).

Taleastroma confertum STEARN, 1962

(PI. XXVI , Fig. 2a-c)

1962. Taleastroma'l confertum STEARN; C. W. STEARN. Stromato po ro id .. ... pp . 10-11 , PI. 5, Fi gs . 1-3.
?1963. . Taleastroma confertum STEARN; C. W . STEARN. Some ...• p, 667. PI. 88, F igs. 7-8.
1966a . Syringostroma'l confertum (STEARN); C. W . STEARN, Upper ... . pp. 62-63. PI. 25, Figs. 1-2.
1968. Taleastroma confertum STEARN; E. FLUGEL and E. FLUGEL-KAHLER. Foss. Cat. , pt , 115. p . 95.

.Locality. - Sowie Gorki Hill (loc. 2).

Material. - One completely preserved colony (Z. Pal. St. 1/221) .

. , Description. - Coenosteum irregularly bulbous with a smooth surface , 18 x 16 x 14 cm
in size.

Skeletal elements strongly compact, occupying about 80 per cent of the volume of
coenosteum. Straight , vertically continuing pillar s, irregularly circular in transverse section,
varying in thickness within limits of 0·09 and 0·28 mm and mostly being about 0·13 mm thick.
Pillars, usually very near each other, 7 to 8 of them per 2 mm, frequently contact each other
forming irregular groups of vertical walls varying in thickn ess. Pillar s are composed of a homo­
genous substance, light colou red in thin-sections and with a thin rim of a condensed, reticular
microstructure occurring in peripheral parts. Horizontal elements are expressed slightly in the
form of reduced laminae 0·09 mm thick, 7 to 8 of them being distributed at more or less equal
intervals over a stretc h of 2 mm. The laminae disappear in the parts of coenosteum in which
pillars are situated near or cont act each other. Galleries high, very narrow and subrectangular in
outl ine Microstructure of laminae, like that of pillars, almost completely homogenous, with
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traces of reticulum in the peripheral zone. Irregular growth rhythmics is marked by very rare
growth discontinuity surfaces.

Discussion. - Th e specimen described displays a somewhat less compact system of skeletal
elements than that in the ho lotype, particularly so con sidering pillars of the holotype which
are frequently fused togeth er and form a homogenous mas s of calcite. T. confertum has only
with a reservation been assigned by STEARN (1962) to the genus Taleastroma. He emphasized
that it also may be a represent at ive of the genu s Syringostroma NICHOLSON and later (STEARN,
1966a) tr ansferred it to th is genu s also with a reservation . The present writer believes that the
assignment of the species described to Syringostroma should be precluded by a conspicuously
homogenous microstructure of T. confertum which is not recorded in the species of Syringo stromd.
T. .confertum differs from the remaining species of its genu s in a most advanced homogenization
of microstructure and almost complete absence of laminae. At the same time , the se characters
allow one to assign th e species under study to one of the phylogenetically most progressive
repre sentatives of the Devonian Stromatoporoidea. A feather-like character of calcite in pillars,
observed by STEARN (1962, 1963, 1966b) in some of the Canadian specimens of Taleastroma
confe rtum, is also marked in some places of the specimen under study and , in the present writer's
opinion, it represent s a seconda ry phenomenon mo st likely to be caused by the processes e f
recrystalli zation and tectonic deformation (cleava ge).

Stratigraphic and geographical distribution. - Upper Devonian: Canada (Alberta, Atha­
basca R iver , North west Territories), Pol and (Western Holy Cross Mts.).

Genu s PSEUDOACTINODICTYON E. FLOGEL; 1958

Type species: Pseudoactinodictyon juxi E. FLUGEL, 1958; Middle Devonian (Up per Givetian), Germany (Sauer1and).

Diagnosis. - Coenosteum composed of th in, irregular laminae, sometimes reduced and
replaced by dissepiment s as well as meandering vertical walls and icylindrical pillars which arc
usually superposed and may continue through several laminae or be limited by a single inter­
laminar space. Galleries with many dissepiments. Microstructure of laminae reticular , condensed ,
of pillars - homogenous with numerou s calcification centers or trabecular.

Discussion. - Pseudoactinodictyon E. FLOGEL differs from Trupestostroma PARKS in the
lack of vacuoles in skeletal tissue, strongly reduced laminae and "a considerable nuinber of
dissepiments and from Gerronostroma YAVORSKY - in t'hin laminae , frequently replaced
by dissepiments and vertical elements of skeleton developed mostly in the form of vertical walls.

. Th e diagnosis of Pseudoactinodictyon given above supplements characteristics of thi s
genus, presented by E. FLOGEL (1958) and repeat ed by STEARN (1962, 1966b) and BIRKHEAD
(1967). The new data pr imari ly concern s the character of microstructure in Pse udoac tinodicty on
which, in the type species, has or iginally been described as what is known as maculate' ("ge­
fleckt") and which more or less is an equivalent of the term "condensed reticular" , us~d in the
present work. On the basis of the typical material he looked through , STEARN (I 966b) con­
sidere d, however, th e microstructure of Pseudoactinodictyon as flocculent or compact , .that is ­
in th e present writer 's terminology - homogenous. Since a reticular character of laminae and
a more condensed one of pillar s and vertical walls are distinctl y visible in the' photographs of
the holotype published in FLOGEL'S (1958, PI. l,c-d) work, the present writer believes STEARN'S
statement to be erroneous. Other species of Pseudoactinodictyon ha ve th e microstructure of
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their vertical elements within the range from a condensed retic ular to trabeculoid one, with
a marked ten dency to a decrease in the number of calcification centers. At the same time, the
microstructure of laminae in all places in which they are developed always preserves its re­
ticular , freq uently even loose character.

The microstructure of Pseudoactinodictyon clearl y indicates that this genus is a derivative
of the group of the stromatoporoids which have a reticular microstructure. The same has also
been emphasized by GALLOWAY & ST. JEAN (1957). In the present writer's opinion th is genus
probably evolved from Parallelopora BARGATZKY as a result of a further reduction of lami nae,
rep laced by dissepiments and by a simultaneous condensation of a formerly loose micro­
st ructural reticulum in vertical elements of the skeleton. The last-named process led first to the
ho mogenization of the skeleta l substance with the preservation of numerous crystalliza tion
centers and subseq uently, through a further dec rease in the number of these centers, to the
fo rmation of a trabecular micros~ructure wit h single secretion axes .

. 'Stratigraphic and geographical distribution. - Mid dle Devonian : USA, Germany, Poland ;
Upper Devoni an (Fras nian): Canada, USSR (Main Devonian Field), Belgium, Poland.

Pseudoactinodictyon actinostromiforme (RIABININ, 1941)

(PI. XXVII, F ig. 2a- c)

1941.

1951.

?1966a.

1968.

Clathrodictyon actinostromlform e RIABlNIN; V. N. RI ABl NIN, Stromatoporoidei .. . , pp. 89-90, PI. I, Figs. ·6-7.
Syringostroma vesiculosum LECOMPTE; M. LECOMPTE, Les St romatoporoides .. ., pp. 206-208, PI. 32, Figs. 3, 3a-b.
Pseudoactinodictyon bullulosum STEARN; C . W. S1-EARN, Upper .. . , pp. 53-54, PI. 21 , Figs. 1-3; PI. 22 , Fig. 4;

PI. 26 , Fig. 1.

Clathrodict yon actinostromifo rme RIABININ; E. F LVGEL & E. FLVGEL-KAHLER, Foss. Cat. , pt, 115 , p. 18.

Localities. - Sitkowka IV and V (loc, 21 and 22), Jaworznia-Moczydlo Hill (Ioc. 25).

Material. - Five fragmenta ry coenostea (Z. Pal. St. 1/88 to 90 and St. 1/ 119 to 120).

Description. - Coenosteum massive, hemispherical, 10 cm in diameter at the base and
6 cm high. Surface smooth , with rare mamelons being 3-4 mm high and fraq uently with
astro rhizae in the middle.

Skeleton composed of very thi n, irreg ular laminae, 7 to 8 of them per 2 mm , here and
there inte rrupted by forami na. Laminae freq uently disappearing and rep laced by flat disse­
piments fused together' hori zontally to fo rm continuous lamellae. Ver tical elements in
the form of twisted vertical walls on the average 0·12 mm thick, and of ra re pillar s. Some of
the vert ical walls an d pillars are limited by interlaminar spaces, but most of them are superpose d
through several laminae. Also some of them .a re irregularly branched on contacting a lamina.
Galleries, large, oval or subrectangular in outline, filled to a varyi ng degree with diss'ep iments.
G rowth increments variable in height, emphasized by growth inhibition surfaces darker than
the skeleton. Microstructure of laminae irregularly reticular, of .p illa rs condensed .

Discussion. - P. actinostromiforme was placed by RIABININ (1941) within the genus
Clathrodictyon NICHOLSON :& MURIE. On the basis of the presence of short an d long pi llars
and many dissepiments FLUGEL & FLUGEL-KAHLER (1968) transferred this species to the genus
Pseudoactinodictyon.

P. actinostromiforme differs from the nearest species P . juxi E. FLUGEL in conside ra bly
less distinct laminae and a condensed microreticulum of vertical elements; from ?P. dartingto-
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nense (CARTER) - in much thinner, regularly superposed vertical element s of the skeleton arid
the presence of laminae and from P. vagans (PARKS) and P. norrisi STEARN - in considerably
thicker and more regularly distributed skeletal elements.

Stratigraphic and geographical distribution. - Middle- Upper Devonian transitional beds:
Poland (Western Holy Cross Mts.) ; -Upper Devonian (Fr asnian): USSR (Main Devonian
Field), Canada (Alberta), Belgium (Dinant Basin).

?Pseudoactinodictyon dartingtonense (CARTER, 1880)

(PI. VIII, Fig. 4 ; PI. XXVIII , Figs la-c, 2, 3)

1880. Str omatopora dartingtoniensis CARTER ; H.J. CARTER, On Stromatop ora ... , p . 346, PI. 18, Figs. 1-5.
1891b. Parallelopora dartingtonensis (CARTER) var. filitexta NICHOLSON ; H. A. N ICHOLSON, A mo nogra ph ... , p. 210,

PI. 25, F igs. 2-3. '
?1896. Parallelopora polonica G URICH; G . GURICH. Das Pal aeozoicum .. ., pp. 122-123. PI. I . F ig. 3a-b.
1941. Stromatopora schelonensis RIABININ; V.1. RIABININ. Str omat oporoid ei. .. , p. 97. P I. 4, F igs. 5~6 .

1952. Parallelopora dartingtonensis (CARTER) var. [ilitex tum NICHOLSON; M. LECOMPTE, Les St rom atoporoldes ... .
pp. 296-297, PI. 49. F ig. 4.

1963. Synthetostroma timanicum YAVORSKY ; V. I. YAVORSKY, St romatoporoid ea .. ., pp . 72-73, PI. 22. Figs. 1-4.
1966. Ferestromatopora dubia (LECOMPTE) ; J . E. K LOVAN, Upper , p. 25, PI. 8, Fig. l a-b.

?1966a . Stromatopora mikkwaensis STEARN; c. W. STEARN. Upper pp. 5 5-56. PI. 19. Fi g. 5 ; PI. 20, F igs. 1-4.
1968. Parallelopora dartingtonensis var. filitexta N ICHOLSON; E. FLUO EL & E. FLUGEL-KAHLER, Foss. Cat ., pt, 115.

p. 124.
1968. Stromatopora dartingtoniensis CARTER ; E. FLUOEL & E. FLUOEL-KAHLER, Foss. Ca!. , PI. 115, p. 124-125.·

, Localities.- Sowie G6rki Hill (loc.2), Zelejowa Hill (loc. 7 and 8), Bolechowice-i.Jazwica"
quarry (loc. 10), Radkowice-Soltysia Hill (loc. 11), "Szewce" quarry (loc. 14), Sitk6wka Il,
III and V (locs. 19, 21 and 22).

Material. - Twenty-seven fragmentary and ' complete colonies (Z. Pal. St. 1/63 to 87,
St. 1/464).

Description. - Coenosteum massive, spherical, hemispherical or irregularly bulbous.
The largest specimens are to 32 cm in diameter and 28 cm high. Surface smooth, slightly folded
or with mamelons mostly astrorhizal. A few coenosteahave Syringopora sp. embedded in them.

Skeleton occupies 40 to 60 per cent of the volume of coenosteum. Skeletal tissue is com­
posed almost completely of shorter or longer vertical walls, irregular ly twisted in many planes
and usually superposed over fairly long stretches of coenosteum. Vertical walls vary in thickness
within limits of 0·07 and 0·25 mm, averaging 0·12 mm. Frequently, they extend fanwise and join
each other at various levels. Short processes, directed obliquely and upwards, detach themselves
from vertical walls and give them a pinnate appearance. Walls surround vertical or vermiculate
spaces of the nature of coeno- and autotubes and intersected by numerous but irregularly distri­
buted dissepiments. Laminae lacking. Growth increments great , irregular, marked by growth
discontinuity surfaces. Micro structure of vertical walls reticular, very strongly condensed.
Calcification axes marked in tangential sections in the form of dark points, are usually clearly
visible in vertical sections.

Discussion. - The taxonomic position of the species under study is not quite clear. Most
authors assigned it to the genus Parallelopora BARGATZKY. STEARN (l966b, p, 104) found its
compact microstructure not to corre spond to a loose, reticular microstructure characteristic
of Parallelopora and suggested transferrin g Parallelopora dartingtonenis to Pseudoactinodictyon,
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He based his suggestion on the type specimen of P. dartingtonensis var. filitexta from NICHOL­
SON'S collection and found it to be much better preserved than topotypes of Parallelopora
dartingtonensis included in that collection. According to NICHOLSON (1891 b, p. 201), both taxa
only slightly differ from each other in the thickness of skeletal elements. In the present writer's
opinion, a considerable variability in the thickness of vertical walls, ob served in the specimens
from the Holy Cross Mts. , allows one to join P. dartingtonensis and P. dartingtonensis filitexta
into one taxon.

?Pseudoactinodictyon dartingtonense differ s from the remaining species of this genus in
the lack of laminae and pillar proper, as well as in dark lines of crystallization axes , arranged
in a characteristically parallel or pinnate manner in vertical walls. This character was the reason
why thi s' species has been assigned to Parallelopora. ?P. dartingtonense was probably evolved
from Pdrallelopora as a result of the condensation of a loose microstructural reticulum of the
latter. There are several species of Parallelopora in which particular stages of the condensation
of a reticulum may be observed: from a very loose (e. g. in P. ostiolata BARGARZTKY) trough
transitional forms (e.g, P. typicalis GALLOWAY & ST. JEAN) to strongly condensed (e.g. P. po­
nomarevi YAVORSKY. or P. biicheliensis BARGATZKY).

In the parts of coenosteum, having more strongly twisted and sometimes anastomosing
walls, ?P. dartingtonense resembles skeletal structures of Stromatopora GOLDFUSS or Ferestro­
matopora YAVORSKY with the representatives of which it may be easily confused in slightly
oblique sections.

The species described is among the most numerous representatives of the Stromatoporidea
in the area under study and it well characterizes the deposits of the stromatoporoid-coral
facies of transitional beds of the Middle and Upper Devonian and Frasnian. The Frasnian
specimens usually have a somewhat more delicate structure of the skeleton and calcification
axes arranged in a plumose (trabecular) manner in vertical walls (see PI. XXIV, Fig. 1a-b).

Stratigraphic and geographical distribution. - Middle Devonian (Givetian): USA
(Missouri), England, Germany, Poland (Western Holy Cross Mts.); Upper Devonian (Frasnian):
USSR (Timan, Kuznetsk Basin, Western Ural Mts.), Canada (Alberta), Belgium (Dinant
Basin), Poland (Western Holy Cross Mts.).

Pseudoactinodictyon juxi E. FLDGEL, 1958

(PI: XXIX, Fig. 2a-d)

1958. Pseudoactinodictyon juxi E . FLUGEL; E. FLUGEL, Pseudoactinodictyon... , pp. 137-139, PI. 1, Fig. la-d.
1968. Pseudoactinodictyon juxi E. FLUGEL ; E. FLUGEL & E. FLUOEL-KAHLER, Foss. Cat ., pt. 115, p. 216.

' .

Localities. - Bolechowice-i.Jazwica" quarry (Ioc. 10), Jaworznia-Moczydlo Hill (Ioc. 25).

Material. - Two large fragments of coenosteum (Z. Pal. St. 1/96 and St. 1/118) .
Dimensions (in mm):

I Laminae Pillars and /or vert ical walls
Z. Pal.

Cat. No . max/2 mm I min/2 mm I thickness max/2 mm I min/2 mm I th ickness

St. 1/96 8 6 0.05-0.16 6 5 0.08-0.20
St. 1/118 10 8 0.05-0.14 7 5 0.08-0.15
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Description. - Coenosteum massive, irregularly bulbous or lenticular. The larger fragment
is 8 x 8 x 4 cm in size. The character of surface invisible.

The skeleton, marked by a delicate structure, occupies about 40 per cent of the volume
of coenosteum. Skeletal tissue composed of even laminae, varying in thickness and sometimes
replaced by flat dissepiments. Rare foramina occur in laminae. Vertical elements consisting
of walls perpendicular to laminae and pillars usually regularly superposed. Vertical walls
vermicularly twisted, here and there forming closed spaces appearing in tangential sections
as round loops. Vertical walls and pillars usually intersect a considerable number of laminae
but sometimes are limited to one interlaminar space. In the lower part of the interlaminar
space, they are always somewhat thinner extending upwards and, consequently, in vertical
section they may occur in the form of superposed, inverted cones. Galleries are intersected
by closely spaced, convex dissepiments, 3 to 4 of them being frequently superposed on each
other. Growth increments strongly marked, more or less equal in size, sometimes more
condensed but not forming distinct latilaminae. Microstructure of laminae reticuIar, conden­
sed, with very numerous calcification centers and of pillars and vertical walls - trabecular,
with a considerably reduced number of calcification centers. Some of the pillars are mono­
centric (simple trabecula).

Discussion. - One of the specimens under study (Z. Pal. St. 1/96) is identical with the type
specimen while the other (Z. Pal. St. 1/118) has more closely distributed skeletal elements.
Particular attention is attracted by the trabecular microstructure clearly visible iri the two spe­
cimens. Microstructure of P. juxi was a subject of discussion. FLVOEL (1958) termed it as
"maculate" and STEARN (1966b) as "compact". Both authors are right, since the trabecular
microstructure, characteristic of P. juxi, in vertical sections gives an impression of being ho­
mogenous (= compact, according to other authors), while dark spots of calcification centers
(= maculate microstructure of GALLOWAY & ST. JEAN, 1957) are visible in tangential sections.

P. juxi differs from the remaining species of this genus in strongly developed laminae
and regularly superposed vertical walls and pillars.

Stratigraphic and geographical distribution. - Middle Devonian (Upper Givetia~):

Germany (Sauerland); Middle-Upper Devonian transitional beds: Poland (Western Holy
Cross Mts.).

Genus TRUPETOSTROMA PARKS, 1936

Type species: Trupetostroma warreni PARKS. 1936; Middle Devonian (presquile dolomite) Canada (Great Slave
Lake).

Diagnosis. - Coenosteum consisting of reticular laminae variable in thickness, sometimes
replaced by dissepiments and interrupted by numerous foramina. Vertical elements in the form
of thick, meandering vertical walls and usually superposed pillars. Dissepiments frequent.
Microstructure of laminae reticular, condensed and with very numerous calcification centers,
of vertical walls and pillars - reticular, condensed or homogenous with characteristic vacuoles,
irregularly scattered or grouped in the peripheral zone of vertical elements.

