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Bryozoans from the Lower Permian Vøringen Men1ber 
(Kapp Starostin Formation) , Spitsbergen, Svalbard 

HANS ARNE NAKREM 

Nakrem, H. A. 1 994: Bryozoans from the Lower Permian Vøringen Member (Kapp Starostin Formation), 
Spitsbergen, Svalbard. Norsk Polarinstitutt Skrifter 196. 

Bryozoans of the orders Cystoporata, Trepostomata, Cryptostomata and Fenestrata are representcd by 4 1  

speeies (four of which are new: Meekopora magnusi, PenestelIa akselensis, PenestelIa reversicnotta, Lyropora 

serissima) in the Vøringen Member (Kapp Starostin Formation). The bryozoans have strong affinities with 
faunas previously described from the Sverdrup, Wandel Sea and Timan-Pechora basins, and may generally 
be correlated with Artinskian-Kungurian faunas from these basins. Growth forms retlect the depositional 
conditions with low. robust fenestrates and thick ramose and encrusting trepostornes and cystoporates in 
the shelly coquinas in the lowcrrnost part, and more dclicatc fenestrates. trepostomes and cryptostornes in 
the shaley limestones ne ar the top of the unit. 

Hans Arne Nakrem, Paleontologisk Museum, Sars gate /, N-{)562 Oslo, Norway. 

Introduction 

The Svalbard archipelago, incJuding Spitsbergen, 
the largest island of the group, is located on the 
northwestern part of the Barents Shelf (Fig. 1 ) .  
The weU-studied Permian succession here totals 
some 900+ m, apparently with few depositional 
breaks. Bryozoans are present in varying abun
dance through this succession, and the present 
study concentrates on one rather rich interval of 
latest Early Permian age. The Vøringen Member 
of the Kapp Starostin Formation (Tempelfjorden 
Group) has long been known to contain rich 
bryozoan faunas. Recently Sakagami ( 1992) illus
trated and identified, but did not describe, fort y
one speeies from the Kapp Starostin Formation 
at Festningen, Spitsbergen. The primary purpose 
of this study is to describe the taxonomic com
position, the stratigraphical distribution and the 
palaeoecology of the bryozoan fauna from the 
Vøringen Member. 

Geological setting 

The Vøringen Member (Spirifer Limestone in 
older literature; Nathorst 1910) is the lowermost 
unit in the Kapp Starostin Formation, which is 

part of the Tempelfjorden Group (Cutbill & Chal
linor 1965) (Fig. 2 ) .  The Kapp Starostin For
mation was previously named the Brachiopod 
Cherts by Gee et al. (1953) and Starostinskaya 
Svita in Russian literature (e.g. Morozova & Kru
chinina 1986) . This massive gre y limestone unit 
has a maximum thickness of about 30 m in the 
inner Isfjorden area (e.g. Sveltihel) , whereas it is 
22 m thick in its type section at Kapp Starostin 
(Festningen pro file ) and about 14 m at Akseløya. 

As the major part of the bryozoan material was 
coUected at Akseløya, the following description 
refers to this section. The description is based on 
personal field observations and Fredriksen 
( 1988).  The boundary between the Vøringen 
Member and the Gipshuken Formation is sharp 
and easily seen in the field (Fig. 3) .  The basal 
beds of the Vøringen Member contain carbonate 
lithocJasts from the Gipshuken Formation, quartz 
pebbles, as weU as quartz sand mixed with fossil 
debris. The member is dominated by medium to 
thickly bedded shell coquinas with alternating 
grainstone and packstone matrix. The fauna is 
characterized by abundant brachiopods and bryo
zoans, fragmented crinoids and sponge spicules. 

The upper boundary of the Vøringen Member 
grades into shales with Zoophycos trace fossils, 
and is believed to reftect slightly deeper and more 
quiet conditions of deposition. Based on both 
sedimentological and palaeontologcal evidence. 
the Vøringen Member is interpreted as rep-
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resenting a marine shoreface facies deposited out
side a barrier complex under transgressive 
conditions. The underlying strata of the Gips
huken Formation represent a backbarrier facies, 
and the overlying shales and cherts represent an 
open marine platform. During the formation of 
the Vøringen Member, Spitsbergen drifted north
wards from about 35°N to 400N palaeolatitude, 
resulting in a depositional shift from warm arid 
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to cooler humid climatic conditions (Steel & 
Worsley 1 984; Worsley et al. 1 986) . 

Fauna and biostratigraphy 

The rich brachiopod fauna has a distinct Early 
Permian affinity compared with similar faunas 
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Fig l. The Svalbard archipclago. showing Late Carboniferous-Permian rocks in black (based 
on Winsnes 1988) and sampled localities . Inset map shows position of Svalbard in the Barents 
Sea. In the materials descriptions. the sections in Spitsbergen are coded as AKS-A (= 
Akseløya). FES-1O (=Festningen). KWI-S (=Kapp Wijk). KWÆ-I (Kapp Wærn). SVII
basis (Sveltihel) and SVH-2 (Sveltihel). Added numerical digit to these codes refers to metres 
above base of the Vøringen Member. 
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from the Canadian Arctic and eastem North 
Greenland (Gobbett 1 963; Nakamura et al . 1987) .  
Typical Early Permian species include ChaoieIla 
neoinfiata (Licharew) ,  Cleiothyridina royssiana 
(Keyserling), Horridonia timanica (Stuckenberg) 
and Yakouleuia impressa (Toula). There are, 
however, also severai species in common with 
the Late Permian faunas of Novaya Zemlya and 
central East Greenland e .g. Spirijer striato-para
doxus Toula, Waagenoconcha payeri Toula and 
Cancrinella cancrini (Verneuil) (Gobbett 1963 ; 
Nakamura et al. 1 987) . The Horridonia timanica 
Zone spanning the Vøringen Member is believed 
by Nakamura et al. ( 1987) to indicate a late st 
Early Permian (Kungurian) or earliest Late Per
mi an (Ufimian) age. 

Conodonts are fairly common in the Vøringen 
Member. Szaniawski & Malkowski ( 1979) 
described Neostreptognathodus sualbardensis 
from this unit, but some of their figured specimens 
of Neostreptognathodus are placed in synonomy 
with N. pequopensis Behnken, N. clarki Kozur 
and N. ?ruzhenceui Kozur; see Orchard & Forster 
(1988) and Nakrem ( 1991a) . Specimens figured 
as Sweetognathus sp. (Szaniawski & Malkowski 
1979: pl. 5 ,  figs. 1 -2) are probably S. whitei (Rho
des) . Taking these re-assignments into con
sideration, this conodont fauna is correlative to 
conodont zones P7-P9 of the Sverdrup Basin 
(Beauchamp et al . 1989),  and zones 9-11 of the 
Urals (Movshovich et al. 1979) , indicating a Bai
gendzhinian (Late Artinskian) to earliest Kun
guri an age. 

Other microfossils are less well known, but 
small foraminifera of Kungurian age, and pollen 
and spores of Early to Late Permian age are 

recorded (see Nakrem et al. 1 992) . Neither fus
ulinids nor ammonoids have been reported from 
this interval. 

In addition to the biostratigraphical significance 
of the bryozoan faunas described in the present 
work, a preliminary biostratigraphy of the bryo
zoans in the Permian of Svalbard was presented in 
Nakrem ( 1991b).  The bryozoans in the Vøringen 
Member have an Early Permian affinity, with 
most species in common with the Early Permian 
of eastem North Greenland, the Kungurian of 
the Timan-Pechora region and the Artinskian 
Reefs of the Urals (Morozova & Kruchinina 
1 986). 

Bryozoans 

Material and methods 

The investigated material was collected by the 
aut hor during three expeditions to Svalbard 
(1985, 1 986, 1988) . The bryozoan study was part 
of the IKU project "Arctic Geo-Program" (see 
acknowledgements),  and along with the bryozoan 
sampling, fusulinid , palynological, conodont and 
other material were also collected. 

Bryozoans in the massive limestones of the 
Vøringen Member are alm ost exclusively embed
ded in matrix, and usually observed in section in 
the field. Very few zoaria can be freed from 
surrounding matrix for external investigations. 
This caused problems when trying to obtain the 
desired oriented sections (tangential, transverse 
and longitudinal sections) . The internal pres-
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Fig. 2. Lithological units relevant 
to this study and their cor· 
responding ages. 
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Fig. 3. The light-coloured limestone of the Vøringen Member exposed at the western side of Akseløya (photographed north). 