Discussion. - The concept and scope of the genus Trupetostroma has for a long time been
a subject of discussion, which was summed up by STEARN (l966b). After having looked through
PARKs' typical collection, STEARN arrived at the conclusion that out of the seven speciesdescribed
by PARKS (1936), only the type species, that is, T. warreni corresponds to the definition of Tru-
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petostroma, the remaining ones either being very poorly preserved or belonging to other genera.
The presence of three-layered laminae, also emphasized by PARKS (1936, p. 53), has been given
by STEARN (1966b) as one of the main diagnostic characters of Trupetostroma. In the present
writer's opinion, this character is devoid of any esential diagnostic significance since the light- or
dark-coloured zones ("primary laminae" according to PARKS, 1936), which occur inside laminae,
are a symptom of more or less rhythmically repeated interruptionor inhibitions in the growth
of a colony and are commonly met with in many other genera of the Stromatoporoidea. The
laminae themselves are also frequently reduced and replaced by dissepiments.

A very irregularly condensed microstructure of the vertical skeletal elements, which is
expressed in the presence of vacuoles, irregularly scattered within a usually homogenous skeletal
substance, is a character which differs Trupetostroma from other genera. Vacuoles, as found
by PARKS (I. C., p. 53), are angular or round in outline, 'occur in varying numbers and are variously
distributed. In the present writer's opinion, vacuoles in Trupetostroma are vestigially preserved
fragments of an original reticular microstructure which was subject to condensation and homo­
genization. The view that the vacuolar microstructure of Trupetostroma may derive from the
cellular (= reticular in the present paper) one has also been expressed by LECOMPTE (1951) and
ST. JEAN (1967). It is likely that Trupetostroma was evolved from the -stromatoporoids having
a coarse-reticular microstructure, such as the structure of Paral/elopora BARGATZKY in which
the process of reduction and coarsening of reticular fibers took place irregularly. Such a view
is justified by the existence of the species of Paral/elopora (e. g., P. ostiolata BARGATZKY) with
irregularly scattered spots of a homogenous skeletal substance within a loose microreticulum.
On the other hand, one can hardly agree with PARKS (1936, p. 55) who considered Trupetostroma
as a starting form of Paral/elopora. The formation of a reticular microstructure from a compact,
homogenous one is not recorded in any of the lineages of the Stromatoporoidea, while the
opposite process is generally observed (cf. General Part). The present writer agrees with LE­
COMPTE (1951) who expressed the supposition that a cystose microstructure of the marginal ,
membrane-covered zones of vertical walls and laminae of the genus Hermatostroma NICHOLSON
was formed as a result of the homogenization of central zones of vertical walls and pillars
yet more advanced than in Trupetostroma. Judging by PARKS' (1936, PI. 10, Fig. 2) description
and illustrations, in the type species, that is, T. warreni, vacuoles are mostly grouped in the mar­
ginal zone of pillars, which here and there are covered outside with lamellae of the nature
of membranes occurring in Hermatostroma. This is an additional argument in favour of a close
relationship between the two genera. Hermatostroma porosum (LECOMPTE), having a marginal
zone of vertical .elements, consisting of vacuoles covered outside with a strongly developed
membrane, is a transitional form between these genera.

The present writer attracts attention to the fact that vertical elements in the species of
Trupetostroma are only partly composed of pillars and mostly of vertical walls, which, on the
basis of a picture observed in vertical sections, are most frequently described erroneously as
pillars. Vertical walls are clearly visible in tangential sections through interlaminar spaces,
as, for instance, in T. iowense PARKS, T. laceratum LECOMPTE and T. raricystosum GALLOWAY &
ST. JEAN, as well as, to a smaller ' extent, in T. warreni PARKS. .

Trupetostroma differs from Taleastroma in the presence of laminae and vertical walls,
from Neosyringostroma n. gen. - in the lack of columns and vacuolar structure and from
Gerronostroma YAVORSKY - in reticular laminae and vacuolar microstructure.

Stratigraphic and geographical distribution. - Middle and Upper Devonian (abundant
and cosmopolitic): North America, Eurasia, ?Australia. ' .

, .
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Trupetostroma pingue LECOMPTE, 1952

(PI. XXIX, Fig. la-b ; PI. XXX, Fig. 2a-b)

1952. Trupetostroma pingue LECOMPTE; M. LECOMPTE, Les Stromatoporoides..., pp. 230-231, PI. 38, Figs.2, 2a-b ; PI. 39,
Figs. 1-3.

1963. Trupetostroma pseudopingue STEARN; C. W. STEARN, Some..., pp. 658-659, PI. 85, Figs. 5-7 ; Text-fig. 3 D.
1968. Trupetostroma pingue LECOMPTE; E. FLtiGEL& E. FLVGEL-KAHLER, Foss. Cat., pt. 115, p. 317.

Locality. - Radkowice-Soltysia Hill (loc. 11).

Material. - One completely preserved colony (Z. Pal. St. 1/94).

Description. - Coenosteum massive, hemispherical, 20 cm in diameter and 12 cm high.
Surface strongly weathered.

Skeleton occupying about 55 per cent of the volume of coeno steum . Skeletal tissue com­
posed of strongly developed laminae and vertical walls. Laminae, 9-10 of them per 2 mm,
are usually even, 0·05 to 0·09 mm thick and interrupted by numerous foramina which give them
a reticular character. Meandering , twisted vertical walls, limited by one interlaminar space,
are mostly superposed over long stretches and thicker than lamin ae (0·10-0'25 mm). Pillars
lacking. Gallerie s variable in size, round in outline, intersected by rare dissepiments. Growth
increments, marked by dark-coloured growth inhibition surfaces, varying in height between
0·06 and .0·65 mm. Microstructure of laminae condensed, reticular near vertical walls passing
in a homogenous one. Micro structure of vertical walls homogenous with vacuoles and rare
calcification center s.

Discussion. - T . pingue differs from T. warreni PARKS and T. iovense PARKSin considerably
thicker vertical element s developed only in the form of vertical walls. LECOMPTE(1952) expressed
the supposition that T. pingue might possibly be a subspecies of Trupetostroma bassleri LE­
COMPTE (= ?Trupetostroma laceratum LECOMPTE). In the present writer's opinion, laminae
of T. pingue much th icker as compared with thin and here and there reduced laminae of T. bas­
sleri, as well as an excellent degree of the superposition of vertical walls and the presence of
pillars in the last-named species, are suffic ient arguments for acknowledging the separateness
of the two species.

Stratigraphic and geographical distribution. - Middle Devonian (?Upper Givetian):
Poland (Western Holy Cro ss Mts.) ; Upp er Devonian (Frasnian) : Canada (Alberta), Belgium
(Dinant Basin).

Trupetostroma laceratum LECOMPTE, 1952

(PI. XXX, Fig. Ia-d)

1952. Trupetostroma Iaceratum LECOMPTE; M. LECOMPTE, Les Stromatoporoides..., pp. 228-230, PI. 38, Figs. 1,1a-b.
1952. Trupetostroma tenuilamellatum LECOMPTE; M. LECOMPTE, Les Stromatoporoides ..., pp. 223-225, PI. 36, Figs. 1-5,

PI. 37, Fig. 1.
?1952. Trupetostroma bassleri LECOMPTE ; M. LECOMPTE, Les Stromatoporoides..., pp. 227-228, PI. 37, Figs. 3, 3a-b.
1957. Gerronostroma porkhovense YAVORSKY; V. I. YAVORSKY, Stromatoporoidea..., p, 15, PI. 15, Figs. 1-2.

?1962. Trupetostroma papulosum STEARN; C. W. STEARN, Stromatoporoid..., pp. 4-5, PI. 1, Figs. 1-5.
1963. Trupetostroma laceratum LECOMPTE; K. YANG & D. DONG, Stromatoporoids..., pp. 156-157, PI. 7, Figs. 6-7.
1968. Trupetostroma laceratum LECOMPT~ ; E. FLVGEL & E. FLVGEL-KAHLER, Foss. Cat. , pt . 115, p. 232.

Locality. - Jurkowice-Budy iStringocephalus burtini Beds - Eastern Holy Cross Mts.).

Material. - Two fragmentary coenostea (Z. Pal. St./132 and St. 1/136).
Palaeontologia Polonica No. 26 8
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Description. - Coenosteum massive, hemispherical, 9 cm in diameter and 5 cm high.
Surface smooth, slightly folded, with very large (3-4 cm) astrorhizae.

Skeleton occupying about 40 to 50 per cent of the volume of coenosteum. Laminae
thin , on the average 0·07 cm in thickness, 10 to 12 of them per 2 mm, uneven , frequently replaced
by flat dissepiments. Numerous foramina give the laminae the form of network with large meshes.
Vertical elements , limited to one interlaminar space, are composed mostly of vermicularly
twisted vertical walls and rare , straight pillars . Both of them are usually regularly superposed.
Vertical walls, considerably thicker than laminae, averaging 0·12 to 0·25 mm . They surround
subcircularly or subrectangularly the galleries whose sections are more or less equal to the thick­
ness of vertical walls. Galleries are interesected by closely spaced dissepiments. The regularity
of the system of skeletal elements is here and there disturbed. In such places, vertical walls
are bent and irregularly branched within a single interlaminar space. Growth increments equal
in size, averaging 0·25 mm. Microstructure homogenous with more or less numerous vacuoles
irregularly scattered over the skeletal tissue. Peripheral zone of vertical walls here and there
covered with membranes.

Discussion. - A sporadic occurrence of membranes in vertical walls of Trupetostroma
laceratum shows that this species displays characters transitional between Trupetostroma PARKS
and Hermatostroma NICHOLSON. It is only an incomplete development of membranes that
differs the species described from Hermatostroma porosum (LECOMPTE) identical with it
structurally. On the other hand, the presence of fragmentary membranes and very numerous
vacuoles differs T. laceratum from T. warreni PARKS, T. iowense PARKS and T. pingue
LECOMPTE.

A considerable intracolonial variability, observed by the writer in the specimens described
and concerning primarily the thickness of laminae and vertical walls, as well as the number
of vacuoles, became a basis for including in T. laceratum several other species which differed
from the species under study only in the dimensions of skeletal elements (cf. synonymy).

Stratigraphic and geographical distribution. - Middle Devonian (Givetian): Belgium
(Dinant Basin), China (Gueizhou), Poland (Eastern Holy Cross Mts .); Upper Devonian
(Frasnian): Canada (Alberta), USSR (Main Devonian Field) , Belgium (Dinant Basin).

Trupetostroma gebum (YAVORSKY, 1931)

(PI. XXXI, Fig. 2a-c)

1931. Syringostroma geba YAVORSKY; V. I. YAVORSKY, Nekotorye ... , pp . 1401-1402, PI. 4, Fig . 6-9.
1931. Syringostroma strahlenbergi YAVORSKY; V. I. YAVORSKY, Nekotorye ..., p. 1402, PI. 4, Figs . 10-11.
1957. Gerronostroma gromotuchense YAVORSKY; V. I. YAVORSKY, Stromatoporoidea ... , p. 12, PI. 4, Fig. 7 ; PI. 5,

Figs . 1-2.
?1957. Gerronostroma sotomenense YAVORSKY; V. I. YAVORSKY, Stromatoporoidea ... , pp. 13-14, ~1. 5, Figs. 3-5.
?1960a. Trupetostroma virgatu/um KHALFINA ; V. K. KHALFINA, Otryad Stromatoporoidea , p. 344, PI. D-14, Fig . 3a-b.
?1960a. Trupetostroma abiecu/um KHALFINA; V. K. KHALFINA, Otryad Stromatoporoidea , p. 345, PI. D-14, Fig. 4a-b.
1966. Trupetostroma sp. ; J . E. KLOVAN, Upper ... , p. 24, PI. 7, Figs. 3a-b, 4a-b.
1968. Syringostroma geba YAVORSKY; E . FLUGEL & E. FLUGEL-KAHLER, Foss . Cat., pt. 115, p. 171.

Localities. - Kozi Grzbiet Hill (loc, 3), Radkowice-Soltysia Hill (loc, 11), "Nowiny"
quarry (loc. 17), Sitk6wka IV and V (locs. 21 and 22).
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Material. - Fifteen complete and fragmentary coenostea (Z. Pal. St. 1/155 to 157, St. 1/159
to 161, St. 1/174, St. 1/206 to 212).

Dimensions (in mm):

Laminae Pillars and/or vertical walls Iz. Pal.
Cat. No. max/2 mm I min/2mm I thickness max/2 mm I min/2 mm I thickness

St. 1/155 10 8 0.05-0.07 8 6 0.08-0.25
St. 1/157 12 10 0.04-0.07 8 7 0.10-0.26
St. 1/161 8 7 0.05-0.08 8 7 0.07-0.22
St. 1/206 9 8 0.06-0.08 7 6 0.11-0.25

I St. 1/210 8 7 0.07-0,09 7 6 0.10-0.21

Description. - Coenosteum spherical hemispherical or irregularly bulbous. The largest
specimens is 24 cm in diameter and 18 cm high . Surface smooth, even or with irregularly distri­
buted mamelons a few mm to 2 cm high. Large (1,5 to 2·5 cm) astrorhizae occurring on the
surface of some of the specimens.

Skeletons occupying about 50 per cent of the volume of coenosteum. Laminae strongly
developed, very thin, interrupted by foramina which are covered with flat dissepiments. Vertical
elements composed mostly of meandering vertical walls considerably thicker than laminae
and, to a smaller extent, of pillars. Both of them are limited to one interlaminar space and
usually regularly superposed. In vertical section, walls and pillars are spool-shaped in outline.
Galleries small, slightly smaller in width than the thickness of vertical walls and pillars, round
or irregularly oval in outline and only rarely intersected by dissepiments. Growth increments well­
-expressed equalling in height interlaminar spaces, with dark-coloured growth inhibition surfaces
occurring in the planes of laminae. Microstructure condensed, in the case of vertical walls and
pillars - homogenous with dark coloured spots of calcification centers in tangential sections
through the skeleton, which are considerably less frequent than in laminae. Very small, irregularly
scattered vacuoles occur sporadically within the skeletal substance.

Discussion. - Specimens of T. gebum are very common in the Middle-Upper Devonian
transitional beds of the investigated area. Since T. gebum has not clear reticular microstructure
characteristic of Syringostroma, YAVORSKY'S (1931) erroneous assignment of this species to
Syringostroma NICHOLSON was pointed out by GALLOWAY & ST. JEAN (1957, p. 258) and FLu­
GEL & FLUGEL-KAHLER (1968, p. 171). T. gebum does not, however, display such a high degree
of homogenization of the original microreticulum and the presence of numerous vacuoles as
those recorded in other species of Trupetostroma (e.g. , T. warreni PARKS, T. iowense PARKS,
T. pingue LECOMPTE). In addition, many calcification centers are observed in vertical elements
of T. gebum . The vacuolarity of the skeletal substance is also considerable less strongly expressed "
in T. gebum than in the species referred to above. T. gebum is most similar to T. raricystosum
GALLOWAY & ST. JEAN from the Middle Devonian of the U. S. A. , from which it differs in con­
siderably more supei posed vertical walls and pillars and in a more delicate skeleton.

Stratigraphic and geographical distribution. - Middle Devonian ; USSR (Kuznetsk Basin,
?Salair Mts.), Poland (Western Holy Cross Mts.); Upper Devonian: Canada (Alberta), USSR
(Kuznetsk Basin), Poland (Western Holy Cross Mts.).

8*
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Genus SYRINGOSTROMA NICHOLSON, 1875

Type species: Syringostroma densum NICHOLSON, 1875; Middle Devonian (Corriiferous limestone), USA (Kelley's
Island, Ohio).

Diagnosis. - Coenosteum composed of more or less regular laminae, here and there
replaced by disspiments. Vertical elements, limited by a single interIaminar space, consist of
meandering vertical walls and long columnar pillars whose thickness equals or, usually, exceeds
that of vertical walls. Microstructure of laminae and vertical walls reticular, of columnar pillars­
also reticular, but usually more strongly condensed than in the rest of the skeleton.

Diseussien. - The diagnosis of Syringostroma was revised by GALLOWAY & ST. JEAN
(1957), on the basis of a topotypical material of the type species, that is, Syringostroma densum
Nrca.These authors found that out of the three species, assigned by NICHOLSON (1875, 1886b,

, 1891d),to Syringostroma, that is, S. densum, S. nodulatum and S. 'lristigouchense, only the first
corresponded to the characteristics of Syringostroma. They' also pointed out that NICHOLSON'S
original assignment of the species varying structurally to Syringostroma caused an erroneous
assignment of many new species to this genus by several later authors (e.g., LECOMPTE, 1951,
YAVORSKY, 1931, 1955, 1957). According to GALLOWAY & ST. JEAN (1957), numerous micro- '
laminae '(= growth discontinuity surfaces in the present paper), as well as long columnar
pillars and colunms are the most characteristic features of Syringostroma. Since, as found by
STEARN (1966b), microlaminae occur commonly in other genera of the Stromatoporoidea, the
presence of colunmar pillars and columns is the main diagnostic feature of Syringostroma.
In the present writer's opinion, GALLOWAY & ST. JEAN (1957) groundlessly included in Syrin­
gostroma the species which, instead of columnar pillars, developed thick columns composed
of a strongly ,condensed microreticulum or a homogenous skeletal substance. These species
are; Syringostroma perdensum GALLOWAY & ST. JEAN, S. superdensum GALLOWAY & ST, JEAN,
S. tuberosum GALLOWAY & ST. JEAN and S. radicosum GALLOWAY & ST, JEAN. A fine-laminar
structure, reticular microstructure and the presence of columns qualify these species a~ re­
presentatives of the genus Stylodictyon NICHOLSO~& MURIE, which was incorrectly recognized
by GALLOWAY (1957) and STEARN (1966bl as a junior synonym of Syringostroma. Columns,
characteristic of Stylodictyon should not be related with astrorhizal columns which occur in
many other genera of the Stromatoporoidea and are probablydevoid ofany diagnostic importance '
(KAZMlERCZAK, 1969).

Syringostroma has been most likely derived from Stromatopora Goldfuss andrepresents
a next stage in the process oftaking vertical position by the coenostelae and condensation of
the microstructural reticulum of skeletal elements, which in turn leads to the formation 'of
Neosyringostroma n. gen. in which columnar pillars have changed the , microstructure from
reticular to trabecular or homogenous. '

Stratigraphic and geographical distribution. Devonian (mainly Middle): North America,
Eurasia, Australia.

Syringostroma densum NICHOLSON, 1875

(PI. XXXI,~ Fig. 1a-b)

1875. Syringostroma densa NICHOLSON; H. A. NICHOLSON, Amorphozoa ... , p. 251, PI. 24, Figs. 2, 2a-b. ,
1968. Syringostroma densum NICHOLSON; E. FLOGI!L&E. FLOGEL-KAHLER, Foss. Cat., pt, 115,p. 130-131 (with synonymy).

Locality. '- Jurkowice-Budy (Stringocephalus burtini Beds-Eastern Holy Cross Mts.).

Material. - Two fragmentary coenostea (Z. Pal. St. 1/166 and St. 1/220).
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Description. - Coenosteum massive, irregularly spherical, about 10 cm in diameter.
Surface smooth.

Skeleton occupying about 60 per cent of the volume of coeno steum. Tightly arranged,
meanderingly twisted vertical walls, 0·18 to 0·26 mm thick, usually strongly superposed are
predominant elements of the skeleton. Long columnar pillars, equalling in thickness or slightly
smaller than vertical walls, runs within the range of vertical walls. Columnar pillars ha ve a more
condensed microstructural reticulum than that of vertical walls and consequently are visible
in tangential sections in the form of areas da rker than the rest of the skeleton. Vertical walls
and columnar pillars are intersected by even laminae, averaging 0·10 mm in thickness, numbering
5-6 per 2 mm and interrupted by rare foramina ..D ark growth inhibition surfaces are clearly
visible in the planes of laminae. Microstructure ' of .laminae reticular, slightly condensed.
Galleries varying in size, which on the average amounts to 0'15 mm, round or suboval in outline,
with rare dissepiments. Growth increments high , within limit s of 0·25 and 0·50 mm.