The white arrow points to the boundary with the underlying Gipshuken Formation. 

Fig. 4. Preservation of bryozoans. A. Well-preserved trepostome (DyseritelIa) with acanthostyles projecting into surrounding 

sediment matrix (AK$-A-1.3m, PMO A42259/2, x25). B. Collapsed colony of Cyclotrypa (AK$-A-8.0m, PMO A42654, xlO). 
C. Pressure solution and stylolits between fragments of Polypora (AKS-A-11.8m, PMO 118.106/3, x25). D. Pressure solution 

truneating exozone in Rhombotrypella (AKS-A-11.8m, PMO 118.lOqll, x25). 
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ervation is usually good, although local sili
ci/kation is quite common, and some species 
could not be described properly due to shortage of 
well-preserved colonies. Dolomitization is rather 
rare . Breakage of fragile zoaria is of ten observed, 
but most fragments are fairly large. Few zoaria 
are abraded or show other evidence of extensive 
transportation , and usually they are well pre
served with spines and stylets protruding into the 
surrounding matrix (Fig. 4A) . Pressure solution 
and stylolite formation is common in the upper
most shaley part of the investigated unit (Fig. 4C, 
4D) .  Some ramose colonies have been preserved 
with a col lapsed endozone, probably due to syn
sedimentary compaction (Fig. 4B) .  

The Vøringen Member was sampled at Aksel
øya (16 horizons) and at Festningen (=Kapp 
Starostin Point) ( 11  horizons) . Additional 
samples were collected at Kapp Wijk (1 horizon),  
Kapp Wærn (5 horizons) and Sveltihel (2 
horizons) . 

Bryozoans were identified from approximately 
500 acetate peels and petrographic thin sections. 
SI abs with bryozoans were sawed from the 
samples and ground with 220--1000 carborundum 
paper on a Knuth Rotor polishing device . Pol
ished surfaces were subsequently etched for about 
10 seconds in 5% hydrochloric acid and rinsed in 
water and dried. The etched surfaces were then 
flooded with acetone and carefully covered with 
acetate film to prevent air bubbles from devel
oping. Resulting acetate peels were then mounted 
and stored in standard photographic slide frames. 
Measurements of morphological characteristics 
were made directly using a petrographic micro
scope. All illustrated specimens are in the col
lections of the Paleontologisk Museum, Oslo 
(abbreviated PMO ) .  

Previous work on Permian bryozoans 
from Spitsbergen 

Bryozoans have been mentioned in severai papers 
dealing with the Permian of Spitsbergen, but few 
contain systematic descriptions. Most bryozoans 
described by Toula ( 1875) are considered to have 
been collected from the upper part of the Kapp 
Starostin Formation at Akseløya. Identifications 
were based on external measurements and exter
nal morphological features. Lee (1908) described 
severai bryozoans, induding Stenopora cida
riformis Lee from the "Bryozoa Limestone" ( = 

Vøringen Member) of Prins Karls Forland. Niki-

forova ( 1936) described new bryozoan species 
from Kongressdalen , dose to Grønfjorden [ = 

Green Harbour], through the upper part of the 
Kapp Starostin Formation. Bryozoans from 
Novaya Zemlya were described in the same 
paper, and the faunas were compared. Although 
the Novaya Zemlya faunas were badly preserved , 
resemblances could be noticed. The faunas were 
also compared with Early Permian faun as known 
at that time from the Urals. The "Productus Chert 
Series" of the upper part of the Kapp Starostin 
Formation was proposed to be of Artinskian age. 
Forbes et al. ( 1958) listed bryozoans from severai 
upper Palaeozoic successions from Spitsbergen ,  
including some from the upper part of the Kapp 
Starostin Formation. Malecki ( 1 968, 1977) ,  
revised by Nakrem (1988) , described severai new 
bryozoans from the upper part of the Tem
pelfjorden Group at Bjørnøya (Svalbard) and 
southern Spitsbergen from horizons time-equiv
alent to the Kapp Starostin Formation. The most 
thoroughly illustrated description of bryozoans 
from the upper part of the Tempelfjorden 
Group "Starostinskaya Svita") at Spitsbergen 
and Bjørnøya was published by Morozova & 
Kruchinina ( 1986) who identified 23 speeies. 
Sakagami ( 1992) and Sakagami in Nakamura et 
al .  (1990) illustrated bryozoans from the entire 
Kapp Starostin Formation, the only work to date 
i llustrating bryozoans from the Vøringen 
Member. Nakrem ( 1991 b) gave a brief bios
tratigraphical distribution of bryozoans in the Per
mi an of Svalbard, whereas Nakrem ( 1994) 
discussed various palaeoecological aspects of 
these faunas. 

Faunal composition 

Representatives of all the major Palaeozoic bryo
zoan orders were found in the present work, 
although cyclostomes are missing. The com
position is typically "boreal" , or "northern" , with 
taxa previously reported from Ellesmere Island 
(Sverdrup Basin) ,  eastern North Greenland 
(Wandel Sea Basin) and western Siberia (Timan
Pechora Basin) (Ross & Ross 1962; Morozova & 
Kruchinina 1986 ; Madsen & Håkansson 1989) .  
At generic level, many of the encountered taxa 
are also reported from the Tethyan Province as 
well as from high southern latitudes (Australia) 
(Ross & Ross 1990) . The similarity between the 
Spitsbergen and other northern faunas supports 
the proposed open seaway between these basins 
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in Late Palaeozoic times (Stemmerik & Worsley 
1989). 

The faunas described herein from the Vøringen 
Member have speeies in common with faunas 
described from the Artinskian reefs in the Urals 
(Trizna 1948, 1950), the Sakmarian-Kungurian of 
Timan and the Malozemel'sk Tundra (Nikiforova 
1938), the Ufimian-Kazanian of Novaya Zemlya 
(Morozova & Kruchinina 1986), the Early Per
mian of eastem North Greenland (Ross & Ross 
1962) and the Permian of Ellesmere Island (Moro
zova & Kruchinina 1986). The age, therefore, of 
the investigated unit is most probably Artinskian
Kungurian, although Late Permian bryozoan 
speeies are also common. A precise biostra-

Range chart, Vøringen Mbr., Akseløya 

(meter) 
14 

tigraphical zonation based on bryozoan faunas of 
the Permian has so far not been erected, although 
they have prov en to have local significanee (Gil
mour & Snyder 1981). Ranges of individual taxa 
are plotted in Fig. 5 (Akseløya section) and Fig. 
6 (Festningen section). The remaining sections 
contain few sampled horizons , and range charts 
have not been prepared for these sections. 

Palaeoecology 

The palaeoecological significanee of bryozoan 
growth forms occurring throughout the Permian 
of Spitsbergen is outlined in Nakrem (1994). I ne 
lower through middle well-washed bioclastie part 

12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  � t·· •.••.••.••. 
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Fig. 5. Lithologieal eolumn and ranges of spe eies in the Akseløya seetion of the Vøringen Member. Aetual oeeurrenees of eaeh 
species shown by small black rhombs. 
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of the Vøringen Member, considered to represent 
the highest energy depositional phase , is charac
terized by robust fenestrates (e.g. Polyporella 
and Lyropora) with thick and wide branches and 
dissepiments, and relatively small fenestrule 
openings. Fenestrate zoaria commonly have a low 
conical shape; some are observed attached to 
brachiopod shells (Fig. 7 A, C). Encrusters are 
also common, with thick growth layers of Cyclo
trypa on brachiopods and other bryozoans (Fig. 
7D) and different trepostornes encrusting crinoid 
sterns, brachiopod spines and other bryozoans 
(e.g.  on Polypora, Fig. 7B). Trepostornes are 
commonly stick-like, relatively thick, or 

Range chart, Vøringen Mbr., 
Festningen 

(m) 
20 

encrusting. Generally , these bryozoans are robust 
and were able to withstand the rather high water 
energy. Self-overgrowth is observed in severai 
trepostornes. In the upper part of the unit, deli
cate trepostornes (e.g. Rhombotrypella and Dys
critella) and cryptostomes (e.g. Clausotrypa, 
PrimoreIla and Permoheloclema) very often con
tain fine-grained sediment infilling the outer parts 
of zooecial tubes. Such specimens are probably 
washed in from the more quiet waters in the 
barrier complex, or they may have lived in shel
tered pockets. In the uppermost part, coinciding 
with greater amounts of fine siliciclastic sediments 
replacing bioclastic skeietal material, fenestrates 
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Fig. 6. Ranges of species in the Festningen section of the Vøringen Member. Actual occurrences of 
each species shown by small black rhombs. Lithological development as in Fig. 5 .  
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Fig. 7. Some bryozoan growth forms. A. Fenestellid with attachment disc (FES-10-3.5m, PMO 132.105, x15, SEM photo). B. 

Polypora completely overgrown by DyseritelIa (FES-10-1S.0m, PMO 138.084, x2S). C. Polyporella with basal holdfast attached 

to a brachiopod shell (AKS-A-9.Sm, PMO 118.066, 25x) (brachiopod shell broken free). D. Sheet of Cyc/otrypa encrusting on 

Tabulipora (FES-10-1.0m, PMO A42218, x2S). 

are more delicate, and stick-like trepostornes and 
cryptostomes have small er colony diameter. A 
reconstruction of the depositional environments 
from the high energy shelly coquinas through the 
deeper (?tens of metres), silty-muddy bottom 
associations is shown in Fig. 8. 

Systema tie deseription of bryozoan 
taxa 

Measurements of zoarial and zooecial 
characters 

Branching ram ose colonies of the orders Cys
toporata, Trepostornata and Cryptostomata have 
severai zoarial characters in com mon as observed 
in tangential, longitudinal and transverse sections 
(Fig. 9). Different approaehes have been taken 

12 

in utilizing zoarial and zooecial characters, and in 
the current work the following characters have 
been found useful in separat ing different taxa: 
BD Branch diameter in (sub )cylindrical forms 
BT Branch thickness in enerusting or bifoliate 

colonies 
BW Branch width in bifoliate colonies 
EW Exozone width 
AL Aperture length 
A W Aperture width 
AAR/2Number of apertures per 2 mm counted 

along, diagonally and/or across colony 
surface in tangential section in speeies 
with randomly distributed apertures 

AAL/2 Number of apertures per 2 mm along col
ony surface (replaeing AAR/2 in some 
speeies) 

AAC/2 Number of apertpres per 2 mm diagonally 
or across colony ·surface (replaeing AAR/ 
2 in some speeies ) 



OFFSHORE 

--

Seaward slope 
Off-shore trough, tens of metres deep 

Coastal barrier complex, 

shallow water, high energy 

Lagoonal -
evaporitie tidal flat 

Fig. 8. Reconstrueted depositional environments for the Vøringen Member. Kapp Starostin Formation. A. Evaporitic-dolomitic 
tida I flat deposits in the uppcrmost part of the Gipshuken Formation. B. Shallow part, as prescrved in the lowcr part of the 
Vøringen Member. C. Deeper part, as preserved in the upper part of the Vøringen Member. Faunal components: I. low robust 
fcnestrates; 2. thick sheeb of enerusting C:\'c/otrypa; 3, robust ramose trepostomcs and cystoporates; 4, de\icate I'cf1niretepow 

and fenestrate Ramipora; 5. delieatc trepostomcs and eryptostomes: 6. delicate fenestcllids: and 7, sponges. Lithologieal legend 
as in Fig . 5 .  

AAR Distance between nearest-neighbour 
aperture centres in randomly distributed 
apertures 

AAL Distance between aperture centres along 
colony (well-oriented apertures) 

AAC Distance between aperture centres acro�, 
colony (well-oriented apertures) 

DIA/I Diaphragms per 1 mm in zooecial tubes 
EXW AExozonal wall thickness 
ENW AEndozonal wall thickness 

Characters in cystoporates only: 
AAS Distance between nearest-neighbour 

apertures in tangential section 
LUNL Length of lunarium 
LUNWWidth of lunarium 
VEs/l Vesicles per l mm in transverse or longi

tudinal section 

Characters in trepostomes only: 
MACA Diameter of large (maero) acantho-

styles 
MACA/A Large acanthostyles per autozooecial 

MICA 
aperture (tangential section) 
Diameter of small (miero ) acantho-
styles 

MICA/A Small acanthostyles per autozooecial 

EXIL 
EXLL 

EXLW 

aperture (tangential section) 
Diameter of rounded exilazooecia 
Length of ovate or irregular exi-
lazooecia 
Width of ovate or irregular exil-
azooecia 

EXILI A Exilazooecia per autozooecial aper
ture (tangential section) 

SQll Square zooecial tubes per 1 mm in 
transverse section (in Rhombotrypella) 
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Characters in cryptostomes only: 
AB Diameter of axial bundle of parallei zooe

cial tubes (in Streblascopora) 
ACA Acanthostyle diameter (in Clausotrypa) 
CAP St ylet diameter (in Timanodictya and 

Permoheloclema) 
FOSS Diameter of fos sazooecia (in Girtypo

rina) 
LIN Width of zooecial chamber lining (in 

Timanodictya and Girtyporina) 
MET Metapore dimension (in Clausotrypa and 

Streblascopora ) 
MET/ A Metapores per autozooecial aperture (in 

Clausotrypa and Streblascopora) 

Fenestrate bryozoans are traditionally identified 
from characters observed in tangential sectiom, 
but recent work by Snyder (1991) and Hageman 
(1991) has shown that both transverse and longi
tudinal sections are necessary for adequate identi
fication (Fig, !O). Unfortunately, fenestrate 
zoaria in the present study are us ually emhedded 
in rock matrix, of ten preventing preparation of 
acetate peels in the three desired orientations . 
Under other circumstances , freed zoaria s hould 
be embedded in epoxy resin for three dimens ional 
sectioning. The following list contains abbrevi
ations of characters relevant for the present study 
as used by Snyder (199 1) and Hageman (1991). 

Fig. Y. Sketeh of ramose hryozoan showing seetion orientations. 
Modified from Boardman & Cheetham (lYH7, fig. 1 7 . 15). 
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Fig. 10. Sketch of fenestrate bryozoan (Polyporella) with 
measured eharaeters. A. Tangentia1 seetion. 1:1. Longitudinal 
seetion. Abbreviations are explained in the text. 

Except those marked with an asterisk (*), these 
characters are also tabulated in the s ystema ti c 
section in the present work. 
LF Length of fenestrule opening 

WF Width of fenestrule opening 
AAL Distance between aperture centres along 

branch (=ADB in Hageman 199 1) 
AAC Distance between aperture centres across 

branch at closest point (= AAB in Hage
man 199 1) 

AA (*)Aperture length x aperture width (AD, 
see helow) 

DN (*) Diameter of nodes on obverse s urface 
(see below, NL and NW) 

SNB 

WB 

TB 

WD 
RA 

Distance between nodes along obverse 
branch s urface 
Width of branch (not meas ured at branch 
bifurcation) 
Thicknes s of branch (measured on 
obverse-reverse direction) 
Width of dissepiment 
Chamber reverse wall budding angle 
(meas ured in longitudinal section) 



Some additional characters have been included 
in the present study: 
AD Aperture diameter 
NL Length of carinal nodes on obverse sur

face 
NW Width of carinal nodes on obverse surface 

To provide data for comparison with older, 
especially Russian literature, the "micrometric 
formula" (Miller 196 1 ;  Tavener-Smith 1966) was 
calculated for each species: 
BRlO Branches per 1 0  mm across colony 
DSlO Dissepiments or fenestrules per 10  mm 

along colony 
A5 Apertures per 5 mm along branch 
AFEN Number of apertures per fenestrule 

(family Fenestellidae ) 
AROW Number of aperture rows across branch 

(family Polyporidae) 
NI Carinal nodes per l mm along branch 

In the systematic description, the micrometric 
formula is denoted as BRlO/DSlO/A5/AFEN for 
fenestellids, and BRlO/DSlO/A5/AROW for 
polyporids. 