Discussion. - The specimens described are almost identical with illustrations of the ho­
lotype (NICHOLSON, 1886b', PI. 11, Figs. 13 and 14, l891 a, PI. 10, Figs. 8 and 9 ; STEARN, 1966b,
PI. 18, Fig. 6) from which th ey differ, ho wever, 'in somewha t th inner columnar pillars which ,
in the holotype, exceed the thickness of vertical walls. A topotype of S yringostroma densum ,
illustrated by GALLOWA.Y& ST. JEAN (1957, PI. 16, Fig. 3a-b), has yet thicker columnar pillars
and more irregula r structure of skeleton 'between th em.

S. densum is similar to S. sanduskyense GALLOWAY, but differs from it in regularly super­
posed vertical walls and con siderably bett er developed columnar pillars. S . densum differs
from the remaining species of Syringostroma in thinner columnar pilla rs with a low degree of
condensation of the micro structural reticulum. Specimens of S. densum with a poorly preserved
micro structure are very similar to Stromatopora cotltculataSscuoisa«, from which they differ
in more strongly superposed vertical walls and in a lack of coenotubes.

Stratigrapbic and geographical distribution. - Middle Devonian: USA (Ohio, Indiana,
Michigan) , Canada (Ontari o), ?Australia (Victor ia), Poland (Eastern Hol y Cross Mts.).

Genu s NEOSYRINGOSTRO~ n. gen .

Type species: Hermatostroma logansportense GALLOWAY & ST. J EAN, 1957, Middle Devon ian (Loganspor t limestone),
Indiana, If. S. A.

Derivation of the name: Lat. neo --new: an evolutionary advanced form of Syringostroma NICHOLSON.

Diagnosis. - Coenosteum .consisting of even or irregularly undulated laminae with a re­
ticular microstructure, which are intersected by long columnar pillars ha ving a homogenous
or trabecular microstructure. Dissepiments rare or lacking.

Discussion. - Neosyringostroma n. gen. differs from Syringostroma NICHOLSON in a ho­
mogenous-trabecula r micro structure of columnar pillars, from Stylodictyon NICHOLSON & M u­
RIE - in th e lack of columns and a microlaminar structure of skeleton between pillars and
from Taleastroma GALLOWAY - in the pre sence of columnar pillars and a reticular micro­
structure of skeleton between pillars. In contradistinction to H ermatostroma NICHOLSON,
Neosyringostroma is devoid of memb ranes on vert ical and ho rizontal elements characteristic
of the former genu s. The type species of Ne osyringostroma has originally been ass igned to Her­
matostroma (GALLOWAY & ST. JEAN, 1957), but lat er, STEARN(l966 b) pointed out that Hernia-
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tostroma logansportense, having a cellular (here called reticular) microstructure of twisted
laminae, did not correspond to the diagnosis of Hermatostroma.

Species in which columnar pillars display a change from a reticular and ret icula r condensed
into a homogenous and trabecular microstructure are grouped within Neo syringostroma.
This genus makes up a direct continuation of the process of condensation of the microstructural
reticulum in columnar pillars which has been started in Syringostroma. An originally reticula r
character of the microstructure in Neosyringostroma is visible in the form of condensed bundles
of secretion axes which occur within the homogenous substance of columnar pillars in some
species (e.g., N . logansportense, N. urazovense). Similar secretion axes, distributed in a fanwise
manner , are marked within the reticula r skeleta l substance of columnar pillars even in some
species of Syringostroma (e. g., S. densum NICHOLSON, S. sherzeri GRABAU). In most species
of Neosyringostroma, the skeleta l substance of columnar pillars is already completely homo­
genous.

The following species are assigned to Neo syringostroma:

N. logansportense (GALLOWAY & ST. JEAN, 1957),
N . aurorum (PARKS, 1904),
N. bifurcum (STEARN, 1962),
N . pseudoty rganicum (KHALFlNA, 1960),
N . urazovense (YAVORSKY, 1963),
N. propinquicolumnae (FRITZ & WAINES 1956),

?N. aurorella (FRITZ & WAINES, 1956),
?N. distincticolumnae (FRITZ & WAINES, 1956),
?N. boiarschinovi (YAvORSKY, 1961).

Stratigraphic and geographical distribution. - M iddle Devonian: USA (Indiana), Canada
(A lber ta, Ontario), USSR (Salair Mts., U ral Mts.), Poland (Eastern Holy Cross Mts.).

Neosyringostroma logansportense (GALLOWAY & ST. J EAN, 1957)

(PI. IX, Fig. 3; PI. XXX II , F igs . 1a-d, 2)

1957. Hermatostroma logansportense GALLOWAY & ST. J EAN; J. J. GALLOWAY & J. ST. J EAN, M iddle .. . , pp . 219-221,
PI. 21, F ig. 2a-b.

1957. Hermatostroma logansportense G ALLOWAY & ST. J EAN; J . J. GALLOWAY, Structure . .. , PI. 31, Fig. 17.
1967. Hermatostroma logansportense G ALLOWAY& ST. J EAN; J. ST. J EAN, M acu lat e ... , pp. 424-425, PI. 2, Figs. 4-5.

(pa rt) 1886b. Stromatopora beuthi BARGATZKY; H. A. N tCHOLSON, A monograph , PI. 5, Figs. 12-13.
(pa rt) 1891b. Str omatopora beuthi BARGAZTKY; H. A. NICHOLSON, A monograph , PI. 23, F ig . 12.

1951. St romatopora beuthi BARGATZKY; V. I. YAVORSKY, N ekotorye .. ., p . 10, PI. 2, Fi gs . 4-5.
1955. Stromatopora beuthi BARGATZKY; V. I. YAVORSKY, Stromato poroidea .. . , p . 106, PI. 56, Fi gs . 1-2.
1968. Hermatostroma logansportense G ALLOWAY& ST. J EAN; E. F LVGEL& E. FLVGEL-KAHLER, F oss. Ca t. , p t. 115,

p . 245.

Locality. - Ju rkowice-Budy iStringocephalus burtini Beds - Eastern Holy C ro ss Mts.).

Material. - Two almost complete colonie s (Z . Pal. S1. 1/139 and 140).

Description. - Coenosteum massive, shaped like a st rongly flattened lens 30 cm in
diameter and 8 cm high: Su rface smooth.

Skeleton occupying about 55 per cent of th e volume of coenosteum. Irregularly twisted
laminae are here and there a rra nged in a chevron-like manner. Laminae, averaging 0·12 mm
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in th ickness, a re interesected by irregularly distributed, long, straight col umnar pillars 0·25
to 0·35 mm thick, numbering 4 per 2 mm. Galleries small, irregularly oval , without dis­
sepiments. Microstructure of laminae reticular, of columnar pillars - homogenous with traces
of a trabecular one . A thin cover of a loose ret icular skeletal tissue , 0·05 mm thick and being
an extension of laminae occurs around columnar pillars. Growth rhythmics lacking.

Discussion. - The specimens described are identical with the holotype of Neosyringo­
stroma logansportense which the present writer examined due the courtesy of the U. S. Na­
tional M useum in Washington. Polish specimens are considerably better preserved than the
holotype which allows one to observe the trabecular microstructure of columnar pillars
(PI. XXXII, Fig. 1c) almost completely obliterated in the holotype (cf. ST. JEAN, 1967, PI. 2,
Fig. 4). The species under study has previously been assigned to the genus Hermatostroma
NICHOLSON. The type specimen was described and illustrated in an opposite position (GAL­
LOWAY & ST. JEAN, 1957, PI. 21, 2a) and, for this reason, the trabecular microstructure was
erroneously interprete d as conically superposed growth lines in the middle of columnar pillars.
G ALLOWAY & ST. JEAN ( I.c.) attracted a ttention to a considerable simi larity of H . logans­
portense to t he specimen illustrated (a lso in an opposite position!) in NICHOLSON'S (1886b,
PI. 5, Fig. 13) wo rk an d erroneously referred by the last-named author to Stromatopora beuthi
BARGATZKY (cf. a lso LECOMPTE, 1952; STEARN, 1966b) . In the present writer's op inion, the
specimen p resented by NICHOLSON as Stromatopora beuthi is conspecific with Neosyringostroma
logansportense, much the same as the specimens of Stromatopora beuthi, described and illustrated
by YAVORSKY (1951, 1955) and which the author saw in the CNIG R Museum in Leningrad .

The absence of membranes in the peripheral zone of pillars, characteristic of Henna­
tostroma and a coarse-reticular microstructure of the skeleton between pillars are arguments
against assigning the species described to thi s genus. In N. logansportense, vertical elements
of the ske leton are developed only in the form of continuous col umnar pillars, while in He rma-
tostroma twisted vertical wall s are predominant elements. .

N . logansportense differs from Ne osyringostroma pseudotyrganicum (KHALFINA) in a con­
siderably more homogenou s microstructure of col umnar pillars and from Neosyringostroma
aurorum (PARKS) and N. bifurcum (STEARN) in an irregularly suturelike arrangement of laminae
and thinner col umnar pillars.

Stratigraphic and geographical distribution. - M iddle Devon ian : U SA (Indiana), England
(Devonshire), G ermany (Paffrath Di st rict), US SR (Ural Mts., K uznetsk Basin), Poland
(Eastern Holy Cross M ts.).

Genus P AR ALLELOPORA BARGATZKY, 1881

Type species: Para/le/opora ostiolata BARGATZKY, 1881; Middle Devonian , Germany (Paffrath District).

Diagnosis. - Meandering and usually supe rposed vertical walls with a loo se, reticular
microstructure are the main skeleta l element. The microstructural reticulum sometimes di splays
an reg ular orientation of the meshes , arranged in vertical rows. Laminae thin, with reticular
microstructur e. Frequently, they are completely replaced by dissepiments. Spaces surrounded
by vertical walls are of the nature of irregular galleries or coeno- and autotubes, intersected
by numerous dissepiments and tabulae.

Discussion. - Parallelopora differs from Stromatopora G OLDFUSS (sensu N ESTOR, 1966)
in regularl y superposed vertical wall s and a coarse-reticular microstructure, from Syringostroma
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NICHOLSON - in a lack of columnar pillars and from Syringostromella NESTOR - in reduced
and thickened fibres of the microstructural reticulum and regularly superposed vertical elements
of the skeleton.

As follows from the discussion of Paraflelopora, conducted by LECOMPTE (1951-1952),
YAVORSKY (1963), STEARN (1966b) and ST. JEAN (1967), this genus is not understood unequi­
vocally which is a result of different interpretations of the microstructure of the type .species
P. ostiolata BARGATZKY, given by BARGATZKY (1881) and NrcHoLsON (1886b). Meshes of the
microstructural reticulum, arranged in regular, vertical rows within vertical walls, are visible
in NICHOLSON'S drawings. However, this geometrical picture, of the microstructure of vertical
walls, in the type species is much less visible in photographs of the holotype (LECOMPTE, 1952,
PI. 51, Fig. 3a). LECOMPTE found that the reticular microstructure, clearly visible in ParalIe­
/opora ostiolata related this genus to Strotnatopora GOLDFUSS and expressed a doubt about
a generic separateness of Parallelopora, since , in his opinion, the vertical skeletal elements more
strongly developed in Paralle/opora than in Stromatopora represented the only character in
which the two genera differed from each other.

In the present writer's opinion, a distinct, orderly arrangement of the skeletal structure
in Parallelopora, expressed in the tendency of skeletal elements to take a vertical position,
with a simultaneous considerable reduction of laminae give ample evidence for a more advanced
development of the representatives of Paralle/opora as compared with species of Stromatopora
irregular structurally. In addition, Paralle/opora differs from Stromatopora in a considerably
looser microstructural reticulum which, in some species (e.g. , P. longitubu/ata (RIABININ),
P. ostiolata BARGATZKY) becomes reduced. with a simultaneous thickenning of the remaining
fibres of reticulum. At the same time the genus Parallelopora includes species which , with
a skeletal structure typical of this genus, display the tendency to form columnar pillars,
having their microstructural reticulum more condensed than the rest of the skeleton and
being identical with those of Syringostroma NICHOLSON (e.g. , Paralle/opora pulchra GALL.
& ST. JEAN).

In the present writer's opinion , the first of the morphological groups of Parallelopora
mentioned above would indicate an evolutional trend towards the formation of skeletal structure
of the type of Trupetostroma PARKS and further, of Hermatostroma NICHOLSON and the second ­
towards Syringostroma NICHOLSON and , further, Neo syringostroma n. gen . (for further discussion
see General Part). The genus Paralle/opora was probably evolved from the Upper Silurian
Syringostromella NESTOR by an increase in the regularity of distribution of the vertical skeletal
elements and reduction of the horizontal parts of coenosteum which in Syringostromella are
still thick.

Stratigraphic and geographical distribution. - Middle and Upper Devonian (cosmo­
politic): North America, Eurasia , Au stralia.

ParaIlelopora kudebensis (RIABININ, 19~1)

(PI. XXXIII, Fig. I a-c)

1941. Stromatopora kudebensis RIADININ ; V. N. RIABININ, Stromatoporoidei... , pp . 95-96 , PI. 4, Fig. I.
1968. Stromatopora kudebensis RIABININ ; E . FLUGEL & E. FLUGEL-KAHLER, Foss. Cat., pt. 115, p . 227.

Locality. - Kowala-railway cut (loc, 12).

Material. - One almost complete colony (Z. Pal. St. 1/228).
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Description. - Co enosteum disclike , 10 cm in diameter and 3 cm high. Surface smooth.
Skeleton compact, occupying about 70 per cent of the volume of coenosteum. Meandering

vertical walls, varying in thickness and composed of an irregular reticulum, here and there more
strongly condensed , are th e main skeletal elements. Their thickness, between 0·08 and 0·24 mm,
averages 0·15-0·20 mm. Most vertical walls are superposed. Slightly developed 'laminae are
frequently replaced by flat dissep iments. Laminar structures are also formed of extended
parts of vertical wall s connected with each other in horizontal plane. Skeletal tissue surrounds
spaces of the nature of galler ies subcircular in outline or irregular coeno- and autotubes
in tersected by dissepiments and tabulae. Growth rhythmics slightly marked emphasized by
irregularly distributed, dark-coloured growth inhibition surfaces.

Discussion. - Th e species described is ma~ked by ' characters of both genera, that. is,
Parallelopora and Stromatopora GOLDFUSS and which are expressed by, on the one hand , super­
position of vertical walls, reduction of laminae and a loose microstructural reticulum typical
of Parallelopora and , on the other, meandering and here and there anastomosing vertical wall s
and coenotubes which make it sim ilar to Stroma topora. The specimen described by the writer
is identical with th e holotype of Parallelopora kudebensis and with the paratypes housed at the
Palaeontological Museum in M oscow.

Parallelopora kudebensis is strongly similar to th e topotype of P . planulata (HALL &
WHITFIELD), illustrated by LECOMPTE (1952, PI. 50, Figs. 1-2), from which it differs , however,
in somew hat thinner vert ica l walls and a more delicate microstructural reticulum. P. kudebensis
differs from P. longitubulata (R IABININ) in a cons idera bly finer microstructural reticulum.

Stratigraphic and geographical distribution. - Upper Devonian (Frasnian): USSR (Main
Devoni an Field) , Poland (Western Holy Cross Mts.) ~ .

Parallelopora longitubulata (RIABlNIN, 1941)

(PI. XXXIII , Fig. 2a-c)

1941. Stromatopora longitubulata RIABININ; V. N. RIABlNIN, Stromatoporoidei. .., p . 95, PI. 3, Figs. 7-8.
non 1957. Stro matopora longitubulata RIABlNIN; V. 1. YAVORSKY, Stromatoporoidea..., p. 50, PI. 25, Figs. 6-8.

1966a. Stromatopora cf. S. mononensis GALLOWAY & ST. JEAN; C. W. STEARN, Upper..., pp. 56-57, PI. 22, Figs. 1-3.

Locality. - Sitkowka V (loc. 22).
I

Material. - One large fragment of coenosteum (Z. Pal. St. 1/95).

Description. - Coenosteum massive, ir regularly bulbous. The fragment described is
15 x 13 x 8 cm in size. Surface , smooth, gently undulated .

Skeleton occupying about 60 per cent of the volume of coenosteum. Skeletal tissue com­
po sed of usually accurately superposed, meandering vert ical walls , varying in thickness-from
0·07 to 0·25 mm and limited by interlaminar spaces. Vertical wall s consisting of an irregular,
large-me shed but th ick-fibrillar reticulum which in some place s turns into compact concen­
trations of a homogenous calcite. Laminae, with a reticular microstructure, very poorly
developed , not exceeding 0·05 mm in th ickness, frequently replaced by dissepiments. Galleries
small, round in outline. Numerous, long, vertical coenotubes are intersected by slightly convex
dissepiments. Growth increments varying in size, on the whole small (0'15 to 0·25 mm),
emphas ized by gro wth discontinuity surfaces.

Discussion. - The specimen described has - as compared with the holotype, the writer
examined at th e Palaeontological Museum in Moscow - slightly thinner vertical walls and
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better expressed growth rhythmics. P .longitubulata differs from all other species of Parallelopora
in strongly thickened fibers of the microstructural reticulum and in partly, homogenous skeletal
substance in vertical walls. These characters bring the species described close to some of the
representatives of Trupetostroma PARKS (e.g. , T. laceratum LECOMPTE), except for the fact
that P . longitubulata has not yet vacuoles , closed within a homogenous skeletal substance,
characteristic of Trupetostroma. P. longitubulata displays a considerable similarity to the spe­
cimen described by YAVORSKY (1951) as Idiostroma elegans and which reveals characters common
to Parallelopora, Trupetostroma and Hermatostroma. In .J diostroma" elegans, the process of the
homogenization of the reticulum, is, however, considerably more advanced than in Parrallelo­
pora longitubulata and its vacuole s, accumulated in the marginal zone of vertical walls covered
in . some places with membranes as in Hermatostroma ,are fairly clearly visible (cf. PI. IX,
Fig. 2).

Stratigraphic and geographical distribution. - Middle-Upper Devonian transitional beds:
Poland (Western Holy Cro ss Mts.) ; Upper Devonian (Frasnian): USSR (Main Devonian Field)
?Canada (Alberta).

Genus HERMATOSTROMA NICHOLSON, 1886

Type species: Hermatostroma schlllteri NICHOLSON, 1886; Middle Devonian , Germany (Paffrath District).

Diagnosis. - Coenosteum composed of even laminae, variable in thickness, sometimes
replaced by dissepiments. Vertical elements composed of pillars and meandering vertical walls,
usually well superposed and limited by interlaminar spaces. Microstructure of the central
parts of laminae, pillars and vertical walls - homogenous or reticular-condensed , turning in
the marginal zone into a coarse-reticular or vacuolar one . Peripheral zone of skeletal elements
covered with a thin membrane.

Discussion. - Hermatostroma differs from Trup etostroma PARKS and Talea stroma GAL­
LOWAY in the presence of membranes in the peripheral zone of skeletal elements. As found by
STEARN (1966b) , the degree of homogenization of skeletal elements varies in different species
of Hermatostroma and, in this connection, within the range of this genus , there occur species
with almost completely homogenous laminae and pillars, covered outwardly with membranes
(e.g. , H. schliiteri NICHOLSON, H. perseptatum LECOMPTE), as well as species in which the mar­
ginal zone of skeletal elements, reticular-vacuolar in structure, is wide and in which .single
vacuoles may also occur in the central parts of pillars and vertical walls (e. g., H. porosum
(LECOMPTE), H. episcopale NICHOLSON). STEARN (l966b) tried to explain this considerable micro­
structural variability of Hermatostroma by its diphyletic origin and , at the same time , suggested
a separation from it of a new genus which would include species with a reticular (called by
STEARN "cellular") microstructure and strongly developed peripheral membranes. The present
writer believes that, in the case under study, suspecting diphyletism in Hermatostroma is not
justified. First 'of all, the microstructure of all, so far described, species of Hermatostroma
has never been;recorded to be clear reticular but it is afways more or less condensed or homo­
genized with closely spaced calcification centers (e. g., H. porosum (LECOMPTE»), or , in some other
cases, the fibers of microstructure are reduced , strongly thickened and, in some places, fused
to form irregular accumulations of a homogenous substance (e.g. , H. episcopale NICHOLSON).
Jn other words, the process of a homogenization of the primary microreticular skeletal substance,
advanced to a varying degree, is observed in particular species of Hermatostroma , the presence
of peripheral ' membranes being a common character which relates all these species. Henna-
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tostroma is very closely related to Trupetostroma PARKS. In some of the species of the latter
genus, a concentrations of vacuoles is visible in the marginal zone of pillars and vertical walls,
as well as a formation may be observed of incipient membranes (e.g., T. warreni PARKS). In
the writer's opinion, both Trupetostroma and Hermatostroma were probably evolved from
Parallelopora BARGATZKY by a uniform or non-uniform condensation of microstructural
reticulum.