Simple statistics for most characters in each 
species are presented in Tables 1-34; arithmetic 
mean (AVG), sample standard deviation 
(STDS), coefficient of variance (CV= 
STDS x lOD/AVG), minimum- (MIN) and maxi
mum (MAX) values observed, and number of 
observations (n). "-" indicates that measure
ments could not be made, usually due to insuf
ficient or badly preserved material. The number 
of measurements taken for each character vary 
due to varying availability of well-preserved 
material. Statistical values were obtained using 
the PC spreadsheet software Quattro Pro 4.0 from 
Borland. 

Order CYSTOPORA TA 

Genus CYCLOTR YPA Ulrich, 1896 

Type species.-Fistulipora communis Ulrich, 
1890, from the Middle Devonian, Iowa. 

Remarks.-Cyclotrypa can develop massive, 
ram ose branching and encrusting lOaria with little 
or no distinction between endo- and exolOne. 
Zooecial tubes are long, zooecial apertures cir
cular or ovate, with weakly developed or no 
lunaria, the latter feature separating this genus 
from Fistulipora. 

Cyclotrypa distincta Morozova, 1986 
Plate l, Figs. A, B, D, E, F 

1986 Cyclotrypa distincta Morozova in Moro
lOva & Kruchinina, p. 33, pl. 3, figs. 2a
b. 

Description.- Ramose branching lOarium with 
distinct exozone. Branch diameter high ly 
variable, usually 8.0--1 1.0 mm, maximum dia
meter 35 mm. ExolOne width depending on 
branch diameter, up to 7.5 mm in the thickest 
specimens. Apertures are circular or ovate, about 
0.26 x 0.24 mm. Apertural width fairly constant, 
not increasing as aper ture length increases. Dis
tance between nearest-neighbour apertures is 
about 0.14 mm, distance between apertural 
centres is 0.22-0.46 mm, and there are about 5 
apertures per 2 mm in all directions. A collar
like structure, 0.020--0.090 mm wide, is usually 
lining zooecial apertures. Zooecial tubes are very 
long with unevenly distributed diaphragms that 
are most closely spaced in inner exolOne, 1.6-6.8 
per l mm. In transverse section circular cavities 
observed in stereom are interpreted as bent lOoe
cial tubes arranged parallei to the growth direc
ti on and perpendicular to normal tubes opening 
on colony surface (Pl. 1, Fig. F). Massive mic
rogranular stereom separates zooecial tubes in 
outer exozone. Vesicular tissue is distributed 
between lOoecial tubes, sometimes in well
defined levels within stereom tissue. In tangential 
section, lOoecial tubes in cross section can be 
seen separated by vesicular tissue or stereom. The 
blister-like vesicles are closely packed, about 9 
per l mm. Maculae are not observed. 

Remarks.- Morozova (in MorolOva & Kru
chinina 1986) described two species of Cyclotrypa, 
both from the Miseryfjellet Formation at Bjør
nøya (Svalbard). In addition to their growth habit 
(encrusting in C. eximia and ram ose branching in 
C. distineta), MorolOva recognized differences in 
size and spacing of apertures, but the descriptions 
were based only on the holotypes for each specles. 
Similar differences between the current species 
of Cyclotrypa in the Spitsbergen material is rec
orded, whereas other characters are fairly similar 
in the two species (see Tables 1-2). 

Comparison .- Permian species of Cyclotrypa are 
known from Kansas, Texas and Oklahoma 
(Moore & Dudley 1944), but those species are 
distinguished by the presence of abundant macu-
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lae, and commonly larger apertural dimensions. 
C. waageni (Stuekenberg. 189 5) and C. grandis 
Nikiforova, 19 38 from the Lower Permian of 
Timan are distinguished in having larger (0.33-
0.37 mm) and more widely spaced apertures. 

Measuremellts.�See Table 1. 

Material.�AKS-A-7.0m (PMO A42 650. 
118.075, 118.(76), AKS-A-8.0m (PMO A42 649, 
A42654. A42 681), AKS-A-11.5m (A42689 . 
A42697). Material refers to measured and/or illus
trated speeimens; stratigraphic occurrence 
(range) is shown in Figs. 5 and 6. Sample codes 
are explaned in Fig. 1. 

Stratigraphical distriblltion olltside Spitshergen .� 
C. distincta was originally described from the 
Miseryfjellet Formation (Ufimian) in Bjørnøya. 
Svalbard. 

Cyclotrypa eximia Morozova. 1986 
Plate l. Figs. C .  G ,  H; Plate 2 .  Figs. A-E. 

19 86 Cyclotrypa eximia Morozova in Morozova 
& Kruchinina, pp. 33-34. pl. 3. figs. la
d. 

1994 Cyclotrypa sp .. Nakrem. fig. 2 c  

Description.�Encrusting. sheet-like and mul
tilamellar colonies with maximum observed thick
ness of 1 1.0 mm. Encrusted substrates include 
brachiopods and specimens of Tabulipora . There 
is no clear distinction between endozone and 
exozone. Apertures are ovate. about 0.32 x (j.27 
mm. Distance between nearest-neighbour aper
tures is about 0.1 1  mm, distance between aper
tural centres is 0.2 4--0.49 mm. and there are about 
5 apertures per 2 mm in all directions. Some 
apertures are closed by stereom tissue (Pl. 2 .  
Fig. D). Thin, straight diaphragms are unevenly 
spaced. 1.2 -5.1 per l mm. Some zooecial tubes 
also contain bubble-like cystiphragms (Pl. I. Fig. 
G J. Rows of blister-like vesicles are arranged 
between zooecial tubes. about 7.3 per 1 mm. 
Vesicles are more densely-packed within stereom 
with 9 -11 per l mm. Maculae, 0.9 -1.8 X 0.6--
0.9 mm, devoid of zooecial apertures. are rarely 
observed. 

Comparison.-C. eximia is distinguished from C. 
distincta in growth form (encrusting against 
ramose branching), and also in zooecial charac
ters; t-tests on zooecial apertural lengths (0.26 
us. 0.32 mm) and widths (0.24 us. 0.27 mm) in 
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the two speeies indicate significant differences 
(p<O.OOl ). 

Measlirements.�See Table 2 .  

Material.�AKS-A-3.0m (PMO 118'cl81). AKS
A-8.0m (PMO l liUl65. 132.083. 132.102). FES-
100l.Om (PMO A42096, A42 217). FES-W-3.0m 
(PMO A42284). FES-W-5.0m (PMO 118.(90). 
FES-W-8.0 (PMO 118.09 1). 

Stratigraphicul di.\rriblllioll olltside Spitshergen.-
C. eximia wa� originally described from the Mis
eryfjellet Formation (Ufimian) in Bjørnøya, Sval
bard. 

Genus M/:'[:'KOPORA LJlrich. 1889 

Type species.�Meekopora exinzia LJlrich, 1889. 
from the Lower Carboniferous Chester Series of 
Illinois. 

Remarks.- The bilamellar Meekopora is distin
guished from Paranzeteliopora which is unila
min ar , and from bilamellar Hexagollflla which 
has hexagonal ridges on the colon y surface . 

Meekopora magl1/1si sp. nov. 
Plate 3. Figs. A-E. 

Diagnosis.� Thick-branched species of Meeko

pora with regular, flabelliform-shaped, undi
vided zoarium; smooth surface with large. 
distinctly elongated monticules; apertures with 
well-developed lunaria. 

Descriptiol1. �Robust bilamellar-symmetrical 
colony with a maximum observed thickness of 
15.0 mm, thinner at colony margins (7.2 mm). 
Maximum colony width is 40 mm; maximum 
length observed is 200 mm. Regularly-spaced 
monticules devoid of zooecial apertures are devel
oped in rows on colony surface. Monticules are 
usually 4--7 mm long and 1.3 mm wide. Distance 
between monticule centres is about 5 mm along, 
and 3 mm across colony. The outline of the mOIl
ticules is ovate with stellate lobes. Zooecial aper
tures with lunaria are distributed in more or less 
regular rows. Distance between nearest-neigh
bour apertures is highly variable (0 .08-0.31 mm) . 
and distance between apertural centres is 0.32 -
0.50 mm. There are about 4.5 apertures per 2 mm 
along colony. and 5.2 per 2 mm diagonally across 
colony. Total aperture length (including 
lunarium) is about 0 .30 mm, total width is about 
0.29 mm. Length of lunarium is 0.06--0.15 mm, 



A Maculum 

B 

-

,. 
,. Maculum outline 

c 

KWÆ-1-2.0m 
PMO A42156 
n=39 

AKS-A-5.4m 
PMO A42143 
n=51 

Fig. 1 1 .  A. Oricntation of lunaria in zooccial apertures bordering a maculum in Meekopora magnusi. B. B i, the angle devia'ion 
from a 90° angle towards a tangential in ncarest maculum outline. C. Rose diagrams based on lunarium orientation (B) in two 
speeimens of Meekopora magnusi indicating preferred orientations and ave rage deviation. 

width is 0.15-0.18 mm. A clear zooecial lining is 
visible around the apertures. The lunarium is 
most pronounced in shallowest section producing 
a key-hole like aperture. Lunaria are directed 
regularly away from monticules (PI. 3, Fig. C), 
and lines drawn through lunaria towards mon
ticules meet long axes of monticules at 90 .160 
(Fig. 11). Zooecia meet colony surface at right 
angles, and bend slightly near the median lamina. 
Zooecial tubes contain rare thin diaphragms, in 
some places 0.90 -1.30 mm apart. Bubbly cys
tiphragms are locally present (PI. 3, Fig. Dl. 
Massive stereom is developed between the zoo
ecial tubes, usually in the exozone. Vesicular 
tissue forrned by blister-like cystozooecia, about 
0.0 36 x 0.054 mm in size, is developed only in 
certain levels in the exozonal stereom. Where 
present, there are about 10-14 cystozooecia per 
1 mm counted in longitudinal section. Height of 
cystozooecia diminishes toward zoarial surface. 
The thickness of the dark median lamina (meso
theca) is 0.09-0.25 mm, with a typical granular
prismatic microstructure. 

Comparison.- The thickness (up to 15 mm), com
bined with the regular ftabelliform shape, dis-

tinguish the new species from all other known 
speeies of Meekopora. Relatively thick (seldom 
as thick as 14 mm) species of Meekopora known 
from the Lower-Middle Permian of Kansas and 
Arizona (Moore & Dudley 1944) are distin
guished by their smaller circular monticules. M. 

sellaeformis (Trautschold, 1876 -79 )  from the 
Lower Permian of Timan is distinguished in hav
ing a maximum colony thickness of 8.2 mm, and 
smaller (0.20 x 0.15 mm) and more widely spaced 
apertures. 
Types. -Holotype KWÆ-I-2.0m (PMO A42 156/ 
1-3), petrographical thin sections. Paratype 
AKS-A-5.0m (PMO 118.078/1-4), acetate peels 
and rock speeimen. 

Type locality .- Kapp Wærn, Spitsbergen, Sval
bard. 

Type horizon.- Kapp Starostin Formation, 2 .0 
metres above the base of the Vøringen Member. 

Etymology.- From Latin magnus, meaning large, 
great, and for my son, Magnus. 

Measurements.- See Table 3. 

Material.- AKS-A-5.0m (PMO 118.078), AKS-
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A-5.4m (PMO A42143jl-3), AKS-A-8.0m 
(PM O 118.079), KWÆ-1-2.0m (PMO A42156), 
SVH-2-25.0m (118.084). 

Genus GON/OCLAD/A Etheridge, 1876. 

Type speeies. - Carinella cellulifera Etheridge, 
1873, from the Lower Carboniferous of England. 

Goniocladia sp. 
Plate 2, Fig. G. 

Remarks.- A small fragment of Goniocladia was 
identified from a tangential section in a single 
sample. Number of branches is 2-2.5 per 10 mm 
across colony; number of fenestrules 1.5-2 per 10 
mm along colony. Diameter of zooecial apertures 
IS probably 0.18 mm, and there are estimated to 
be 6 apertures per 5 mm along branch surface. 
Width of branches measures 0.68 to 0.75 mm. 
Fenestrule openings are hexagonal with a maxi
mum length of 2.73-3.87 mm and a maximum 
width of 1.82-2.05 mm. 

Comparison.- The current fragment of Goni
ocladia provides insufficient information for com
parison with other speeies. 

Material.- AKS-A-ll.8 (PMO 118.104) 

Genus RAM/PORA Toula, 1875 

Type speeies.-Ramipora hochstetteri Toula, 1875 
from the Kapp Starostin Formation (Ufimian) of 
Akseløya, Svalbard. 

Ramipora cf. hochstetteri Toula. 1875 
Plate 2, Figs. F, H. 

cf. 1875 Ramipora hochstetteri Toula, p. 230, pl. 
10, figs. la-b. 

Description.-Fragments of Ramipora cf. hoch
stetteri are very common in the examined 
material, but larger, more complete zoaria have 
not been detected, as is also true for many other 
fragile bryozoans in the Vøringen Member. 
Ramipora is composed of a reticulate meshwork 
with anastomosing branches as in Septopora and 
Synocladia, but the branches are bifoliate. Maxi
mum branch width is about 1.80 mm, and maxi
mum height (=colony thickness) is about 1.90-
2.10 mm. The fragmented material prevents a 
distinetion between primary and secondary 
branches. 3-4 rows of zooecial apertures are usu-
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ally developed on each side of the median carina 
(keel). Zooecial apertures are usually 0.20 mm 
long and 0.15 mm wide. Vesicular tissue is devel
oped between autozooecial tubes. 

Remarks.-Fragmented zoaria of Ramipora are 
only observed in the uppermost part of the VØr
ingen Member, in the lithological transition from 
a bioclastie limestone to a more shaley facies. It 
is therefore believed that Ramipora lived in a 
deeper , or more protected, quiet water environ
ment, and was washed into the shelly coquinas of 
the high energy barrier sands. The fragmented 
nature of the current material prevents a definite 
speeies assignment, hence the "cf." denotion. 
Ramipora hochstetteri is abundantly distributed 
in the upper part of the Kapp Starostin Formation 
(from where it was originally described by Toula), 
and a detailed redescription of this speeies is in 
preparation by the author. 

Material.-AKS-A-l1 .8m (PMO 118.103, 
l18.104), FES-I0-14.0m (PMO A42066,067), 
FES-I0-15.0m (A42085, 138.082, 138.085), 
FES-I0-20.0m (PMO 41821). 

Stratigraphical distribution outside Spitsbergen. -
R. hochstetteri has been recorded from the 
"midd le" Permian of Tibet (Metz 1946). 

Order TREPOSTOMAT A 

Genus TABULIPORA Young, 1883. 

Type species.-Cellepora urii Fleming, 1828, from 
the Lower Carboniferous of Scotland. 

Tabulipora siedleckii Malecki, 1968 
Plate 4, Figs. C-Ho 

1968 Tabulipora siedleckii Malecki, pp. 13-21, 
pl. 1-5, pl. 6, figs. 6,9, 10, text-figs. 4--6, 
8-14. 

1988 Tabulipora siedleckii Malecki; Nakrem, 
pp. 114--115. 

1992 Tabulipora siedlecki [sic] Malecki; Sak-
agami, pl. 2, figs. 6, 7. 

Description.- The investigated material consists 
of relatively thick cylindrical branching colonies. 
Twenty speeimens were measured, and although 
the variation in branch diameter is great, they are 
considered to be monospecific. Most zoaria have 
a diameter of 6.0-12.0 mm with exozone about 
1.0-3.0 mm. Zooecial walls in endozone ave rage 
0.02 mm, whereas the walls in exozone vary sig-



nificantly between 0.05 and 0.15 mm as measured 
in tangential section. The walls in exozone show 
a distinct beaded (moniliform) wall structure. Per
forated diaphragms occur in varying numbers in 
zooecial tubes in exozone. They are most common 
at the endozone-exozone transition where there 
are up to 4 diaphragms per 1 mm (average 2.5 per 
1 mm). Zooecial apertures vary in size, averaging 
0.24 mm long and 0.19 mm wide. Distance 
between aperture centres is about 0.28 mm. 
About 6 apertures are developed per 2 mm in 
any direction in tangential section. Exilazooecia 
(average 0.09 mm in diameter) are not common, 
usualJy 1-2 per autozooecial aperture. Large 
acanthostyles have a diameter about 0.13 mm, 
and smalJer, tubercJe-like stylets about 0.02 mm 
are present. There are 3-4 large acanthostyles per 
aperture, whereas there are usually 10-30 smaller 
stylets forming a chain in exozonal walls. 