Stratigraphic and geographical distribution. - Devonian: Canada, USSR, China, France,
Belgium, Germany, England, Poland.

Hermatostroma porosum (LEcoMPTE, 1952)

(PI. VIII. Fig. 5; PI. XXXIV. Fig. la-b)

1952. Trupetostroma porOSl/1II LECOMPTE ; M. LECOMPTE. Les Strornatoporoldes ..., pp. 236-237, PI. 42. Figs. 3a;
PI. 43, Fig. 1.

1952. Trupetostroma maillieuxi LECOMPTE; M. LECOMPTE. Les Stromatoporoides .... pp. 237-239. PI. 43, Pigs. 2,
2a, 3, 3a.

non 1960. Trupetostroma porosum LECOMPTE; J. J. GALLOWAY, Devonian ..., p. 626, PI. 73, Fig. La-b, (= Trupetostroma
laceratum LECOMPTE). .

1960. Trupetostroma mailleuxi LECOMPTE; J. J. GALLOWAY, Devonian ..., p. 626, PI. 73, Fig. 3a-b.
1968. Trupetostroma porosum LECOMPTE; E. FLUGEL & E. FLUGEL-KAHLER, Foss. Cat. , pt . 115, pp. 327-328.
1968. Trupetostroma mailleuxi LECOMPTE; E. FLUGEL & E. FLUGEL-KAHLER, Foss. Cat., pt. 115, pp. 252-253.

Locality. - Jurkowice-Budy tStringocephalus burtini Beds - Eastern Holy Cross Mis.).

Material. - Six, well preserved colonies (Z. Pal. St. 1/11I , 112, 114, 128, 129 and 137).

Description. - Coenosteum massive, spherical or irregularly bulbous, 20 cm in diameter
and 12 cm high. Surface smooth, even or with large mamelona.Z to 3 mm high, usually with
a large astrorhiza in the central part.

Skeleton occupying about 50 per cent of the volume of coenosteum. Thick, vermiculate
vertical walls, usually perfectly superposed, are the main skeletal elements. Walls are sometimes
irregularly branched and surround vertical , meandering canals , intersected by convex dissepi­
ments. Walls are on the average 0·25 mm and canals 0·20 to 0·25 mm thick. Laminae vestigial,
marked only in some places as horizontal extensions of vertical walls. Mostly, laminae are re­
placed by dissepiments. Vertical walls are composed of a homogenous substance with traces
of calcification centers and many subspheroid vacuoles about 0·025 mm in diameter, concen­
trated mostly in the marginal zone of walls. Outwardly, vertical walls are covered with mem­
branes. Growth increments more or less equal in size, marked by growth discontinuity surfaces
intersecting vertical walls.

Discussion. - H ermatostroma porosum, much the same as its synonym H. malleuxi,
was originally assigned to the genus Trupetostroma PARKS because of its vacuoles occurring
within the range of vertical walls. However , attention was attracted by STEARN (l966b) to the
fact that this species has already strongly developed membranes on skeletal element s and is
more similar to Hermatostroma. The transitional character of H. porosum between Trupeto­
stroma and Hermatostroma is yet more strongly emphasized by its vacuoles concentrated ho­
wever, in contradistinction to Trupetostroma , mostly in the marginal zone of vertical walls.
The presence of vacuoles differs, at the same time, H. porosum from all other species of Her­
matostroma and primarily from the most related H. episcopale NICHOLSON, in which well de-
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velopedlaminae occur in addi t ion. H. porosum is related to Trupe tostroma laceratum LECOMPTE
in an equally vacuolar microstructure and poorly developed laminae. It differs from the last­
-named species in the presence of membranes.

Stratigraphic and geographical distribution. - Middl e Devonian (Givetian}; Canada
(Mackenzie Valley). Polan'd (Easte rn Ho ly Cross Mts.) ; Upper Devonian (Frasnian): Belgium
(Dinant Basin).

Hermatostroma perseptatum LECOMPTE, 1952

(PI. VllI, Fig. 6; PI. XXXIV, Fig. 2a-b)

1952. Hermatostroma perseptatum LECOMPTE; M. LECOMPTE, Lcs Stromatoporoides..., p. 251, PI. 45, Figs. 2, 2a-b.
1968. Hermatostroma perseptatum LECOMPTE; E. FLiiGEL & E. FLUGEL-KAHLER, Foss. Cat. , pt , 11 5, p. 314.

Locality. - Jurkowice-Budy (Stringoeephalus burtini Beds - Eastern Holy Cro ss Mt s.).

Material. - Two complete colonies (Z. Pal. St. 1/131 . and 138).

Description. - Coenosteum massive, spherical or hemispherical, 12 cm in diameter.
Surface with conspicuous mamelons (1'5 to 2 cm high), having , very large astrorhizae with
a span of their lateral canals exceeding 5 cm.

Skeleton occupying about 55 per cent of the volume of coenosteum. Very thick" well
superposed and meand ering vertical walls which are limited by interlaminar spaces are the main
elements of the skeleton. Their th ickness averages 0·30-0·45 mm. Laminae straight, con­
siderably thinner than vertical walls (0'07 to 0·12 mm) , numbering 5 to 6 per 2 mm, frequently
interrupted by foramina and replaced by dissepiments. Galleries round in outline, here and
there turning into vertical coenotubes averaging 0·30 mm in width and intersected by dis­
sepiments. Microstructure of laminae and vertical walls homogenous with a coarse-reticular
rim 0·07 mm thick in marginal zone. All skeletal elements are covered outwardl y with mem­
branes. Growth increment s irregular, marked by indistinct growth discontinuity surfaces
visible mostly in vertical sections of vertical walls.

Discussion. - The specimens under study differ from the holotype of H . pe rseptatum in
thicker vertical walls and a lower stratigraphic position . H. persep tatum differs from H. crassum
(LECOMPTE), H . pustulosum LECOMPTE and H. schliiteri NICHOLSON in thicker vertical element s
and poorly developed laminae, and from H. porosum (LECOMPTE) and H. episeopale NICHOLSON
in a' homogenous microstructure of central zones of vertical walls in which no trac~s are
observed of vacuoles and microreticula.

Stratigraphic and geographical distribution. - Midd le Devonian (Givetian) : Poland
(Eastern Holy Cross Mt s.) ; Upper Devonian (Lower Frasnian) : Belgium (Dinant Basin).

Hermatostroma episcopale NICHOLSON, 1892

(pI. XXXV, Fig. 1a-b)

1892. Hermatostroma episcopate NICHOLSON; H. A. NICHOLSON, A monograph , pp. 219-221, PI. 28, Figs. 4-1L
1955. Syringostroma k ielzeense YAVORSKY; V. I. YAVORSKY, Stromatoporoidea , pp. 135-136, PI. 71 , Figs. 7-8; PI. 72,

Figs. 1-2.
1968. Hermat ost roma episcopate NICHOLSON; E. FLUGEL& E. FLUGEL-KAHLER, Foss. cat. , pt , 115, p. 150(with synonymy).
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Localities. - Stok6wka I (loc.6), Bolechowice - .Panek" quarry (loc. 16), "Nowiny"
qu arry (loc, 17), Jaworznia quarry (loc. 26).

Material. - Twelve fragmentary colonies (Z. Pal. St. 1/124-127 and 105-110).

Description. - Coenosteum masi ve, irregularly bulbous. The largest fragment IS

18 x 12 x 10 cm in size. Surface smooth, with con spicuous mamelons 1 to 2 cm high. '
Skeleton composed of regularly distributed vertical elements and horizontal ones which

in vertical section form an almost isometric lattice pattern. Laminae str aight, 0·07 to 0'15 mm
thick, 6 to 7 of them occurring in 2 mm, sporadically interrupted by foramina. Vertical ele­
ments, limited by one interlaminar space, consist of spool-shaped pillars found or oval in
transverse section or longer or shorter, 'irregularly twisted vertical walls. An average thickness
of pillars and vertical walls amounts to about 0'15 mm. Both are usually perfectly superposed.
Galleries high , subrectangular or , less frequently, oval in outline; intersected by dissepiments.
Coenotubes continuing through a few interlaminar spaces occur here and there. Microstructure
of laminae homogenous with inanycalcification centers. A thin coating of a coarse-reticular
substance covered outwardly with a membrane occurs on both sides of laminae. Microstructure
of pillars and vertical walls condensed-reticular, in some places vacuolar, with calcification
centers visible in tangential section. Much the same as in the peripheral zone of laminae, here
occurs a sheath composed of a thick reticulum covered outwardly with a membrane (PI. XXXV,
Fig. 1b). Growth rhythmics distinct due to dar k growth inhibition surfaces in , laminae.

Discussion. - The specimens described are identical with th e holotype presented in
NICHOLSON'S illustrations (1892, PI. 28, Figs. 4-11) and refigured by LECOMPTE (1952, PI. 48,
Fig. 4). Herma tostroma episcopale differs from H . schliiteri NICHOLSON, H . perseptatum LE­
COMPTE and H. crassum (LECOMPTE) in a less homogenized micro structure of vertical elements
of th e skeleton with pre served fragment s of a th ick reticulum and vacuoles concentrated mostly
in th e marginal zon e. A ma rkedly homogenous central part of pillars and vertical walls doe s
not allow one to acknowledge th e microstructure of the species under study as a "cellular"
(= reticular in the pre sent paper) one, as suggested by STEARN (1966b , p. 109).

H . episcopale represents a transitional link between the species of Trupetostroma PARKS,
having a strongly vacuolar micro structure (e.g., T. laceratum LECOMPTE) and typical Hermato­
stroma with a completely homogenous structure of the central zone of laminae and vertica l
elements.

Stratigraphic and geographical distribution. - Middle Devonian (Givetian): England
(Soutli Devonshire), Germany (Eifel), France (Ancienies District), China (Gueizhou), Poland
(Western Holy Cross Mts.) ; Upper Devonian (Frasnian): ?Canada (Northwest Territories),
Belgium (Dinant Basin), Poland (Western Holy Cross Mt s.),

Hermatostroma scblutertNrcnotsox, 1886

(PI. XXXV, Fig. 2a-b)

1886b. Hermatostroma schlilteri NICHOLSON; H. A. NICHOLSON, A monograph , Text-fig. 16A-B, PI. j, Figs. 1 ~2,
1892. Hermatostroma schliiteri NICHOLSON; H. A. NICHOLSON, A monograph , pp. 215-219, Text-fig. 29-31.

PI. 28, Figs. 12-13. , . ,. .
(part) 1952. Hermatostroma polymorphum LECOMPTE; M. LECOMPTE, Les Stromatoporoides..., pp. 258-259, .PI. 47,

Figs: 3, 3a; PI. 48, Figs. 1, 1a. .
1955. Hermatostroma verchovense RIABININ; V. N. RIABININ, Verkhnedcvonskye..., pp. 30-31, PI. 21. Figs. J-2.
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1955. Hermatostroma djej imense RIABININ ; V. N. R IABININ. Verkhnedevonskye .. .. p. 31. PI. 21, Figs. 3-5.
1968. Hermatostroma schlliteri N ICHOLSON; E. F LUGEL & E. F LUGEL-KAHLER, Foss. Cat. , pt . 115. p, 380-381

(with synonymy) .

Localities. - Jurkowice-Budy (Stringocephalu s burtini bed s - Eastern Holy Cross Mts.),
Sowie G6rki Hill (loc. 2), Western Zelejowa Hill (loc. 7), Bolechowice-i.Jazwica" quarry
(loc. 16), Sitk6wka IV (loc . 20); Wietrznia quarry (loc. 34).

Material. - Two complete and nine fragmentary colonies (Z. Pal. St. 1/100 to 104,
121 to 123 and 133 to 135). .

Description. - Coenosteum ma ssive, irregularly bulbous. The largest specimen is
28 x 25 x 18 cm in size. Surface smooth with conspicuous mamelons 1 to ' 3 cm high .

Skeleton occupying 40 to 60 per cent of the volume of coenosteum. In the region of
mamelons, laminae are strongly bent upwards, their thickness varying within limits of 0·09
and 0·16 mm. On the average 5 to 6 laminae occu r in 2 mm. Vertical elements, limited by
one interlaminar space, consist mostly of longer or shor ter, twisted vertical walls and rare pillars.
Both are usually well superposed and the ir thickness amounts to 0·13 to 0·25 mm. Galleries
round or vertically extended oval in outline, varying in size between 0·12 and 0·27 mm and
usually intersected by dissep iments. Microstructure of skeletal elements homogenous, but
with a characteristic sheath, composed of thick, large-meshed reticulum covered with membrane.
Traces of trabecular structure are sometimes preserved in pillars and vertical walls in which
single, dark-coloured calcification axes are also visible (PI. XXXV, Fig. 2b). Growth rhythmics
regular , with gro wth discontinuity surfaces occurring in planes of laminae.

Discussion. - The specimens described are identical with the holotype, illustrated by
NICHOLSON (1886b, 1892) and refigured by LECOMPTE (1952) and STEARN (1966 b). Hermato­
stroma schliiteri differs from H . perseptatum LECOMPTE in a considerably more regular structure
of th e skeleton and presence of laminae, from H. crassum (LECOMPTE) in a sheat of a coarse­
-reticular substance occurring in the marginal zone of skeletal elements and from H. episcopale
NICHOLSON and H. porosum (LECOMPTE) in a considerably higher degree of homogenization
of the axial parts of skeletal elements. In the writer's opinion, H. verchovense and H . djejimense ,
described by RIABININ (1955) and separated by him only on the basis of the presence of astro­
rhizae and small differences in the dimension s ofparticular skeletal elements, are junior synonyms
of H. schliiteri.

Stratigraphic and geographical distribution. - Middle Devonian (Givetian): Germany
(Rhenish Mts.), Poland (Holy Cross Mts.) ; Upper Devonian (Frasnian) : USSR (Tirnan),
Belgium (Dina nt Basin), Poland (Western Hol y Cross Mt s.),

Hermatostroma crassum (LECOMPTE, 1952)

(PI. XXXV, Fig. 3a-b)

1952. Trupetostroma crassum LECOMPTE ; M. LECOMPTE, Les Stromatoporoides .. .. pp. 239-240, PI. 43. F ig. 4 ; PI. 44, F igs. 1.
l a.

1968. Trupetostroma crassum LEcoMPTE; E. FLUGEL & E. FLUGEL-KAHLER, Foss. Cat .• pt, 115. p. 112.

Localities. - Jurkowice-Budy (Stringocephalus burtini Beds - Eastern Holy Cross Mts.),
Bolechowice - "Nowiny" quarry (loc . 17), Sitk6wka V (loc. 22).

Material. - One complete and three fragmentary colonies (Z. Pal. St. 1/115 to 117
and 130).
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Description. - Coenosteum massive, hemispherical or irregularly bulbous, 16 cm in
diameter and 10 cm high. Surface smooth, gently fold ed, with 0·5 to 1·5 cm high mamelons.

Skeleton occupying about 70 per cent of the volume of coenosteum. Very massive, twisted
vertical walls and pillars 0·25 to 0·42 mm thick, limited by one interlaminar space and usually
well superposed are the main elements of the skeleton . Laminae poorly developed, composed
mostly of horizontal swellings of pillars and vertical walls connected with each other or inter­
rupted by foramina. Galleries high and na rro w, oval in outline, in some places turning into
0·12 to 0·26 mm thick coenotubes intersected by many dissepiments. Microstructure of skeleton
homogenous with a very thin, irregular sheath of a loo se, reticular substance covered outwardly
with a membrane. Rare spots of calcification centers are visible in transverse sections of vertical
elements. Growth rhythmics emphasized by the presence of darker growth discontinuity surfaces
in planes of laminae.

Discussion. - The species described, was originally assigned to the genus Trupetostroma
PARKS (LECOMPTE, 1952) but, later, STEARN (1966b) attracting attention to the presence of mem­
branes in the type specimen, suggested transferring thi s species to Hermatostroma. H. crassum
differs from H. schliiteri NICHOLSON in cons iderably thicker vertical walls and pillars having
a much thinner cover of a coarse-reticular substance and less strongly developed laminae and
from H. perseptatum LECOMPTEin better expressed laminae, which are to smaller extent replaced
by dissepiments and in a less solid skeleton.

Stratigraphic and geographical distribution. - Middle Devonian (Givetian): Belgium
(Dinant Basin) , Poland (Eastern and Western Hol y Cross Mts.) ; Upper Devonian (Frasnian) :
Belgium (Dinant Basin), Poland (Western Hol y Cross Mts.),

Genus ATELODICTYON LECOMPTE, 1951

Type species: Atelodictyon fallax L ECOMPTE, 1951 ; Middle Devonian (Couvin-Calceo/a sandalina beds), Belgium
(Dinant Basin).

Diagnosis. - Coenosteum consisting of straight, reticular laminae, here and there inter­
rupted by foramina and twisted, longer or shorter, thin vertical walls , straight or irregularly
branching and limited by one interlaminar space. Galleries subrectangular or irregular, usually
intersected by dissepiments. Microstructure of laminae reticular, frequently condensed or re- '
duced, loose, of vertical walls reticular, usually reduced to single , homogenous or fibro-normal
fibers . "

Discussion. - Atelodictyon differs from A ctinostroma NICHOLSON in the presence of vertical
elements, expressed not by pillars but by vertical walls limited by one interlaminar space and
from Anostylostroma PARKS, Simplexodictyon BOGOYAVLENSKAYA and Tienodictyon YABE &
SUGIYAMA in reticular laminae.

In the characteristics of A telodictyon published so far (cf. LECOMPTE, 1951; GALLOWAY,
1957; GALLOWAY& ST. JEAN, 1957; STEARN, 1966a and others), vertical elements of this genus
were erroneously determined as pillars, whereas th ey are expressed mo stly in the form of vertical
walls which in fact are visible in tangential sections of the type specimen (LECOMPTE, 1951 ,
PI. 15, Figs. 1 and 1d).

The reticular character of laminae and frequently also of the interlaminar skeleton, in­
dicates, in the present writer's opinion, a relationship of Atelodictyon to the stromatoporoids
with a typically reticular microstructure. Atelodictyon was most likely originated as a result of
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a gradual reduction in the original microreticulum which in extreme cases became limited
in vertical elements to single, thickened, straight or twisted fibers (for further explanation see
General Part).

Stratigraphic and geographical distribution. - Devonian (cosmopolitic) : North America,
Eurasia, Australia.

Atelodictyon pseudocolumnare (RIABININ, 1941)

(PI. X,Fig. 6; PI. XXXVI, Fig. 1a-c)

1941. Clathrodictyon pseudocolumnare RIABININ ; V. N. RI ABl NIN, Stromatoporoidei ... , pp. 90-91, PI. 1, Fi g. 8; PI. 2,
Figs. 1-5. .

1957. Clathrodictyon compositum YAVORSKY; V. I. YAVORSKY, Stromatoporoidea ... , p . 18, PI. 7, Figs, 4-7 .
1968. Clathrodictyon pseudocolumnare RIABININ; E. FLOGEL and E. FLUGEL-KAHLER, F oss. Cat. , pt. lIS, p. 332.