Comparison.-Most of the measured characters 
show great variation, as was documented by Mal
ecki (1968) in the original description of T. sied
leckii. Subsequently Morozova & Kruchinina 
(1986) recorded T. greenlandensis Ross & Ross, 
1962, T. arcticensis Ross & Ross, 1962, and their 
new species T. aberrans Morozova, 1986, from 
the Kapp Starostin Formation of Svalbard. The 
gre at variation in all the above characters 
observed in the current material include measure
ments in the above mentioned species, and they 
should probably be synomised and incJuded in 
the senior synonym which is T. greenlandensis 

Measurements.-See Table 4. 

Material.-AKS-A-1.3m (PMO A42655-656), 
AKS-A-3.0m (PMO 118.080), AKS-A-5.0m 
(PMO 118.071, 118.073), AKS-A-7.0m (PMO 
A42651), AKS-A-9.0m (PMO A42671), FES-
100l.Om (PMO 118.089), FES-10-6.0m (PMO 
A42601), FES-10-10.0m (PMO 118.157), FES-
10-14.0m (PMO 118.098, 118.102), SVH-2-
25.0m (118.082). 

Tabulipora sp. A. 
Plate 3, Figs. F-H; Plate 4, Figs. A, B. 

Description.-Specimens of Tabulipora 
considered to be different from T. siedleckii con
sist of thick irregularly branching colonies, com
monly fiattened. Colonies are up to 45 mm in 
diameter, commonly 20-30 mm. Width of 
exozone varies accordingly between 1.0 and 5.0 
mm. Zooecial walls in endozone usually 0.01 mm; 

moniliform exozonal walls 0.05-0.06 mm thick. 
Locally in the exozone, there are perforated 
diaphragms; about 2-3 per 1 mm. Ovate to cir
cular zooecial apertures relatively large, average 
0.26 mm long and 0.24 mm wide. Distance 
between aperture centres is 0.26--0.40 mP1 as 
measured in tangential section, and there are 
usually 6--7 apertures per 2 mm in any direction. 
Exilazooecia (average diameter 0.09 mm) are 
rare, usually one per autozooecial aperture when 
present. There are usually 3-4 large acanthostyles 
(diameter 0.10-0.20 mm) and a chain of small 
stylets (0.02 mm in diameter) around each aper
ture. 

Comparison.-Tabulipora sp. A. is separated 
from T. siedleckii in growth pattern, branch dia
meter and autozooecial aperture and exozonal 
walJ dimensions. 

Measurements.-See Table 5. 

Material.-I-O.01 (PMO 42266--269), KWÆ-l-
0.2m (PMO A42155), KWÆ-l-l.55m (PMO 
A42154, A42157), SVH-basis (PMO 118.(86), 
SVH-2-25.0m (PMO 118.(83). 

Genus RHOMBOTR YPELLA Nikiforova, 
1933. 

Type species.-Rhombotrypella astragaloides 
Nikiforova, 1933, from the Middle Carboniferous 
of the Donetz Basin, Russia. 

Remarks.-Rhombotrypella is characterized by 
the square outline of zooecial tubes in endozones 
observed in transverse section, which distin
guishes this genus from Tabulipora . 

Rhombotrypella alfredensis Morozova, 1986 
Plate 5, Figs. A, C, E, G .  

1977 Rhombotrypella cf. composita Niki
forova; Malecki, p. 82, pl. 5, figs. 1a
b. 

1986 

1992 

Rhombotrypella alfredensis Morozova in 
Morozova & Kruchinina, p. 49, pl. 13, 
figs. la-c. 
Rhombotrypella alfredensis Morozova; 
Sakagami, pl. 4, fig. 1. 

Description.-Robust branching cylindrical col
onies commonly 4.0-6.0 mm in diameter. 
Exozone thin, 0.50-1.00 mm wide. Zooecial walJs 
in exozone evenly thickened or beaded; thickness 
averaging 0.13 mm. Walls in endozone are thin, 
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0.01 mm. A single hook-like hemiseptum is 
always present in zooecial tubes in exozone, 
whereas ordinary diaphragms are extremely rare. 
Autozooecial apertures ovate in outline, aver
aging 0.22 mm long and 0.16 mm wide. Distance 
between aperture centres is 0.16-0.27 mm in 
longitudinal direction, 0.10-0.23 in transverse or 
diagonal direction. There are commonly 5-7 aper
tures per 2 mm in any direction. Exilazooecia 
are not common, 1 or 2 when present between 
autozooecial apertures, about 0.06 mm in 
diameter. Two to fOUT large acanthostyles are 
developed in aperture junctions being 0.09-0.19 
mm in diameter. largest in shallowest section. A 
chain of smaller acanthostyJes is developed in the 
walls between adjacent apertures, 0.02-0'()4 mm 
in diameter. visible only in shallowest section. 
Autozooecial tubes have a distinet square outline 
in endozone in transverse section; 4--6 per l m m .  

Monticules absent. 

Comparison.-The measured characters are very 
similar to the original description of R. alfred
ensis , although the acanthostyles are generally 
smaller (0.09-0.19 against 0.18-0.27 in 
Morozova 's material). The small er acanthostyles 
are significantly smaller than those in R. insolita 
Morozova, 1986. R. stuckenbergi Nikiforova, 
1938, and R. invulgata Trizna, 1948, have greater 
numbers of ordinary diaphragms in zooecial 
tubes. R. holmensis Ross & Ross, 1962, and R. 
mallemukensis Ross & Ross, 1962, are dis
tinguished in having smaller acanthostyles (dia
meter 0.07 mm) whereas R. amdrupensis Ross & 
Ross, 1962, has large tubereulate monticules and 
more common ordinary diaphragms. 

Measurements. -See Table 6. 

Material.-AKS-A-3.0m (PMO 118.111), AKS
A-5Am (PMO A42144b, c). AKS-A-7.0m 
(PMO 118.058, 118.(62), AKS-A-8.0m (PMO 
118.110). FES-IO-1.0m (PMO A42091. 093. 
(95), KWI-5-2.0m (A42604-606). 

Stratigraphical distribution outside Spitsbergen.

Trold Fiord Formation (Upper Permian) of  Elles
mere Island and Miseryfjellet Formation (Ufi
mian) of Bjørnøya, Svalbard (Morozova & 
Kruchinina 1986). 
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Rhombotrypella arbuscula (Eichwald, 1860) 
Plate 5, Figs. B, D, F, H. 

1860 Stenopora arbuscula Eichwald, p. 417, pl. 
30. fig. 8. 

1895 Geinitzella arbuscula (Eichwald); Stuek
enberg, p. 124, pl. 24, fig. lO. 

1938 Rhombotrypella arbuscula (Eichwald); 
Nikiforova, p. 60. pl. 8, figs. 1--4. pl. 9, 
figs. 1-5. 

1986 Rhombotrypella arbuscula (Eichwald); 
Morozova & Kruchinina, p. 47. pl. Il, 
figs. 2a-c. 

Description.-Colonies with finely-branched bif
urcating zoaria 1.6-3.7 mm in diameter. Exozone 
narrow, commonly 0.25-0AO mm wide. Zooecial 
walls in endozone 0.02 mm thick; in exozone they 
are evenly thickened, O.08-0.lI mm. Ordinary 
diaphragms in autozooecial tubes are not 
observed, but a hook-like hemiseptum is present 
in the transition between endo- and exozone. 
Autozooecial apertures ovate; 0.18-0.25 mm long 
and 0.10-0.15 mm wide. Distance between aper
ture centres is 0.25-0.29 mm. There are about 5-
6 apertures per 2 mm along colon y and usually 
more than 7 diagonally or across colony. Exi
lazooecia. 0.04-0.09 mm in diameter. are rarely 
developed. Three to fOUT large acanthostyles with 
diameter 0.07-0.13 mm are present in apertural 
junctions. A chain of smaller acanthostyles is 
developed in exozonal walls, diameter 0.02-0.05 
mm. Zooecial tubes are square in transverse 
section, numbering 5-7 per I mm. 

Comparison.-Branch diameter, exozone width, 
acanthostyle diameter as well as aperture dimen
sions distinguish R. arbuscula from R. alfredensis. 
R. distincta Nikiforova, 1938. originally described 
as a subspecies of R. arbuscula has more widely 
separated zooecial apertures and smaller acan
thostyles. 

Measurements.-See Table 7. 

Material.-AKS-A-3.0m (PMO 132'()82). AKS
A-11.5m (PMO A42686-687) AKS-A-I1.8m 
(PMO 118.103/1. 118.103/4, 118.10315, 138.118/ 
1-118/5), FES-10-15.0m (PMO A42590, 
A42276-280, 118.(98). 

Stratigraphical distribution outside Spitsbergen.
Artinskian and Kungurian of Timan and the Urals 
(Morozova & Kruchinina 1986). 

Genus STENOPORA Lonsdale, 1844 
Type species.-Stenopora tasmanensis Lonsdale, 
1844, from the Lower Permian of Tasmania, Aus
tralia. 



Remarks.-Autozooecial tubes with irregularly 
beaded walls in exozones separate Stenopora from 
Dyscritella, whereas lack of diaphragms generally 
separates Stenopora from Tabulipora. 

Stenopora thula Ross & Ross, 1962 
Plate 6, Figs. A-C. 

1962 Stenopora thula Ross & Ross, pp. 43-44, 
pl. 13, figs. 1, 3, 4, pl. 17, fig. 12 

1992 Stenopora thula Ross & Ross; Sakagami, 
pl. 2, fig. 5 

Description.-Relatively robust sub-cylindrical 
branches with ave rage diameter 4.7 mm. Exozone 
width ave rage 1.0 mm. Zooecial walls with dark 
central layer forrned by wrinkling of wall lamina. 
Walls in exozone evenly thickened, showing great 
variation in thickness; 0.06--0.16 mm. Auto
zooecial tubes in endozone polygonal in trans
verse section, wall thickness 0.02 mm. 
Autozooecial apertures circular and ovate; on 
average 0.24 mm long and 0.19 mm wide. The 
apertures are not arranged in particular rows, and 
there are about 5-6 per 2 mm in any direction. 
Distance between aperture centres is 0.27-0.40 
mm. Exilazooecia usually 0.05-0. lO mm in dia
meter, 3-4 per aperture. Acanthostyles about 
0.05-0.09 in diameter, 6--7 per aperture. 
Diaphragms in autozooecial tubes extremely rare. 

Comparison.-S. thula in the current study has 
severai characters in common with and may be 
conspecific with S. cidariformis Lee, 1908. 

Measurements.-See Table 8. 

Material.-AKS-A-l 1 .0m (PMO 132.(85), FES-
11}-15.0m (PMO A42084, 1 38.097-1(1). 

Stratigraphical distribution outside Spitsbergen.
Upper part of the Mallemuk Mountain Group 
(Lower Permian) of eastern North Greenland 
(Ross & Ross 1962). 

Genus DYSCRITELLA Girt y, 1911 

Type species.-Dyscritella robusta Girt y , 1911, 
from the Mississippian (Chester) of Arkansas, 
North Ameriea. 

DyseritelIa bogatensis Morozova, 1970a 
Plate 6, Figs. D-F. 

1970a DyseriteIla bogatensis Morozova, p. 108. 
pl. 60, fig. I 

1977 Dyscritella bogatensis Morozova; Mal
ecki, p. 83, pl. 6, figs. la-d. 

1977 Rhombotrypella cf. gigantea Ross & Ross ; 
Malecki, pp. 81-82, pl. 4, figs. la-e. 

1986 DyseritelIa bogatensis Morozova; Gil
mour & Walker, p. 200, figs. 7d-e, g-h 

1986 DyseriteIla maleckii Morozova in Moro
zova & Kruchinina, p. 55, pl. 16, figs. 2a
c 

1988 Dyscritella bogatensis 
Nakrem, p. 117. 

Morozova; 

Description.-Robust cylindrical zoaria 1O.1}-11.0 
mm in diameter. Exozone 1.31}-3.30 mm wide, 
c\early separated from endozone. Zooecial wall 
thickness in endozone 0.01 mm. Zooecial walls in 
exozone straight and evenly thickened being 0.05-
0.10 mm thick. Diaphragms not observed. Auto
zooecial apertures ovate or circular in outline and 
varying in dimensions, commonly 0.21}-0.28 mm 
lang and 0.16--0.22 mm wide. Distance between 
apertural cent res is O . ]  8--0.35 mm. There are usu
ally 5-7 apertures per 2 mm longitudinally and 6--
8 per 2 mm diagonally or across colony. Exi
lazooecia with diameter between 0.06 and 0.15 
mm not common, up to 4 around each auto
zooecium. Acanthostyles with diameter 0.09-0.18 
mm, generally 3-4 around each aperture. 

Comparison.-The speeimens are most similar to 
those described by Morozova (1970a), and the 
Svalbard speeimens described by Malecki (1977) 
and Morozova & Kruchinina (1986). The speei
mens of D. bogatensis illustrated in Gilmour & 
Walker (1986) are quite different from the Spits
bergen speeimens in having considerably smaller 
branch diameters (3.6--3.7 mm), smaller large 
acanthostyles (0.08 mm) and also in having a 
larger number of exilazooecia bordering auto
zooecial apertures. The speeimen illustrated in 
Malecki (1977:pl. 4, fig. Id) as Rhombotrypella 
cf. gigantea displaying evenly thickened walls with 
large acanthostyles tapering into the surrounding 
matrix and a single diaphragm in some zooecial 
tubes and is considered to be D. bogatensis . 

Measurements.-See Table 9. 

Material.-AKS-A-8.0m (PMO 118.(64), AKS
A-9.0m (PMO A42668--671). 

Stratigraphical distribution outside Spitsbergen.
Upper Permian of the Primor'e region, Russia 
(Morozova 1970a), and Phosphoria Formation 
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(Ufimian-Kazanian) of Idaho, North America 
(Gilmour & Walker 1986). 

DyseritelIa minuta Morozova, 1986 
Plate 6, Figs. G, H; Plate 7, Figs. A, B. 

1986 Dyscritella minuta Morozova in Moro
zova & Kruchinina, pp. 52-53, pl. 14, figs. 
5a-c. 

Description.-Delicate, frequently bifurcating 
colonies with thin branches, usually 1.50-2.00 mm 
in diameter. Distinct exozone, commonly with a 
dense appearance due to thick zooecial walls in 
some areas; exozone width usual ly 0.30-0.60 mm. 
Thickness of zooecial walls in exozone about 0.06 
mm; in endozone about 0.02 mm. Zooecial aper
tures ovate, average 0.21 x 0.18 mm. Apertures 
are more or less arranged in longitudinal rows, 
numbering about 10 per 2 mm along colony, and 
7 diagonally or across colony. Distance between 
nearest neighbour aperture centres is 0.16--0.20. 
Exilazooecia vary in abundance, very rare in some 
places, in other places up to 10 around a single 
autozooecial aperture . Exilazooecia slightly angu
lar or circular in outline, about 0.04 mm in 
diameter. Acanthostyles vary significantly in size, 
being largest in shallowest tangential section; up 
to 0.11 mm in diameter (ave rage 0.06 mm). There 
are usually 3-7 acanthostyles per aperture. In 
maculae there are accumulations of acanthostyles 
and slit-like exilazooecia and no autozooecia. 

Comparison.-This material deviates from the 
original description of D. minuta in having slightly 
greater branch diameter. Zooecial characters are, 
however, very similar. D. min uta is distinguished 
from D. faceta Kruchinina, 1986, in having 
smaller apertures and acanthostyles. D. spi
nigeriformis Morozova, 1970a, from the Kazanian 
of the Russian Platform has thicker branches, 
larger and more widely spaced zooecial apertures. 
D. narjanmarica Kruchinina, 1973, has thicker 
branches and a wider exozone, usually with a 
branch diameter to exozone width ratio as 3: l .  

Measurements.-See Table 10. 