Localities. - Radkowice-Soltysia Hill (loc. 11), Bolechowice-i.Panek" quarry (loc. 16),
Sitk6wka III and IV (loc. 20 and 21).

Material. - Twelve fragmentary colonies (Z. Pal. St. J /22 to 24, 28 to 32, 34,
36, 37, 39).

Description. - Coenosteum massive, irregularly bulbous. Dimensions of the largest
fragments amount to 34 x 24 x 18 cm. Surface smooth with irregular mamelons 0·3 to 1·2 mm
high.

Skeleton very delicate, occupying about 35 per cent of the volume of coenosteum. Laminae
reticular, straight, frequently wedged out, very thin (0'05 to 0·09 mm), 5 to 7 of them occurring
in 2 mm. Rare, small foramina occur in laminae. Vertical elements, limited by one interlaminar
space, occur in the form of very thin (0'03 to 0·06 mm), interrupted vertical walls vermicularly
twisted, frequently irregularly branched and forming a loose, tangled mass within an interlaminar
space. Galleries variable in height, usually high, irregular or subrectangular in outline, intersected
by slightly convex dissepiments. Growth increments uneven the smallest 0·15 mm, the largest
0·95 mm high'. Growth inhibition surfaces, darker than the skeleton, are distributed in upper
parts of laminae: Microstructure of laminae coarse-reticular, of vertical walls homogenous with
traces of a fibro-normal one.

Discussion. - The species described was assigned by RIABININ (1941) to the genus
Clathrodictyon NICHOLSON & MURIE and , later, transferred by GALLOWAY & ST. JEAN to Ano­
stylostroma PARKS. The type specimen of Atelodictyon pseudocolumnare which the present writer
had an opportunity to examine at the Palaeontological Museum in Moscow (Cat. No. 101-5)
had', however, markedly reticular laminae which allows one to assign it unequivocally to
A telodictyon.

A. pseudocolumnare differs from the related A . trautscholdi (RIABININ) and A. fallax
LECOMPTE in 'thinner and more tangled vertical walls and a looser reticulum in laminae, from
A. intercalare GALLOWAY & ST. JEAN in strongly developed laminae and from A. stelliferum
STEARN and A. ordinatum STEARN in considerably more reduced vertical walls, which, in the last­
-named species, form a dense reticulum within the interlaminar space.

.Stratigraphic and geographical distribution. -:- Middle Devonian: USSR (Kuznetsk Basin),
Poland (Western Holy Cross Mts.); . Upper Devonian (Frasnian): USSR (Main Devonian
Field), Poland (Western Holy Cross Mts.). ,
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Atelodictyon trautscholdi (RIABININ, 1941)

(PI. XXXVI, Figs. 2a-b, 3)

1941. Actinostroma trautscholdi RIABININ; V. N. RIABININ, Stromatoporoidei..., pp. 87-88, PI. I, Figs. 1-2.
1951. Stromatoporella bifida LECOMP~ ; M. LECOMPTE, Les Stromatoporoldes ..., pp. 192-193, PI. 29, Figs; I, IG, 2, 2a,3-4.
1955. Stromatoporella mirabilis YAVORSKY; V. I. YAVORSKY" Stromatoporoidea..., pp. 120-121 , PI. 64, Figs. 2-5.
1957. Actinostroma mirum YAVORSKY; V. I. YAVORSKY, Stromatoporoidea..., pp. 8-9, PI. 2, Figs. 1-2. '
1957. Actinostroma trautscholdi RIABININ; V. I. YAVORSKY, Stromatoporoidea ..., pp. 9-10, PI. 2, Figs. 3-4.
1957. Hermatostroma porkhovense YAVORSKY ;'V. I. YAVORSKY, Stromatoporoidea ..., p, 58, PI. 30, Figs. 2-4.
1966. Stromatoporella cf. mirabilis YAVORSKY ; J. E. KLOVAN, Upper..., p . IO-lI , PI. 2, Figs. 3, 4a-b.
1968. Actinostroma trautscholdi RIABININ; E. FLOGEL & E. F'LOGEL-KAHLER, Foss. Cat., pt , 116, p. 429-430.

Locality. - Bolechowice, .Panek" quarry (Ioc. 16).

Material. - Seven large fragmentary colonies (Z. Pal. St. 1/21, 25 to 27, 38, 40, 41).

Description. ---" Coeno steum massive, hemispherical or irregularly bulbous. Dimensions
of the largest fragment amount to 22 x 21 x 15 cm. Character of surface invisible.

Skeleton delicate , occupying about 35 per cent of the volume of coenosteum. Laminar
straight, intersected by rare foramina, 6 to 8 of them occurring in 2 mm, their thickness
varying from 0·05 to 0·10 mm. Vertical element s in the form of short, twisted vertical walls
and rare pillars 0·07 mm thick and limited by a single interlaminar space. Walls and pillars are
perpendicular to the surface of laminae but sometimes they bend and branch. Micro structure
of laminae reticular-condensed, of vertical elements homogenous, here and there fibro-normal,
Growth increments variable (0' 10-0·75 mm), their size corresponding to the height of
interlaminar spaces.

Discussion. - The species described was assigned by RIABININ (1941) to the genus Actino­
stroma NICHOLSON and subsequently transferred by GALLOWAY & ST. JEAN (1957, p. 241)
to Anosty lostroma PARKS. YAVORSKY (er. FLUGEL-KAHLER, 1968, p. 430) expressed the view
that it should be transferred to Trupetostroma PARKS. The characters of the type specimen of
Atelodictyon traut scholdi, which the present writer had an opportunity to study at the Palaeon~

tological Museum in Mosco w (Cat. No. 101-18), indicated that it belonged to A telodictyon.
A. traut scholdi has not superposed vertical elements of skeleton characteristic of A ctinostroma
and Trupestroma and vacuoles typical of the latter genus and it differs from Anosty lostroma
in microreticular laminae, the presence of vertical walls and very few pillar s. .

A. trautscholdi differs from A . pseudocolumnare (RIABlNIN) in straight vertical element s
of skeleton and more conden sed microreticulum which forms laminae and from A. stelliferum
STEARN and A. ordinatum STEARN in vertical walls and pillars reduced to single fibers and bran­
ching to a very small extent only.

Stratigraphic and geographical distribution. - Middle Devonian (Givetian): USSR
(Kuznetsk Basin) ; Upper Devonian (Frasnian) : USSR (Main Devonian Field) , Canada (Al­
berta), Belgium (Dinant Basin), Poland (Western Holy Cross Mts.),

Genus ACTINOSTROMA Nrcaots ox, 1886

Type species: Actinostroma clathratum NICHOLSON, 1886(= TActinostroma papillosum (BARGATZKY, 1881) ; Middle
Devonian (?Givetian), Germany (Rhenish Mts.).
1968a. Bifa riostroma ; KHALFINA, p, 58.

Diagnosis. - Coenosteum consisting of coarse reticular laminae sometimes replaced
by dissepiments. In laminae, rare foramina are hidden by dissepiments. Vertical elements
P al a eo n tologla P olonica No. 26 9
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consiting only of pillars which continue through several laminae, or, less frequently, limited
by one interlaminar space. Microstructure of skeleton homogenous with traces of a trabecular
one in pillars.

Discussion. - Actinostroma differs from Plectostroma NESTOR in the presence of straight,
regular laminae, from Atelodictyon LECOMPTE in the lack of vertical walls and from Gerro­
nostroma YAVORSKY in reticular laminae.

Actinostroma clathratum, determined by NlCHOLSON (1886b) as a type species of Actino­
stroma is a subject 'of controversy. As follows from studies on the typical material (cf.
LECOMPTE, 1951) NlCHOLSON very broadly understood the range of A. clathratum, whereas
in the opinion of some other authors (SLEUMER, 1969), at least part of the typical collection
of specimens belongs to the previously described Actinostroma papillosum (BARGATZKY).
Until a penetrating revision is made of typical materials of the two species mentioned above,
the present writer acknowledges with a reservation A. clathratum to be a type species.

Actinostroma is among the most numerous and most cosmopolitan Devonian represen­
tatives of. the Stromatoporoidea. On account of its very simple structure of skeleton, most
authors separated species on the basis of quantitative characters or differences in the outer
morphology of coenosteum devoid of a diagnostic significance, which led to the division of
this genus into a vast number of species. This number, amounting to 141, was reduced by
E. FLUGEL (1959) to 36. This author conducted the revision of Actinostroma, basing it mostly
on a statistical analysis of the number and dimensions of skeletal elements and not explaining
in detail its origin and evolutional trends in the morphology of skeleton. Most structural dif­
ferences between the species of Actinostroma which remained after FLUGEL'S (I. c.) revision were
considered by SLEUMER (1969) as symptoms of an intraspecific variability, caused mostly by
environmental factors. According to the last named author, Actinostroma is represented merely
by a few species, Gerronostroma YAVORSKY and Atelodictyon, LECOMPTE, as well as probably
Clathrostroma YAVORSKY and Plectostroma NESTOR being junior synonyms of this genus.
SLEUMER, much the same as FLUGEL, does not try to explain the origin of Actinostroma and
indicate its possible relationships to other genera of the Stromatoporoidea. In contradistinction
to all other authors, SLEUMER was of the opinion that laminae in Actinostroma were not composed
of horizontal processes connecting pillars ("arms") but of cystlike plates which only in tangential
sections gave an impression of processes. SLEUMER'S interpretation of laminae is, in the present
writer's opinion, a misunderstanding, resulting from the material SLEUMER had at his disposal
and which mostly belonged to non-typical group of Actinostroma verrucosum (GOLoFUSS) with
thickened microreticular laminae and with interlaminar spaces containing, in addition to
a loose, irregular mesh, also numerous dissepiments. In all other species of Actinostroma,
laminae consist of a single-layer network with thick fibers, termed by NlCHOLSON (1886b)
as a "hexactinelloid" structure and which has never been observed in stromatoporoids having
pillars connected with each other by dissepiments arranged in laminae (e.g., Labechia
M. EOWAROS & HAlM). Dissepiments, if they occur at all in species of Actinostroma, always
make ul? only suplementary elements of laminae composed of horizontal processes. Compact,
thick microreticular laminae of Gerronostroma YAV. are indicative of the separateness of
this genus from Actinostroma.

The identity of Atelodictyon and Actinostroma, suggested by SLEUMER (1969), is, in the
present writer's opinion, only seeming, since vertical walls, occurring in the former, give evidence
for the fact that Atelodictyon belongs to another evolutionary lineage of the Stromatoporoidea
(cf. General Part). .
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The coarse reticular character of laminae in Actinostroma, in the writer's opinion, serves
to show a relationship of the repre sentatives of thi s genus to a group of the stromatoporoids
with a microreticular structure. Actinostroma makes up a continuation of a ' lineage started
in the Early Silurian by Densastroma FLUGEL having a very fine, irregular skeletal reticulum.
As a result of a gradual reduction of skeletal fibers, with a simultaneous th ickening of pillars,
Densastroma evolved into the Silurian-Lower Devonian Plectostroma N ESTOR, in which hori­
zontal element s formed a reticulum not yet arranged in regular laminae. Through the formation
of straight laminae and a continued thickening of pillar s, Plectostroma evolved into ~the Middle
and Late Devonian Actinostroma (cf. PI. XLI, Figs. 1-6). The proces s of the thickening of
pillars reaches its peak stage in several species of the Late Devonian Actinostroma (e.g. , A. eras­
sepilatum LECOMPTE, A . crassum LEcoMPTE, A . petrovi RIABININ).

Another lineage of Actinostroma is probably repre sented by species of Actinostroma
verrucosum (GOLDFUSS) group in which thick laminae still have a fine-reticular character and
pillars are limited to one interlarninar space and by species of Actinostroma stellulatum NI­
CHOLSON group, in which, with the reduction of laminae to a single-layer , large-meshed re­
ticulum, pillars are not superposed and are also limited by one interlaminar space . This group
is likely to be also related to Actinostroma bifarium NICHOLSON in which, in addition to long ,
continuous pillars, there occur numerous, thinner ones which are limited by one interlaminar
space.

Stratigraphic and geographical distribution. - Devonian (mainl y Middle and Upper):
North America, Eurasia, Australia.

Actinostroma compactum RIPPER, 1933

(PI. XXXVII, Fig. 1a-b)

1933. Ac tinostroma campactum RIPPER; E. A. RIPPER:The Stromatoporoids ... , pp. 153-154, Fig. 5A-B.
1937. Ac tinostroma campactum RIPPER ; E. A. RiPPER, On the stromato poroids ... , pp. 15-16, PI. 2, Figs. 7-8.
1959. Actinastrama campactum RIPPER ; E. FLOGEL, Die Gattung ... , pp. 134-135 (revision).
1968. Actinastrama campactum RIPPER ; E. FLOGEL & E. FLOGEL-KAHLER, Foss . Cat ., pt , 115, p.81 (with synonymy).

Locality. - Jurkowice-Budy (Strin gocephalus burtini Beds - Eastern Holy Cro ss Mts.).

Material. - Th ree complete colon ies (Z. Pal. St. 1/271, 275, 356).
Dimensions (in mm):

Z. Pal.
Lam in a e P ill a rs

Cat. No . max/2 mm I min/2 mm I thickness max/2 mm I min/2 mm I thickness

St. 1/271 11 8 0.05-0.09 11 9 0.08-0.12
St. 1/275 10 8 0.05-0.08 12 10 -- 0.07-0.11 "
St. 1/356 10 9 0.06-0.09 12 10 0.08-0.11

- I

Description. - Coenosteum massive, spherical or hemispherical, 11 cm in diameter.
Surface smooth, with irregular, 0·5 to 1·5 cm high mamelons. Laminae poorly developed ,
consisting of horizontal process es, which irregularly detach themselves from pillars and , in
tangential sections , form a thick, singlelayer network. Horizontal processes deviate from pillars
at various levels and , consequently, laminae are irregular and frequently interrupted. Pilla rs

9*
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long, sometimes slightly twisted , intersecting several interlaminar spaces, rou~d in transverse
sections. Galleries irregularly oval or subrectangular in outline. Dissepiments absent. Micro­
structure of skeleton homogenous. Traces of a calcification axis, darker- or brighter-coloured
than the skeletal substance, occur ~n the central part of pillars.

Discussion. - Horizontal processe s in Actinostroma compactum, not yet arranged in a la­
minar system , indicate that thi s species makes up a form transitional from the repre sentatives
of Plectostroma N ESTOR devoid of laminae to typical Actinostroma with clearly defined laminae
(e.g., Actinostroma papillosum (BARGATZKY)). The writer does not agree with FLUGEL'S (1959,
p. 135) suggestions that A . compactum is a transitional form between the group of species of
A. clathratum and that of A. stellulatum , as this species has continuos pillars, radically differing
from short pillars of A. stellulatum, limited by one interlaminar space.

A. compactum differs from species, related in the 'structure of coenosteum to A. verru­
cosum. (GOLDFUSS) in single-layer, coarse reticular laminae and continuous pillars and from
A. crassepilatum LECOMPTE in irregular, interrupted laminae and considerably thinner pillars.

Stratigraphic and geographical distribution. - Lower Devonian (Upper Siegenian) :
Australia (Victoria); Middle Devonian : Au stralia (Victoria), Austria (Carnic Alps), Poland
(Eastern Holy Cro ss Mts.).

Actinostroma aff. geminatum LECOMPTE, 1951

(PI. XXXVII , Fig . 2a-b)

1951. Actinostroma geminatum LECOMPTE ; M . LECOMPTE, 'Les Stromatopo roides ... , pp. 106-107, PI. 8. Figs. 5, Sa.
1959. Actinostroma geminatum LECOMPTE; E. FLUGEL, Die Gattung ... , p. ]20.
]968. Actinostroma geminatum LECOMPTE; E. FLUGEL & E. FLUGEL-K AHLER, Foss. Cat. , pt. 115, p. 172.

Locality. - Sitk6wka IV (loc. 21).

Material. -'- Two fragmentary coloni es (Z. Pal. St. 1/383 and 410).
Dimensions (in mm) :

L a m i n ae P i 11a r s
Z. Pal.

Cat. No. max/2 mm I min/2 mm I thickness max /2mm I min/2 mm I thickness

St . 1/383 11 8 0.]0-0.25 8 7 0.08-0.18
St. 1/410 10 6 0.09-0.25 8 6 0.09- -0.16

I
Description. - Coenosteum massive, irregularly bulbous. The larger of the two specimens

is 24 x 14 x 12 cm in size. Character of surface invisible.
Laminae thick, strongly expressed, with upper surface even and lower irregularly frayed ,

strongly varying in thickness, in extreme cases replaced by dissepiments and composed of a den­
ser or looser, irregular microreticular tissue . Pillars two of types: thicker, intersecting several
laminae and thinner, more numerous and limited by one interlaminar space . Both are straight
and round in transverse section: Galleries wide, subrectangular in outline, intersected by rare,
large, flat dissepiments. Microstructure of pillars homogenous with dark axes of calcification
centers preserved in central part -of some of the pillars.
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Discussion. - The specimens described are identical with the holotype illustrated in
LECOMPTE'S work, but for the lack of photographs of a tangential section of the holotype,
cannot be fully compared with it. Photographs of the holotype's vertical sections are in LE­
COMPTE'S work reproduced in a reverse position which is clearly indicated by the situation of
astrorhizae. .

. Thick, fine-reticular laminae of A. aff. geminatum are indicative of this species relationship
to Actinostroma verrucosum (GOLDFUSS), from which it differs in the presence of thick, continu­
ous pillars. Actinostroma geminatum is also related to A . conglomeratum LECOMPTE and A. ma­
montovi YAVORSKY, from which it differs in considerably thicker laminae and the presence of
two types of pillars.

The occurrence of long and short pillars makes the species described similar to A. bi­
farium NICHOLSON, from which it differs in thick laminae having a dense, microreticular structure
(cf. PI. XXXVII, Fig. 2b).

Stratigraphic and geographical distribution. - Middle Devonian: Belgium (Calceola
sandalina .beds - Dinant Basin), Poland (Givetian - Western Holy Cross Mts.).

Actinostroma stelIulatum NICHOLSON, 1886

(PI. XXXVII Fig. 3a-b)

I886a. Actinostroma stellulatum NICHOL~ON ; H. A. NICHOLSON, On some..., pp. 231-233, PI. 6, Figs. 8-9.
?1951. Actinostroma sertiforme LEcoMPTE; M. LECOMPTE, Les Stromatoporoides ... , pp. 123-125, PI. 15, Figs. 1-2.
1959. Actinostroma stellulatum NICHOLSON ; E. FLUGEL, Die Gattung..., pp. 179-185, PI. 6; Fig. 5; PI. 7; Fig. 4

(revision). ..
1968. Actinostroma stellulatum NICHOLSON ; E. FLUGEL & E. FLUGEL-KAHLER, Foss. Cat. , pt. 115, pp. 401-403 (with

synonymy).

Localities. - Bolechowice - "Jazwica" quarry (Ioc. 10), Radkowice - Soltysia Hill
(Ioc. 11), Kowala - railway cut (Ioc. 12), "Kowala" quarry (Ioc. 13), Sitk6wka V (Ioc. 22).

Material. - Thirty seven fragmentary and complete colonies (Z. Pal. Cat. No. St.I/308
to 318, St. 1/320 to 340, si. 1/342 to 343), St. 1/269, si. 1/274, S1. 1/277).

Dimensions (in mm): .

Z. Pal. Laminae Pill a r s I
Cat. No. max/2mm I min/2mm I thickness max/2 mm I min/2 mm I thickness

St. 1/269 14 11 0.03-0.09 13 11 0.05-0.09
St. 1/277 13 9 0.04-0.11 13 10 0.05-0.11
St. 1/323 14 10 0.03-0.10 12 10 0.05-0.09
St. 1/335 14 9 0.04-0.12 13 9 0.04-0.10

Description. - Coenosteum massive, spherical , hemispherical or irregularly bulbous.
The largest, complete colonies reach 32 cm in diameter. Surface smooth, with or without
mamelons. . .

Laminae clearly defined thin, composed mostly of a one-layer network sometimes thick­
ened. Most laminae are even, but there also frequently happen irregularly folded or
wedging-out ones. In the zones of growth disturbance (Iatilaminae), the laminar system of
the structure .of coenosteum is obliterated and horizontal elements of the skeleton are deve-
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loped in the form of twisted lamellae or flat dissepiments. In addition to thin horizontal processes
deviating from pillars, a very fine, dense reticulum forms another component of laminae.
Spaces between laminae varying within limits of 0·05 and 0·25 mm and averaging 0·12 mm.

Pillars, limited by one interIaminar space, are perpendicular to the surface of laminae and
usually conspicuously extended in the upper part. A considerable number of pillars is super­
posed over longer stretches of coenosteum. In transverse section , pillars are irregular in outline
and display the presence of usually dark spots of calcification centers (traces of compound
trabeculae-?). Galleries wide, semicircular or subrectangular in outline, intersected by rare,
flat dissepiments.

Discussion. - A. stellulatum differs from all other species of Actinostroma in very fine
skeletal elements, laminae with only slightly developed horizontal processes and pillars limited
by one interlaminar space. In the writer's opinion, the presence of numerous astrorhizae, empha­
sized by NICHOLSON (1886a) and which are very few or , in many specimens , lacking at all, is
insignificant diagnostically for this species. The structure of coenosteum makes A. stellulatum
similar to ,some ofthe representatives of Atelodictyon LECOMPTE (e. g. A. fallax LECOMPTE).
Actinostroma sertiforme LECOMPTE, which, in the writer 's opinion, was erroneously transferred
by FLOGEL (1959) to the genus Clathrodictyon NICHOLSON& MURIE, is probably a junior synonym
of A. stellulatum. This species is identical in structure and dimensions of skeletal element s
with A. stellulatum and differs only, in some places, in a somewhat greater number of twisted
laminae and dissepiments which does not seem to be a sufficient reason for acknowledging the
specific ' separateness of this form.

Stratigraphic and geographical distribution. - Middle Devonian (cosmopolitic): USSR
(Ural Mts., Kazakhstan, Kuznetsk Basin) , Australia (Victoria) , Germany (Eifel, SauerIand),
England (Devonshire), Belgium (Dinant Basin), Austria (Carnic Alps), Italy (Carnic Alps) ,
Marocco (Tizi Merakib), Poland (Western Holy Cross Mts.); Upper Devonian (Frasnian) ;
Belgium (Dinant Basin) Poland (Western Holy Cross Mt s.).

Actinostroma papillosum (BARGATZKY, 1881).
(PI. XXXVIII , F ig. 1a-b ; PI. XL, Fig. 1a-b)

1881. Stromatopora papillosa BAROATZKY; A. BAROATZKY, Di e Strom at op oren .. ., p. 282 .
1951. Actinostroma papillosum (BAROATZKY) ; M. LECOMPTE, Les Stromatoporoi'des .. . , p. 85, PI. 1, Fig. 11

(illu strat ion of holotype).
1959. Actinostroma papillosum (BAROATZKY); E. FLu o EL, Die Gattung ... , pp. 167-172 (revision).
1968. Actinostroma papillosum (BAROATZKY); E. F LUOEL& E. FLuo EL-KAHLER, Foss. Cat., pt. 115, pp. 303-304

(with synonimy),
(part) 1969. Actinostroma papillosum (BAROATZKY) ; B. H. G. SLEUMER, D evonian. ; pp. 30-32, PI. 15, Fi g. 1, PI. 18,

Fig. 2.
?1886a. Actinostroma clathratum NICHOLSON; H. A. NI CHOLSON, On some .. ., pp. 226-228, PI. 6, Fi gs. 1-3.

For a complete synonimy see FLu o EL, 1959, p. 129 and FLuo EL & FLuoEL-KAHLER, 1968, p. 69.
?1886a. Actinostroma hebbornense NICHOLSON ; H . A. NICHOLSON, On some .. ., pp . 228-229 , ' PI. 7, Figs. 7-8.

F or a complete synonymy see FLuoEL, 1959, p. 146, and FLuoEL & FLUOEL-KAHLER, '1968, p. 186.

Localities. - Radkowice-Soltysia Hill (loc. 11), "Kowala" quarry (loc. 13), Sitkowka Ill ;
IV arid V (locs. 20, 21 and 22).

Material. - Sixty complete and fragmentary colonies (Z. Pal. St. 1/245, St. 1/261,
St. 1/265, St. 1/270, St. 1/272, St. 1/276, St. 1/297, St. 1/299 to 301, St. 1/357, St. 1/391 to 409,
St. 1/411 to 415, St. 1/418, to 433, St. 1/434 to 438, St. 1/445 to 449.
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Dimensions (in mm):

Lam inae Pill ar s IZ. Pal.
Cat. No. rnax/z mm I min/2 mm I thickness max /2 mm I min/2 mm I thickness

St. 1/261 9 8 0.05-0.12 7 6 0.08-0.15
St. 1/270 9 8 0.05-0.10 7 6 0.06-0.13
St. 1/276 10 8 0.05-0.11 8 6 0.06-0.12
St . 1/357 9 7 0.06-0.11 8 7 0.08-0.13

Description. - Coenosteum ma ssive, spherical, hemispherical, bell-l ike or irregularly
ball-shaped . The large st colony is 70 cm wide at the base and 40 cm high. Surface smooth ,
irregularly folded, sometimes with mamelons.

Laminae clearly defined, straight or gently undulating, composed of thin horizon ta l
processes of pillars forming a loose network clearly visible in tangential sections. In some of the
spec imens, the laminar network is here an d there covered with thin, flat lamellae of the nature
of dissepiments. Pillars continuous, intersecting several interlaminar spaces, usually st raight
but in some of the specimens bent or bifurcated . In transverse sect ions, pillars are ang ular or
irregularly circular in outline. Galleries variable in height, wide , mostly rectangular and less
frequently subrectangular or oval in outline. Dissepiments occur sporadically in galleries. Micro­
structure homogenous. Traces of calcification axes in the form of one or a few darker spots
against the back-ground of a lighter-coloured skeletal substance (?traces of simple and
compound trabeculae) are visible in transverse sections through pillars.

Discussion. - A. papillosum is the mo st numerous representative of the Stromatoporoidea
occurring in the section of the uppermost Middle Devonian and transitional beds between
the Middle an d Upper Devonian of the area under study. If LECOMPTE'S (1951), SCHOUPPE'S
(1954) an d SLEUMER'S(1969) suggestions , concerning the identity of A . papillosum an d A . clathra ­
tum NICHOLSON would prove true the species described will turn out to be one of the mo st
widely distributed species of all the stromatoporoids described thus far.

A. papillosum differs from A . crassepilatum l ECOMPTE an d A . expansum (HALL & WHIT­
FIELD) in considerably thinner pillars and in laminae having more del icate horizontal processes,
Uni-Iamellar coarse-reticular laminae an d continuous pillars differ A. papillosum from A . vertu­
cosum (GOLDFUSS) and A. geminatum LECOMPTE. In contradistinction to A. bifarium N1CHOLSON,
A. papillosum has pillars of one type on ly an d which are more or less uniform in thickness and
continuing over long stretches of coenosteum. .

Stratigraphic and geographical distribution. - Middle D evonian (mainly G ivetian) ­
Upper Devonian (Lower Frasnian): Canada (Alberta), Australia (Victoria), Germany, England,
Austria, Ita ly, Czechoslovakia, US SR (Ural Mts., Turkestan), Poland (Western Holy Cross
Mts.).

Actinostroma bifarium NI CHOLSON, 1886

(PI. XXXVIII, Figs. Za-b and 3; PI. XXXIX, Figs. 1a-b and 2a-b)

1886a. Actinostroma bifarium N ICHOLSON ; H. A. NICHOLSON. On some .. ., p. 231, PI. 6, F igs. 4-5.
1951. Actinostroma bifarium NICHOLSON; M. LECOMPTE, Les Stromatoporoides ... , pp. 104-105, PI. 8, Figs . 1-3.
1959. Actinostroma bifarium NICHOLSON; E. FLUGEL, Die Gattung ... , pp. 127-129, PI. 7, Fig. 2 (revision).
1968. Actinostroma bifarium NICHOLSON; E. FLUGEL& E. FLUGEL-KAHLER, Fo ss. Cat., pt, 115, p.46 (with synomymy),
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Localities. - Western Zelejowa Hill (loc . 7), Bolechowice-i.Jazwica" quarry (loc . 10),
Radkowice-Soltysia Hill (loc. 11), Kowala - railway cut (loc. 12), .Kowala' ' qua rry (loc. 13),
Bolechowice-i.Panek" quarry (loc. 16), Sitk6wka 111, IV and V (locs. 20,21 and 22), Kadzielnia
quarry (loc. 33).

Material. - Forty complete and fragmentary colonies (Z. Pal. St. 1/248, St. 1/251 to 259,
St. 1/266 to 267, St. 1/273, St. 1/363 to 382, St. 1/384 to 387, St. 1/389 to 390, St. 1/467).

Dimensions (in mm):

Laminae . P i 11a r s IZ. Pal.
Cat. No. I I I I

thickness
max/2 mm min/2 mm thickness max/2 mm min/2 mm short long

St. 1/254 13 11 0.03-0.05 9 7 0.05·-- 0.08 0.13- 0.25
sr, 1/259 12 9 0.03-0.04 9 8 0.05-0.07 0.17- 0.26
si. 1/266 11 10 0.03-0.05 8 7 0.07- 0.09 0.12- 0.20
si. 1/273 11 9 0.04-0.05 8 7 0.05- 0.08 0.12-0.22

Description. - Coenosteum massive, irreg ularly bulbous disclike or lamellar. Th e largest
colony is 42 x 34 x28 cm in size. Sur face smooth, irreg ularly folded, with or witho ut mamelons.

Laminae clearly defined, usually straight, arcuate between pillars , freq uently inte rrupted
and replaced by dissepiments, consisti ng of horizontal processes deviating from pillars and
formi ng a uni-lamellar, loose network with meshe s po lygonal in outli ne. In some parts of
coenosteum, horizontal processes deviate from pillars at various levels and the laminar system
of str ucture is obliterated in such places (cf. PI. XXXV, Fig. 1a). Pilla rs are of two types: short
and thin ones , limited by one interlaminar space, usually extended in upper parts and longer
ones , cons iderably thicker and intersecting several interlaminar spaces. Shorter pilla rs are
usually much more numerous, but in some of the specimens longer pillars may pre dominate.
Galleries wide, variable in height , subrectangular in outline, rary intersected by dissepiments.
Microstructure of skeleton homoge no us. Dar k, centrally situated spots of calc ification centers
are visible in transverse sections of pillars.

Discussion. - Th e presence of the two types of pillars referre d to above differs the species
described from the species of Actinostroma. Two types of pillars are also a character of Act ino­
stroma geminatum L ECOMPTE but A . bifarium differs from it in thin , un i-larnella r lam inae com­
posed of horizontal processes. Th e species descr ibed was probably evolved from forms, having
the structure of A. geminatum, as a result of a far-a dvanced reduction of micr oreticulum in
lam inae.

Stratigraphic and geographical distribution. - Midd le Devon ian (G ivetian): Germany
(Rhenish M ts.), Belgium (Dinant Basin), Aust ria (Graz, Carnic Alps), Italy (Carnic Alps),
Poland (Western Holy Cross Mt s.) ; Upper Devonian (Frasnian): Belgium (Dinant Basin),
Poland (Western Holy Cro ss Mt s.).

Actinostroma expansum (HALL & WHITFIELD, 1873)

(PI. XL , Fig. 2a-b; PI. XLI . Fig. 5)

1873. Stromatopora expansa HALL & WHITFI ELD; J. HALL & R. WHITFlELD, Descript ions ... . p. 226, PI. 9, Fig. 1.
1891a. Actinostroma expansum (HALL & WHITFIELD) ; H. A. NICHOLSON. On some... , pp. 316-317, PI. 10, Figs. 1-2.
1936. Actinostroma eXp a /lSlI1II (HALL& WHITFlELD) ; w. A. PARKS, Devon ian .. ., pp. 118-121, PI. 19, Figs. 3-6 (rediscrip-

tion of topotypes),
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1957. Ac tinostroma expansum (HALL & WHITFIELD); J. J. GALLOWAY, Structure , PI. 1, Fig. 9 (refigured topotypc).
1959. Actinostroma expansum (HALL & WHITFIELD); E. FLOGEL, Die Gattung , pp. 143-145 (revision).
1968. Actinostroma expansum (HALL & WHITFIELD); E. FLUOEL & E. FLUGEL-KAHLER, Foss. Cat. , pt. 115, pp. 154-155

(with synonymy).

Localities. - Jurkowice-Budy (Stringocephalus burtini Beds - Eastern Holy Cross Mts .),
Sitk6wka III and IV (Iocs. 20 and 21), Jaworznia-Moczydlo Hill (Ioc. 25), Jaworznia
quarry (Ioc. 26).

Material. - Five complete and four fragmentary colonies (Z. Pal. St. 1/260, St. 1/262
to 264, St. 1/296, St. 1/442 to 444, St. 1/468).

Dimensions (in mm):

La mi nae Pill a r s IZ. Pal.
Cat. No. max/2mm I min/2 mm I thickness max/2 mm I min/2 mm I thickness

St. 1/260 11 10 0.05-0.07 6 5 0.12-0.22
St. 1/262 11 9 0.04-0.06 6 5 0.16-0.25
St. 1/296 10 9 0.06-0.08 7 6 0.12-0.20
St. 1/468 10 9 0.06-0.09 7 5 0.15-0.22

Description. - Coenosteum massive, spherical or hemispherical, 18 cm in diameter in
the largest specimen. Surface smooth, gently undul ating. .

Laminae clearly defined, straight or slightly twisted , frequently interrupted and, in some
parts, replaced by dissepiments. Laminae composed of thick horizontal processes deviating
from pillars and forming a wide- and polygonal-me shed reticulum, here and there supplemented
by dissepiments. Pillars continuous, straight, considerably thicker than laminae, in transverse
section circular or subangular in outline. Galleries variable in height , wide, mostly subrectan­
gular and less frequentl y circula r in outline. Dissepiments lacking in galleries. Microstructure
homo genou s with single calcification centers occurring in pillars.

Discussion. - The specimens under study are identical with the topotypes described and
figured by PARKS (1936). In its structure and dimensions of skeletal elements , A. expansunt
makes up a transitional link between A. papillosum (BARGATZKY), having thinner pillars and
horizontal processes, and species of Actinostroma with extremely thick pillars which occur
'mostly in the Upper D evonian (e.g., A. crassepilatum LECOMPTE, A. petrovi RIABININ).

Stratigraphic and geographical distribution. - Middle Devonian (Upper Givetian): USA
(Missour i), Canada (Dawson Bay), Poland (Holy Cross Mts.) ; Upper Devonian (Frasnian):
.USA (Iowa) , Poland (Holy Cross Mt s.). .

Actinostroma crassepilatum LECOMPTE, 1951

(PI. XL, Fig. 3a-b ; PI. XLI, Fig. 6)

1951. Actinostroma crassepilatum LECOMPTE ; M. LECOMPTE,·LeSStromatoporoides..., .PP. 122-123, PI. 13, Figs. 3, 3ci.
1951. Actinostroma tabulatum LECOMPTEvar. crassum LECOMPTE; M. LECOMPTE, Les Stromatoporoides..., pp. 103-104,

PI. 7, Fig. 3. .
1958. Actinostroma crassepilatu m LEcoMPH.; V. ZUKALOVA, Stromatoporoidea..., p. 317, PI. 1, Fig. I.
1959. Actinostroma crassepilatum LECOMPTE; E. FLUGEL, Die Gattung ..., pp. 137-139 (revision).
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1966. A . cf. crassepilatum LECOMPTE; J. E. K LOVAN, Upper ... , pp. 20-21, PI. 6, F ig. 2a-b.
?1966. Actinostroma redwaterense K LOVAN; ' J. E. K LOVAN, Upper ..., pp . 19-20, PI. 6 , Fig. 1a-b.

1968. Actinostroma crassepilatum LECOMPTE; E. FLiiGEL & E. FLiiGEL-KAHLER, Fo ss. Ca t., pt. 115, pp. 109-110 (with
complete synonymy).

Localities. - Bolechowice-i.Jazwica" quarry (loc . 10), Kowala - railway cut (loc. 12),
"Szewce" quarry (loc. 14), Czerwona G6ra Hill (loc . 15), Bolechowice - .P anek'' quarry
(loc . 16), Bolechowice - "N owiny" quarry (Ioc. 17), Sitk6wka I, 11 and V (Iocs. 18, 19 and 22),
Babia G6ra Hill (loc. 23), Sukow-Babi e (Ioc. 24), Kadzielnia quarry (Ioc. 33), Wietrznia quarry
'(loco34), Zag6rze (Ioc. 35).

Material. - Thirty-four complete and fragmentary colonies (Z . Pal. St. 1/246 ,
St. 1/250, St. 1/279 to 298, St. 1/302 to 307, St. 1/416 to 417, St. 1/439 to 441, St. 1/465 to 466).

Dimensions (in mm) : '

La m inae . P ill a rs IZ. Pal.
Cat. No. max/2 mm I min/2 mm I th ickness max/2 mm I min/2 mm I th ickness

St. 1/250 10 9 0.05-0.12 6 5 0.18-0.28
St. 1/282 8 7 0.07-0.15 7 6 0.15-0.25
SI. 1/441 8 7 0.06-0.12 6 5 0.20-0.33

I
SI. 1/465 7 6 0.07-0. 12 6 5 0.17-0.31

Description. - Coeno steum massive, irregularly bulbous, bell-shaped or tabular. Colonies
,, ~ ~ually very large , the largest of them being 130 cm in diameter at the ba se and 75 cm high.
Surface smooth with .irregular mamelons.

. Laminae clearly defined stra ight or twisted, variable in thickness, frequently interrupted
a nd replaced by dissepiments, composed of thick horizontal processes giving them the character

..of a network with angularly outlined meshes. Pillar s continuous, st ra ight or slightly bent, very
thick, circular or subangular in transverse section . Galleries wide rectangular in outline, devoid
of dissepiments. Microstructure homogenous with single calcification centers occurring axially
in pillars.

Discussion. - A . crassepilatum is marked by extremely thick pillars, clearl y differing it
from all other species of Ac tinostroma. The species under study differs from A. uchtense RIABlNIN
in straight, single pillars which in the last-named species are partly twisted and frequently ir­
regularly branched.

The specimens described display a considerable intracolonial variability in thickness
of laminae and spaces between pillars. In th e present writer's op inion, severa l Upper Devonian
species of Ac tinostroma with very thick pillars a re likely to be junior synonyms of A . crasse­
pilatum, In addition to those mentioned in the synonymy, here probably belong: A. piriformis
KHALFINA, A . petrovi RIABININ and A. scheraiolense RIABlNIN.

A process of thickening of pillars advanced to a maximum extent and started as early
as the Upper Siluri an in the genus Plectostroma N ESTOR, is ob served in A. crassepilatum ,

Stratigraphic and geographical distribution. - Middle Devonian (Upper Givetian):
Belgium (Dinant Basin), Poland (Western Holy Cross Mts.); Upper Devonian (Frasnian):
?Canada (Alberta), ?USSR (Timan, Salair Mt s.), Belgium (Dinant Basin) , Czechoslovakia
(Moravia), Poland (Western Hol y Cross Mts.).
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PLATE 1

Page

Lithology of stromatopo roid limestones

Fig . 1. Thick-bedded stromatoporoid calcirudites. Bolechowice - " Panek" quarry (see also section in
Text-fig. SF) ; lowermost Frasnian, Upper Sitk6wka Beds.

Fig. 2. Poorly stratified strornatoporoid-tabulate ca1cirudites Sitkowka (see also section in Text-fig. 3C, unit 3);
Upper Givet ian , Lower Sitkowka Beds.

Fig. 3. Well stratified non -fossiliferou s calcilutites inte rbedded by fine-grained Amphipora-calcarenites. Ja worznia
quar ry ; lowermo st Frasnian, transitional deposits between Lower and Upper Sitk6wka Beds.

Fig. 4. Massive, poorly stra tified, fine-grain ed calcarenites and ca lcilut ites with tabular stromatoporoids . Ka­
dzielnia quar ry - "Geologists Rock" (see also section in Text-fig. 5G); ?Frasnian Iy, Kadzielnia Beds.
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PLATE II

Page

Biostratinomy of the stromatoporoids

Fig. 1. Vertical section of a hatlike coenosteum of Trupetostroma gebum (YAVORSKY) in growth position. Sit­
k6wka V (see also section in Text-fig. 3 C, unit 4) ; Upper Givetian, Lower Sitk6wka Beds (Z. PaJ. St. 1/209) ;
X 0.25.

Fig . 2. Vertical section of an overturned hemispherical coenosteum of Trupetostroma gebum (YAVORSKY) in stro­
matoporoid calcirudite. Sitk6wka IV (see also section in Text-fig. 2B, unit 8); Upper Givetian, Lower
Sitk6wka Beds (Z. PaJ. St. 1/174); x 0.25.

Fig . 3. Vertical section of a tabular coenosteum of Trupetostroma gebum (YAVORSKY) in coarse-grained mieritic
calcarenites. Sitkowka IV (see also section in Text-fig. 2B, unit I); Upper Givetian, Lower Sitkowka Beds
(Z. PaJ. St. 1/153) ; X 0.25.
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PLAT E III

Page

Biostratinomy of the stromatoporoids

F ig. I. Stromatoporoid span uc calcirudite (abr aded stromatoporoid bank) . Sitkowk a I (see also section In

Text-fig. 3D, unit 4) ; lowermost Frasnian, Upper Sitkowka Beds ; X 0.15.
Figs. 2-3. Surface of an erosional sedimentary discontinuity showing abraded stro matoporoid coenostea and

irregular flat pebbles (soft intraclasts). Bolechowice - " Panek" quarry (see also section in Text-fig . 5 F,
top of unit 8); lowermost Frasnian, Upper Sitkowka Beds; Fig. 2 - x 0.25; Fig. 3 - X 2.

Fig. 4. Biosparitic calcirudite with big, overturned hemispherical stromatoporoids tActinostroma sp.) and thick­
-shelled gastr opods. Sitkowka I (see also section in Text-fig. 3 D, unit 4) ; lowermost Frasnian, Upper
Sitkowka Beds ; X 0.15.

Fig. 5. Biosparitic calcirudite with overturned and slightly abraded columnar and irregularly bulbou s stroma­
toporoids. Sitkowka I (see also section in Text-fig. 3D, unit 2) ; lowermost Frasnian , Upper Sitkowka
Beds ; X 0.15.

Fig. 6. Biosparitic calcarenite with abraded stromatoporoids and thick-valved pelecypods (Megalodon sp.),
Sitkowka I (see also section in Text-fig. 3D, unit 2); lowermost Frasnian , Upper Sitkowka Beds ; X 0.25.
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PLATE IV

Page

Lithology of stromatoporoid limestones

Fig. I. Thin-section of a sparitic pelletoidal calcisphaere calcarenite. Bolechowice - .Panek" quarry (see also
section in Text-fig. SF, unit IS) ; lowermost Frasnian, Upper Sitk6wka Beds; X IS.

Fig. 2. Thin-section of a sparitic pelletoidal biocalcirudite with fragments of calcareous algae (Solenopora sp.).
Bolechowice - ..Panek" quarry (see also section in Text-fig. SF, unit 18); lowermost Frasnian , Upper
Sitk6wka Beds; x IS.

Fig. 3. Thin-section of a sparitic stromatoporoid calcirudite with ramose stromatoporoid fragments (Amphi­
pora sp.) circumcrusted by algal calcilutite. Bolechowice - .Panek" quarry (see also section in Text-fig. 5 F,
unit 6); lowermost Frasnian, Upper Sitkowka Beds; X 30.

Fig. 4. Thin-section of a sparitic pelletoidal biocalcarenite. Pellets probably of faecal origin. Bolechowice - .Pa­
nek" quarry (see also section in Text-fig. SF, unit 26): lowermost Frasnian, Upper Sitkowka Beds;
x 30.

Fig. 5. Thin-section of a micritic echinoderm calcarenite. Sitkowka I (see also section in Text-fig. 3 D, unit 5);
lowermost Frasnian, Upper Sitk6wka Beds; x 30.

Fig. 6. Thin -section of a sparitic pelletoidal calcisphaere calcarenite. Sitkowka IV (sec also section in Text-fig. 2B,
unit 9) ; Upper Givetian, Lower Sitk6wka Beds; x 30.
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PLATE V

Page

Algae and algal str uctures associated with stromatoporoid limestones . . 13,21

Fig. 1. Polished vertical section of irregularly laminated algal mats (biocalcilutite) with bird's-eye structures.
Sitk6wkaUI (see also section in Text-fig. 2A , unit 2); Upper Givetian , Lower Sitk6wka Beds; X 1.

Fig. 2. Thin-section of an algal mat with birds's-eye structures. Bolechowice - "Panek" quarry (see also section
in Text-fig. 5F, unit I) ; lowermost Frasnian, Upper Sitk6wka Beds; X 15.

Fig. 3. Thick , irregular algal coatings around fragments of stromatoporoids and solitary tetracorals. Bolecho­
wice - "Panek" quar ry (see also section in Text-fig. 5F, unit 24); lowermost Frasnian, Upper Sitk6wka
Beds; X 1.

Fig. 4. Blue-green algae Renalcis turbitus WRAY in a sparry-micritic stromatoporoid calcirudite. Sitk6wka V
(see also section in Text-fig. 3C, unit 3); Upper Givetian , Lower Sitk6wka Beds; X 15.

Fig. 5. Blue-green algae Renalcis devonicus J OHNSON in a sparry-micritic stromatoporoid calcirudite . Sitk6wka I
(see also section in Text-fig. 3D, unit 4); lowermost Frasnian, Upper Sitk6wka Beds; X 15.

Fig. 6. Blue-green algae Renalcis devonicus JOHNSON in a sparry-micritic stromatoporoid calcirudite. Sitk6wka IV
(see also section in Text-fig. 2B, unit 2) ; Upper Givetian, Lower Sitk6wka Beds; x 30.
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PLATE VI

Examples of skeletal structures in morphological group "A". . . .. 50

Fig. I. Pachystylostroma exile NESToR. Note primit ive dissepimental structure of the skeleton and a thick column.
Hiiumaa Island , Estonia, U. S. S. R. ; L1andoverian , Tamsalu stage (EAS Co 3032 - holotype) ; x IS.

Fig. 2. Pachystylostroma rosensteinae NESTOR. Note flattened and strongly thickened dissepiments and vertical
elements developed in the form of short denticles. Tam salu, Estonia, U. S. S. R.; L1andoverian, Tamsalu
stage (EAS Co 3027 - holotype) ; X IS.

Fig. 3. Pachystylostroma opiparum NESToR. Not e well developed pillars and strongly flattened dissepiments dis­
playing the tendency to passing into regular laminae. Rijdaku, Estonia, U. S. S. R.; L1andoverian, Ra ikkiila
stage (EAS Co 3029 - holotype) ; X IS.

Fig. 4. Labechia venusta YAVORSKY. Note fibro-Iamellar microstructure in pillars. Kingisepp, Estonia, U. S. S. R.;
L1andoverian , Raikktila stage (EAS Co 3113); X 35.

Fig. 5. Forolinia pachyphylla (NICHOLSON). Note flate, thickened fibro-Iamellar dissepiments and the lack of
vertical elements. Tammikeere, Estonia , U. S. S. R. ; L1andoverian, Adavere stage (EAS Co 3038); X 35.

Fig. 6. Lophiostroma schmidti NICHOLSON. Fibro-lamellar character of skeletal tissue and dark growth inhibition
surfaces are clearly visible. Saarem aa Island , Estonia, U. S. S. R. ; Ludlovian, Paadla stage (EAS Co 3178);
x 35.

all in vertical section
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PLAT E VII

Pase

Examples of skeletal structure in morphological group.A"

Fig. 1. Clathrodictyon gregale NESTOR. Narrow zones of the Clathrodictyon structure type and wide ones of the
Ecclimadictyon structure type are visible. Porkuni, Estonia , U. S. S. R.; Uppermost Ordovician,
Porkuni stage (EAS Co 3048 - paratype) ; x 15.

Fig. 2. Plexodictyon savaliense (RIABININ). Note growth periodicity expressed by even laminae and an interlaminar
skeleton of the Ecclimadictyon structure type. Zbruch River, Podolia, U. S. S. R. ; Ludlovian, Middle
Skalsk horizon (VNIGRI 390/171 - holotype) ; x 15.

Fig. 3. Tienodictyon katavense (YAVORSKY). Note rare foramina in laminae and tangled vertical elements forming
irregular seconda ry laminae. Ukhta River , Timan, U. S. S. R. ; Frasnian , Ukhta Beds (VNIGRI 474/45);
x 15.

Fig. 4. Pseudostromatoporella insolita (YAVORSKY). Note strongly tangled vertical elements, numerous ring-pillar s
and foramina. Kara-Churnysh River, Kuznetsk Basin, U. S. S. R.; Eifelian (CNIGR 6337/13 - holotype);
x 35.

Fig. 5. Ecclimadictyon robustum NESTOR. The tendency to form thick pillars within irregularly chevron-like
skeleton is clearly visible. Saaremaa Island, Estonia, U. S. S. R.; Upper Wenlockian, Jaagarahu stage
(EAS Co 3129 - paratype) ; x 35.

Fig. 6. Slmplexodictyon uralicum (RIABININ). Irregular splits of growth interruption are clearly visible in planes
of laminae. Kysynga River , Ural Mts. , U. S. S. R. ; Middle Devonian (CNIGR 4487/60 - holotype) ;
X 35.

Fig. 7. "Stromatoporella" sniatkovi YAVORSKY. Fibre-lamellar character of skeletal tissue is visible. Chumysh
River, Kuznetsk Basin, U. S. S. R.; Middle Devonian (CNIGR 3338/25 - holotype); X 35.

Fig. 8. ..Clathrodictyon" Ii!zutkini YAVORSKY. Fibro-normal microstructure, rare foramina and irregularly la­
minar structure of skeleton indicating that this form is marked by characters transitional from Simple­
xodictyon to Pseudostromatoporella. Chemaya Bachat River, Kuznetsk Basin, U. S. S. R.; Gedinnian
(CNIGR 7351/64 - holotype) ; X 35.

all in vertical section
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Examples of progressive condensation and homogenization of microreticular tissue In

morphological group "B" . . . . . . . . . . . . 57

Fig. I. Actinostromella vaiverensis NESTOR. MicroreticuIar character of skeletal tissue and thin vertical tubes
(autotubes) are visible. Saaremaa Island, Estonia, U . S. S. R. ; Ludlovian, Kaugatuma stage (EAS Co
3159 - holotype) ; x 35.

Fig. 2. Syringostromella borealis (NICHOLSON). Note well developed inte rskeletal spaces (coenotubes) and irregular
microreticular tissue. Saaremaa Island , Eston ia U . S. S. R.: Ludlovian. Paadla stage (EAS Co 3176);
x 35.

Fig. 3. Parallelopora pulchra GALLOWAY & ST. JEAN (see also PI. IX, Fig. 4). Note a condensed microreticular
tissue and thick pillars. Westport, Decatur County, Indiana , U. S. A.; Middle Devonian, Jeffersonville
limestone (USNM 127214 - holotype); x 35.

Fig. 4. ?Pseudoactillodictyoll dartingtonense (CARTER) (see also PI. XXVIII, Figs. 1-3). An example of almost
completely homogenized primary microreticular t issue. Sitk6wka V, Poland; Iowermost Frasnian, Upper
Sitk6wka Beds (Z. Pa l. St. 1/87) ; x 35.

Fig. 5. Hermatostroma porosum (LECOMPTE) (see also PI. XXXIV, Fig. 1). Note remnants of a primary micro­
reticular tissue as irregular vacuoles in a homogenized tissue . Jurkowice-Budy, Poland ; Lower Upper
Givetian, Stringocephalus burtini Beds (Z. Pal. St. 1/137) ; X 35.

Fig. 6. Hermatostroma perseptatum LECOMPTE (see also PI. XXXIV, Fig. 2). Note a completely homogenized
skeletal tissue in vert ical walls with trace s of primary microreticulum in marginal zones . Jurkowice-Budy,
Poland; Lower Upper Givetian, St ringocephalus burtini Beds (Z. Pal. St. 1/131) ; X 35.

all in vertical section
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Examples of progressive condensation and homogenization of microreticular tissue in
morphological group "B" . . . . . . . . . . .. 44

Fig. I. St romatopora concentrica GOLD FUSS. A loose microreticular tissue is clearly visible. Kara-Chumysh
River, Kuznetsk Basin, U. S. S. R.; Eifelian (CNIGR 3338/14); x 35.

Fig. 2. .Jdiostroma' elegans YAVORSKY. Note a partially condensed and homogenized microreticular tissue
(oligomerized calcification centers). Paffrath near KOln, Germany; Middle Devonian (CNIGR 6854/18 ­
holotype) ; x 35.

Fig. 3. Neosyringostroma logansportense (GALLOWAY & ST. JEAN) (see also PI. XXXII, Figs. 1-2). Note a com­
pletely homogenized tissue in pillars surrounded by condensed microreticular tissue. Sachyl-Tau, Southern
Ural Mts., U. S. S. R.; Middle Devon ian, ?Eifelian (CNIGR 5630/6) ; X 35.

all in tangential section

Examples of progressive reduction of microreticular tissue in morphological group "B" . 46

Fig. 4. Parallelopora pulcltra GALLOWAY & ST. JEAN (see also PI. VIII , Fig. 3). Note thick pillars composed of
a dense microreticular tissue with numerou s calcification centers. Westport, Decatur Cou nty, Indiana,
U. S. A. ; Middle Devonian, Jeffersonville limestone (USNM 127214- holotype); x 35.

Fig. 5. " Trupetostroma" spatiosum YAVORSKY (see also PI. X, Fig. 4). The number of fibers in microreticular tissue
is strongly reduced as a result of the oligomerization of calcification centers. Korail River, Magadan,
U. S. S. R. ; Eifelian (CNIG R 7351 /507); X 35.

Fig. 6. Actinostroma mamontovi YAVORSKY (see also PI. X, Fig. 5). Microreticular tissue in vertical elements
of skeleton reduced to single, th ick fibers (left corner). Kara-Chumysh River, Kuznetsk Basin, U. S. S. R.;
Middle Devonian, Pentamerus pseudobaschkiricus beds (CNIGR 7351 /22) ; x 35.

all in tangential section
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Examples of progressive reduction of microreticular tissue In morphological group "B" 46

Fig. I. Parallelostroma malinovzyense (RIAUININ). Very thick laminae separated by low hemispherical interskeletal
spaces (chambers) are visible. Muksha River, Podolia , U. S. S. R. ; Lower Ludlovian, Malinovetsk ho-
rizon (VNIGRI 390/111 - holotype); X 15.

Fig. 2. Parallelostroma typicum (RO~EN). A loose microreticular tissue with dark lines of growth inhibition and
hemispherical interskeletal spaces here and there superposed are visible. Saaremaa Island, Estonia,
U. S. S. R.; Ludlovian , Paadla stage (EAS Co 3009 - holotype) ; X 35.

Fig. 3. .Hermatostroma episcopate" var. talovense YAVORSKY. Note dark calcification centers in a reduced microreti­
cular tissue of vertical skeletal elements. Talovaya village, Kuznetsk Basin, U. S. S. R.; Givetian (CNIGR
6854/17 - holotype) ; X 35.

Fig. 4. ,,1"rupetostrollla" spatiosum YAVORSKY (see also PI. IX, Fig. 5). Microreticular tissue reduced to a system
of rare thickened fibers. Korail River, Magadan, U. S. S. R. ; Eifelian (CNIGR 7351/507); X 35.

Fig. 5. Actinostroma mamontovi YAVORSK~ (see also PI. IX, Fig. 6). A microreticular tissue reduced in pillars to
single, thick fibers, in laminae - to a single-layer network . Kara-Chumysh River, Kuznetsk Basin,
U. S. S. R.; Middle Devonian, Pentamerus pseudobaschkiricus beds (CNIGR 7351/22); X 35.

Fig. 6. Atelodictyon pseudocolumnare (RIADlNIN) (see also PI. XXXVI, Fig. I). Microreticular tissue reduced
in vertical elements of skeleton to rare, thick fibers, in laminae - to a single-layer network. Bolechowice­
"Panek" quarry, Poland ; lowermost Frasnian, Upper Sitk6wka Beds (Z. Pal. St. 1/22); X 35.

all in vertical section
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Examples of skeleta l st ruct ure in morphological group "B" . . . . . 57

Fig. I. "Stromatopora" pellucida YAYORSKY. Vertical section. Not e loose microreticular tissue in skeleta l elements
and dark growth inhibition lines in the planes of laminae. Chernevaya Bachat River, Kuznetsk Basin .
U. S. S. R. ; Lower Devonian, Krekov hori zon (C N IG R 7351/13 2 - holotype) ; x 15.

Fig. 2. Stromatoporella tyrganensis YAYORSKY. Vertical section. A condensed microreticu lar tissue, foramina and
ring-pillars are clearly visible . Basku skan R iver, Kuznetsk Basin , U. S. S. R.; Eifelian (CNIG R 6337/5 ­
holotype) ; x 35.

Fig. 3. Stictostroma ivdeliense (YAYORSKY). a vertical sect ion. Note a stro ngly condensed microret icu lar tissue
and dark growth inhibition lines in the planes of laminae ; b tangential sect ion. Condensed character of
a microreticular tissue in pillars is clearly visible. Ivdelsk, Northern Ural Mt s., U. S. S. R. ; Middle De­
vonian (C N IG R 7351/196 - holotype): X 35.

Fig. 4. Stictostroma mamilliferum GALLOWAY & ST. J EAN. a vertical section ; b tangential section. Note a n ex­
tremely condensed microreticular tissue and strongly reduced skeleta l elements. G orri e, Ontario, Canada ;
Middle Devonian, Onondaga limestone (USNM 127299); X 35.

Fig . 5. Hermatostromella sibirica (YAYORSKY). Vertical sect ion. Note an irregular, loose microreticular tissue ,
regular pattern of skeleta l elements and num erous fo ramina. Chernevaya Bachat River, Ku znetsk Basin ,
U. S. S. R. ; Ludlovian, Ostracod Limestone (C N IG R 7351/200 - holotype) ; X 15.

Fig. 6. Stictostroma ko lymense (YAYORSKY) (see also PI. XVI , Figs. 1-3). Vertical section. A condensed character
of microretieular tissue and irregular gro wth interruption splits In laminae are visible. Kolyma River,
U . S. S. R . ; Middle Devonian (CNIG R 7351/437 - holotype): X 15.
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Tienodictyon zonatuni YABE & SUGIYAMA. . . . . . . .. 74

Fig. I. a vertical section; b tangential section . Radkowice-Soltysia Hill, Poland; Upper Givetian, Lower Sit­
k6wka Beds (Z. Pal. St. 115); X 15.

Fig. 2. a vertical section; b tangential section. Checiny-Zarnkowa Hill, Poland ; Upper Givetian, Lower Sitk6wka
Beds (Z. Pal. St. 1/10) ; X I S. .

Tienodictyon albertense (STEARN) . . . . . .

Fig. 3. a vertical section; b tangential section. Jaworznia-Moczydlo Hill. Poland ; lowermost Frasnian , Upper
Sitk6wka Beds (Z. Pal. St. 1/14) ; X IS.

75
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Pseudostromatoporella huronensis (PARKS) . . . . . . . . • 78

Fig. 1. a vertical section ; b tangential section; x IS; cod vertical section ; x 35. Wietrznia quarry, Poland;
?Frasnian Jy, Kadzielnia Beds (Z. Pal. St. 1/237).



Palaeonto logia Polonica, No . 26, 1971

l a

le

PI. XJJJ

lb

Id

J. K AZMI ERCZAK: M OR PHOGENESIS AND SYSTEMATICS OF THE D EVONIAN S TR OMATOP OROID EA



Palaeontologia Polonica, No. 26, 1971

J. KAZMI ERCZ AK : MORPHOGENESIS AN D SYSTEM ATICS OF TH E DEVONI AN STROMATOPOROlDEA

PLATE XIV

Page

Pseudostromatoporella moosensis (PARKS) . . . . . . . .. 79

Fig. 1. a vertical section; b tangential section; x IS; c vertical section; X 35. Radkowice-Soltysia Hill, Poland;
Upper Givetian, Lower Sitk6wka Beds (Z. Pal. St. 1/242).

Anosty!ostroma ponderosum (NICHOLSON) • • • . • . . • • •• 81

Fig. 2. a vertical section ; b tangential section. Bolechowice-i.Panek" quarry, Poland; lowermost Frasnian,
Upper Sitk6wka Beds (Z. Pal. St. 1/215); x IS.

Fig. 3. Vertical section. Kadzielnia quarry, Poland ; ?Frasnian 1"(, Kadzielnia Beds (Z. Pal. SI. 1/214) ; x 35.
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Stictostroma socialis (NICHOLSON) . • • . • . • • • 83

Fig. I. a-b vertical section ; c tangential section. Kadzielnia quarry, Poland ; ?Frasnian Jy, Kadzielnia Beds
(Z. Pal. St. 1/239) ; x IS.

Pseudostromatoporella damnoniensis (NICHOLSON)

Fig. 2. a vertical section ; x IS; b vertical section ; x 35; c tangential section; x IS. Grabina Hill, Poland ;
?Frasnian Iy, Kadzielnia Beds (Z. Pal. St. 1/213).
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Stictostroma kolymense (YAVORSKY) • • • • • • • • •• 84

Fig. 1. a vertical section; b tangential section. "Kowala" quarry, Poland ; lowermost Frasnian, Upper Sitk6wka
Beds (Z. Pal. St. 1/236); x IS.

Fig. 2. Vertical section. Sitk6wka Il, Poland; lowermost Frasnian, Upper Sitk6wka Beds (Z. Pal. St. 1/234);
x IS.

Fig. 3. a vertical section; b tangential section. Radkowice-Soltysia Hill, Poland; Upper Givetian, Lower Sit­
k6wka Beds (Z. Pal. St. 1/235); x IS.
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Stictostroma lensiforme (LECOMPTE). . . . . . . . .. 85

Fig. 1. a vertical section; b tangential section ; x 15; c tangential section; X 35. Note dark dots of calcification
centers in a light-gray skeletal tissue ; d vertical section; x 35. Dark growth inhibition lines are c1arly
visible; e same as d in polarized light; x 35. Calcification centers are visible in vertical skeletal elements.
Jurkowice-Budy, Poland ; Lower Upper Givetian, Stringocephalus burtini Beds (Z. Pal. St. 1/199).
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Stromatoporella mudlakensis (GALLOWAY). • . . • • • •• 88

Fig. l. a vertical section ; b tangential section ; x IS; c vertical section ; x 35; dtangential section ; x 35. Wietrznia
quarry, Poland ; ?Frasnian Jy, Kadzielnia Beds (Z. Pal. St. 1/238).
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Stromatopora cooperi L ECOMPTE . . . . . . . . . .. 89

Fig. I. a vertical section; x IS; b tangential section ; x IS; c vertical section; x 35; d tangential section; x 35.
Kowala-railway cut , Poland; lowermost Frasnian, Upper Sitk6wka Beds (Z. Pal. St. 1/19).

Fig. 2. Vertical section. Sitk6wka V, Poland ; Upper Givetian, Lower Sitk6wka Beds (Z. Pal. St. 1/18) ; x IS.
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Stromatopora colliculata (NICHOLSON) . . . . . . • •. 90
(Jurkowice-Budy, Poland; Lower Upper Givetian, Stringocephalus burtini Beds)

Fig. 1. a vertical section; x 15; b tangential section; X IS; c tangential section; x 35. Note a strongly con­
densed microreticular tissue (Z. Pal. St. 1/219).

Fig. 2. a vertical section; X 35; b vertical section; x 15. Irregularly distributed dark growth inhibition lines are
clearly visible (Z. Pal. St. 1/167).
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Stromatopora divergens GALLOWAY & ST. JEAN

Fig. 1. a vertical section; b tangential section . Jurkowice-Budy, Poland ; Lower Upper Givetian, Stringocephalus

burtini Beds (Z. Pal. SI. 1/194) ; X 15.

Stromatopora spissa (LECOMPTE) .

Fig. 2. a vertical section ; b tangential section. Sitk6wka V, Poland; lowermost Fra snian , Upper Sitkowka
Beds (Z. Pal. St. 1{216); X 15.
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Stromatopora mononensis GALLOWAY & ST. J EAN . ' . 93

Fig. l. a vertical section; b tangential section . Jurkowice-Budy, Poland; Lower Upper Givetian , Stringocephalus
burtini Beds (Z. Pal. SI. 1/193) ; x IS.

Stromatopora stricta LECOMPTE . . .

Fig. 2. a vertical section ; b tangential section. Sitk6wka V, Poland; lowermost Frasnian, Upper Sitkowka Beds
(Z. Pal. SI. 1/230) ; x IS.

Stromatopora undata RIABININ

Fig. 3. a vertical section ; b tangential section . Bolechowice-i.Panek" quarry, Poland ; lowermo st ·Frasnian ,
Upper Sitk6wka Beds (Z. Pal. SI. 1/321) ; x IS.
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Stromatopora minutitexta (LECOMPTE) . . . . . . . . .. 96

Fig. 1. a vertical section; lr tangential section. Sitk6wka Ill, Poland; Upper Givetian, Lower Sitk6wka Beds
(Z. Pal St. 1/184); x 15.

Fig. 2. a vertical section; b tangential section. Sowie G6rki HilI, Poland; lowermost Frasnian, Upper Sitk6wka
Beds (Z. Pal. St. 1/226); x 15.

Ferestromatopora parksi STEARN

Fig. 3. a vertical section; b tangential section. Bolechowice-j.Panek" quarry, Poland ; lowermost Frasnian, Upper
Sitk6wka Beds (Z. Pal. St. 1/180); X 15.
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Ferestromatopora uchtensis (RIABININ). . . . . . . . " 99

Fig. 1. a vertical section; x 15; b tangential section ; x 15; c tangential section ; x 15. Ja worznia-Moczydlo
Hill, Poland; lowcrmost Frasnian , Upper Sitk6wka Beds (Z. Pal. St. 1/188).

Ferestromatopora percanaliculata (LECOMPTE) . . . . . . . . 100

Fig. 2. a vertical section; x 15; b tangential section ; x 15; c vertical section ; x 35. Kowala-railwa y cut , Poland ;
lowermost Frasnian, Upper Sitk6wka Beds (Z. Pal. SI. 1/190).
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Ferestromatopora cellulosa (LECOMPTE). • • • • . • • •• 101
(see ;Iso PI. XXVn

Fig. 1. a vertical section; b tangential section. Sitk6wka Ill, Poland ; Upper Givetian, Lower Sitk6wka Beds
(Z. Pal. St. 1/42); x IS.

Ferestromatopora talovensis YAVORSKY 102

Fig. ~. a vertical section; tangential section. Jaworznia-Moczydlo HiD, Poland; Upper Givetian, Lower Sit­
k6wka Beds (Z. Pal. St. 1/44); x I S.

Ferestromatopora krupennikovi YAVORSKY • • • . '. • • •• 103

Fig. 3. a vertical section; b tangential section. Sitk6wka IlI, Poland; Upper Givetian, Lower Sitk6wka Beds
(Z. Pal. St. 1/141); X I S.
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Ferestromatopora cellulosa (LECOMPTE)
(see also PI. XXV)

Fig. 1. a vertical section ; x 15; b tangential section ; x 15; c vert ical section; x 35. Sitk6wka m, Poland ; Upper
Givetian, Lower Sitk6wka Beds (Z. Pal. St. 1/143).

101

Taleastroma pachytextum STEARN. . • • • • • • • • . 106

Fig. 2. a vertical section; x 15; b vertical section ; x 35; c tangential section ; x 35. Sowie G6rki Hill , Poland ;
lowermost Frasnian, Upper Sitkowka Beds (Z. Pal. St. 1/221).
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Ferestromatopora dubia (LECOMPTE) 104

Fig. 1. a vertical section ; X IS; b vertical section; x 35; c tangential section; x IS. "Kowala" quarry, Poland; 10­
wermost Frasnian, Upper Sitk6wka Beds (Z. Pal. St. 1/198).

Pseudoactinodictyon actinostromiforme (RIABININ) . • • • • .• 108

Fig. 2. a vertical section; x IS; b vertical section; x IS; c tangential section ; x IS. Jaworznia-Moczydlo Hill, Po-
land ; lowermost Frasnian, Upper Sitk6wka Beds (Z. Pal. St. 1/89).
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'tPseudoactinodictyon dartingtonense (CARTER) • . . . . . . . 109
(see also PI. VIII )

Fig. 1. a vertical section ; x 15; b vert ical section; x 35; c tangential section; x 15. Bolecho wice-i.Panek" quarry,
Poland ; lowerrnost Frasnian, Upper Sitk6wka Beds (Z. Pal. St. 1/464).

Fig. 2. Vertical section. Sowie G6 rki Hill, Poland ; lowermost Frasnian , Upper Sitk6wka Beds (Z. Pal. St. 1/77) ;
x 15.

Fig. 3. Tangential section. Bclechowice-i.Panek'' qua rry, Poland ; lowermost Frasnian, Upper Sitk6wka Beds
(Z. Pal. St. 1/64) ; x 15.
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Trupetostronia pingue L ECOMPT E
(see also PI. XXX)

Fig. I. a vertical section; b tangentia l section . Radk owice-Soltysia Hill, Poland ; Upper Gi vetian , Lower Sit­
k6wka Beds (Z. Pal. SI. 1/94); x 35.

Pseudoactinodictyon juxi E. FLUGEL

Fig. 2. a vertical section ; X IS; b ta ngenti al section; x t s; c vertical section ; x 35 ; d tangential section ; x 35.
Jaworznia-Moczydlo Hill, Poland ; lowerm ost Frasnian, Uppe r Sitk6wka Beds (Z . Pal. SI. 1/96)

11 3

110
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Trupetostroma laceratum L ECOMPTE

Fig. 1. a vertical section; x 15; b tangential section ; x 15; c tangential section ; x 35; d vert ical section ; X 35.
Jurkowice-Budy, Poland ; Lower Upper Givetian, Stringocephalus burtini Beds (Z. Pal. St. 1/136).

113

Trupetostroma pingue L ECOMPTE • • • . • • . . • . 113
(See also PI. XXIX)

Fig. 2. a vertical section ; b tangential section. Radko wice-Soltysia Hill, Poland ; Upper Givetian, Lower Sitk6wka
Beds (Z. Pal St. 1/94) ; x 15.
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Syringostroma densum NICHOLSON. . .

Fig. 1. a vertical section; b tangential section. Jurkowice-Budy, Poland; Lower Upper Givetian, Stringocephalus
burtini Beds (Z. Pal. St. 1/166); x 15.

116

Trupetostroma gebum (YAVORSKY) . . • • • • .. •. 144
Fig. 2. a vertical section; x 15; b tangential section; x 15; c vertical section; x 35. Sitk6wka V, Poland ; Upper

Givetian , Lower Sitk6wka Beds (Z. Pal. St. 1/206).
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Neosyringostroma logansportense GALLOWAY & ST. JEAN • . . • • . 118
(see also PI. IX)

Fig. I. a vertical section; x 15; b tangential section ; X 15; c vertical section ; x 35; d tangential section; x 35.
Jurkowice-Budy, Poland ; Lower Upper Givetian, Stringocephalus burtini Beds (Z. Pal. St. 1/139).

Fig. 2. Vertical section. Saehyl-Tau, Southern Ural Mts., U. S. S. R.; Middle Devonian, ?Eifelian (CNIGR
5640/6) ; x 35.
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Parallelopora kudebensis (RIABININ). . . . . • . . . . . 120

Fig. 1. a vertical section; x 15; b tangential section; x 35; c vertical section ; x 35. Kowala-railway cut, Poland;
lowermost Frasnian, Upper Sitk6wka Beds (Z. Pal. SI. 1/228).

Parallelopora longitubulata (RIABININ). . • . . . • . . . 121

Fig. 2. a vertical section ; x 15; b tangential section; x 35; c vertical section ; x 35. Sitk6wka V, Poland;
lowermost Frasnian, Upper Sitk6wka Beds (Z. Pal. SI. 1/95).
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Hermatostroma porosul11 (LECOMPTE) . . • • . • • . •• 123
(see also PI. VIII)

Fig. I. a vertical section; b tangential section. Jurkowice-Budy, Poland; Lower Upper Givetian, Stringocephalus
burtini Beds (Z. Pal. 81. 1/137); x 15.

Hermatostroma perseptatum LECOMPTE • • . • • . . . .. 124
(see also PI. VIID

Fig. 2. a vertical section; b tangential section. Jurkowice-Budy, Poland ; Lower Upper Givetian, Stringocephalus
burtini Beds (Z. Pal. St. 1/131) ; x 15.



Palaeontolog ia Polonica, No. 26, 1971

la

2a

PI. XXXIV

Ib

2b

J. KAZMlERCZAK: MORPHOGENESIS AND SYSTEMATICS OF THE DEVONIAN STROMATOPOROIDEA



Palaeontologia Polonica, No . 26, 1971

J . KAZMlERCZAK : MORPHOG ENESIS AN D SYSTE MATICS OF THE DEVONI AN STROMATOPOROIDEA

PLATE XXXV

Pag e

Hermatostrotna episcopale NICHOLSON. . . . . . . . . . 124

Fig. J. a vert ical section; x 15; b tangent ial section ; x 35. Jaworznia quarry, Poland ; lowermost Frasnian ,
Upper Sitkowka Beds (Z. Pal. SI. 1/127).

Hermatostronia schliiteri NICHOLSON

Fig. 2. a vert ical section; x 15; b tan gent ial section ; x 35. Bolechowice-j.Jazwica" quarry, Poland ; !owermost
F rasnian, Upper Sitk6wka Beds (Z. Pal. SI. 1/121).

125

Hermatostromac rassum (LECOMPTE) . . . . . . . . . . 126

Fig. 3. a vert ical section; x 15; b tangent ial section ; x 35. Jurkowice-Budy, Poland; Lower U pper Givetian ,
Stringocephalus burtini Beds (Z. Pal. SI. 1/130).
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A telodictyon pseudocoluntnare (RIABININ)

(see also PI. X)

Fig. I. a vertica l section; x 15; b tangential section ; x 15; c tangential section; x 35. Bolechowice-i.Panek "
qua rry, Poland; lowermost Fr asnian, Up per Sitk6 wka Beds (Z. Pal. SI. 1/22).

128

A telodictyon trautscholdi (RIABlNIN) • • • • • • • • •• 129

Fig. 2. a verti cal section ; x 15; b tangential section; x 15; c vertical section; x 35. Bolechowice-i.Panek" qua rry,
Poland ; lowermost Frasnian, Upper Sitk6wka Beds (Z. Pal. SI. 1/25).
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A ctinostroma conipactum RIPPER • • • • • • • • • •• 131

Fig. I. a vertica l section ; b tangential section . Jurkowice-Budy, Poland ; Lower Upper Givetian , Stringocephalus
burtini Beds (Z. Pal. St. 1/275) ; x is.

Actinostroma aff. geminatum L ECOMPTE . • • • . • • . • • 132

Fig. 2. a vertical section ; b tangent ial section. Sitk6wka IV, Poland ; Upper Givetian, Lower Sitk6wka Beds
(Z. Pal. St . 1/410) ; x is.

Actinostroma stellulatum NICHOLSON • •

Fig. 3. a vertical section; b tangential section. Sitk6wka V, Poland; Upper Givetian, Lower Sitk6wka Beds
(Z. Pal. St. 1/269); x rs.

133
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Actinos tronia papillosum ( BA RGATZKY). . . . . . . . .. 134
(see also PI. XL and XLI)

Fig. I. a vertical section; b tangentia l section. Sitkowka V, Poland ; lowermost Frasnian, Upper Sitkowka Beds
(Z. Pal. SI. 1/276) ; x IS.

Actinostroma bifarium NI CHOLSON
(see also PI. XXX IX)

Fig. 2. a vert ical section ; b tangential section. Radkowice-Soltysia Hill , Poland ; Upper G ivetian, Lower Si1­

kowka Beds (Z. Pal. SI. 1/273) ; x 15.
Fig. 3. Vertical section. Sitkowka IV. Poland ; Upper G ivetian, Lower Sitkowka Beds (Z. Pal. SI. 1/266) ; x i S.

135
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Actinostroma bifarium NICHOLSON
(see also PI. XXXVIII)

Fig . 1. a vertical section ; b tangential section. Rad kowice-Soltysia Hill, Poland ; Upper Givetian, Lower Sit­
k6wka Beds (2. Pal. St. 1/259); x IS.

Fig. 2. Vertical section. Sitk6wka V, Poland; Upper Givetian , Lower Sitk6wka Beds (Z. Pal. St. 1/254); x 15.
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Actinostroma papillosum (BARGATZKY). •
(see also PI. XXXVIII and XLI )

Fig. 1. a vertical section ; b tang ential section. Sitkowka V, Poland ; lowermost Frasnian , Upper Sitkowka Beds
(Z. Pal. St. 1/261) ; x IS.

134

137

Actinostroma expansum (HALL & WHITFIELD) . . . . . . . • 136
(see also PI. XLI )

Fig. 2. a vertical section ; b tangential section. Jurkowice-Budy, Poland ; Lower Upper Givetian , Stringoccpltalus
burtini Beds (Z. Pal. St. 1/260) ; x IS.

Actinostroma crassepilatum L ECOMPTE . . . . . .
(see also PI. XLI)

Fig. 3. a vertical section ; b tangential section. Kowala-railway cut , Poland ; lowermost Frasnian, Upper Sit­
kowka Beds (Z. Pal. St. 1/441) ; x 15.
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Examples of progressive reduction and thickenning of fibers of microreticular
tissue in De/lsaslroma-Plectostroma-Aclinoslroma evolut ionary lineage. .. 58

Fig. I. Densastroma inert/stalls (RIABININ). Muksha River, Podolia, U. S. S. R. ; Lower Wenlockian, Muksha
hor izon (VNIGRI 390/92 - holotype).

Fig. 2. Densastroma sociale (RIAB ININ). Zbruch River, Podolia, U. S. S. R.; Lower Ludlovian, Lower Skalsk
horizon (VNI GRI 390/146 - holotype).

Fig. 3. Pleetostroma intermedium (YAVORSKY). Katri, Saaremaa Island, Estonia, U. S. S. R. ; Ludlovian , Paadla
stage (EAS Co 3142).

Fig. 4. Actinostroma pupillosum (BARGATZKY). Radkowice-Soltysia Hi ll, Poland ; Upper Givetian, Lower Sit­
k6wka Beds (Z. Pal. St. 1/357).

Fig. 5. Actinostroma expansum (HALL & WHlTFIELD). Jaworznia qua rry, Poland; lowermost Frasnian , Upper
Sitk6wka Beds.

Fig. 6. Actinostroma erassepilatum LECOMPTE. Kowala-ra ilway cut, Poland ; lowermost Frasnian, Upper Sit­
k6wka Beds (Z. Pal. S1. 1/441).

All in vertica l sections ; x 35
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