Material. AKS-A-l .3m (PMO A42659-660), 
AKS-A-9.0m (PMO 132.101), AKS-A-11.5m 
(PMO A42684 , A42687-691), AKS-A-l1.8m 
(PMO 118.103, 132.059-062, 132.118), FES-lO-
14.0m (PMO 118.(96), FES-10-15.0m (PMO 
A42277-280, 138.036, 138.086, 1 38.089, 
138.(94), SVH-basis (PMO 1 18.086/4A). 

22 

Stratigraphical distribution outside Spitsbergen. 
Gerke and Savina Groups (Ufimian and Kazan
ian) of Novaya Zemlya (Morozova & Kruchinina 
1986 j. 

DyseritelIa sp. A. 
Plate 7, Figs. C-Fo 

1994 ?Dyscritella sp., Nakrem, figs. 2a-b 

Description. -Small enerusting colonies with 
maximum thickness 2.3-2.5 mm. Autozooecial 
wall thickness in exozone ave rages 0.06 mm, 
being thicker where acanthostyles are formed. 
Endozonal wall thickness 0.01-0.02 mm. Auto
zooecial apertures are rounded or angular being 
about 0.26--0 .34 mm long and 0.26--0.32 mm wide. 
Distance between aperture centres is 0.35-0.44 
mm. There are generally 5-6 apertures per 2 mm 
in any direction. Exilazooecia are rare ly devel
oped and show great variation in diameter (0.04-
0.15 mm). Large acanthostyles variable from 
0.05-0.13 mm in diameter; 3 !Jer autozooecium. 
Basai lamina thin; 0.OJ O-O.OI8 mm thick. 

Remarks.-Encrusted substrates include 
?Rhombotrypella (Pl. 7, Fig. C) and Polypora 
(Fig. 7Bj, brachiopod shells (Pl. 7, Fig. F), 
brachiopod spines and crinoid stems (Pl. 7, Fig. 
E). 

Comparison. -This species is different from the 
Upper Permian D. incrustata Morozova, 1970a 
(also described by Gilmour & Walker 1986) in 
autozooecial aperture and acanthostyle dimen
sions. In aperture dimensions and spacing, D. 
sp. A. resembles D. tubulosa Morozova, 1970a, 
which is described as having a tubular (not 
encrusting) growth form. From Morozova's il lus
trations, it is, however, possible to infer an 
enerusting growth habit in the latter species also. 

Measurements .-See Table 11. 

Material.-KWÆ-I -0.15m (PMO A42271), 
AKS-A-1.5m (PMO 118.108), AKS-A-9.5m 
(PMO A42665), AKS-A- l1.8m (PMO 132.063/ 
2), FES-1O-1S.0m ( PMO 138.(84). 

Trepostornata gen. et sp. indet. 
Plate 7, Figs. G, H. 

Description.-Encrusting zoarium with lamell ar 
and, in places, microgranular wall microstructure. 
Encrusting layer 0 .37 to l.SO mm thick. Zooecial 
apertures large, up to 0.40 mm long and 0.27 mm 
wide. Strongly curved, convex diaphragms are 



developed in zooecial tubes, especially dose to 
basal iamina. Straight diaphragms absent. Exi
lazooecia, about 0.08-0.10 mm in diameter, 
apparently without diaphragms are commonly 
developed between autozooecial apertures. 
Acanthostyles not observed, but minute stylets 
produee a microgranular appearance (Pl. 7, Fig. 
G). 

Comparison. -This material shows toa few 
characters to identify the genus. The strongly 
curved diaphragms have not been detected in any 
other trepostomatous bryozoans in this study. 
The min ute stylets may indicate a relationship 
with less advanced trepostornes, e.g. Aniso
trypeIla . 

Material.-AKS-A- I 1 .8m ePMO 132.057), FES-
10-15.0m ePMO 132.120, 138.095) 

Order CRYPTOSTOMATA 

Suborder RHABDOMESINA 

Genus PRIMORELLA Romanchuk & 
Kiseleva, 1968 

Type species.-Primorella polita Romanchuk & 
Kiseleva, 1968, from the Upper Permian of the 
Maritime Territory , Russia. 

Primorella cf. polita Romanchuk & Kiseleva, 
1968 

Plate 8, Figs. A, D, F. 

cf. 1968 Primorella polita Romanchuk & 
Kiseleva, p. 57, fig. 2 

Description.-Branches are 0.90-1.00 mm in dia
meter. Zooecial apertures ovate, being 0.20-0.25 
mm long and 0.1 1-0.12 mm wide. 3-4 apertures 
are present in 2 mm along colony; about 6 in 2 
mm diagonally . Distinet acanthostyles form 
accumulations and undulating ehains between 
apertures. Aeanthostyle diameter usually 0.020-
0.030, maximum 0.055 mm. Zooecial walls in 
exozone 0.14-0 .15  mm thiek; 0.020-0.025 mm in 
endozone. 

Remarks.-Deseription is based on fragments of 
PrimoreIla from one horizon. The speeimens of P. 
cf. polita usually oceur together with Clausotrypa 
montieola in the eurrent study. The two taxa 
are not always easily separat ed in aeetate peels, 

especially in transverse section. Distinguishing 
features indude the regular chain of small acan
thostyles contrasting with the light-coloured 
exozonal walls in Primorella, compared with the 
striated exozonal walls with randomly placed 
larger acanthostyles in Clausotrypa. 

Comparison.-Incomplete measurements on the 
fragmented zoaria prevent condusive speeies 
assignment. The dosest speeies is P. polita 
Romanchuk & Kiseleva, 1968, from the Upper 
Permian of the Maritime Territory, Russia. P. 
barchatova Kruchinina, 1973, and P. tundrica 
Kruchinina, 1980, both from the Kungurian of 
Timan, have thicker branches. The former also 
has larger zooecial apertures. 

Measurements.-Measurements and summary 
statisties are not presented due to toa few obser
vations. 

Material.-FES-10-15.0m ePMO A42654, 
138.075, 138.085, 138.093) 

Genus CLA USOTR YPA Bassler, 1929 

Type species.-Clausotrypa separata Bassler, 
1 929, from the Permian of Timor. 

Clausotrypa montieola (Eichwald, 1860) 
Plate 8, Figs. B, E, G. 

1 860 

1938 

1941 

1 985 

1986 

1 986 

1 992 

Myriolithes montieola Eichwald, p. 452, 
pl. 25, figs. 6a , c. 
Clausotrypa monticola (Eichwald); Niki
forova, p. 181 [267-268] , pl. 64, figs. 4--7, 
pl. 65, figs. 7-10. 
Clausotrypa montieola (Eichwald); 
Shul'ga-Nesterenko, p. 219, pl. 13, figs. 
3-6. 
Clausotrypa montieola (Eichwald); Gor
yunova, p. 99, pl. l3, fig. 4; text-fig. 33. 
Clausotrypa montieola (Eichwald); Alek
seeva et al., pl. 99, fig. 3. 
Clausotrypa montieola (Eiehwald); Moro
zova & Kruchinina, p. 67, pl. 20, figs. 3a, 
b, pl. 4, figs. 4a-c. 
Clausotrypa montieola (Eichwald); Sak
agami, pl. 3, figs. 6, 7. 

Description.-Zoaria with thin branches about 
0.90-1.10 mm in diameter. Exozone, not easily 
distinguished from endozone, is commonly 0.20-
0.35 mm wide. Thickness of zooeeial walls in 
endozone is 0.020 mm; in exozone high ly variable, 
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0.09-0.24 mm measured in tangential section. 
Diaphragms are not observed. Zooecial apertures 
ovate, with great variation in size and inter-aper
tural distance. Apertures are 0.16 mm long and 
0.11 mm wide in shallowest sections widening 
to 0.29 x 0.13 mm in slightly deeper tangential 
sections. Distance between apertural centres is 
about 0 .40-0. 60 mm along colon y and 0.30-0.38 
mm diagonally. There are about 3.5 apertures 
along and 6 apertures diagonally per 2 mm. Angu
lar metapores are infrequently present between 
zooecial apertures; about 0.036 mm in diameter. 
When present, there are >8 metapores per zooe
cial aperture . Distinet acanthostyles projecting 
above colony surface, 0.03-0.04 mm in diameter 
are frequently developed between zooecial aper
tures. Distribution of acanthostyles is random. 
Small stylets pierce the exozone producing a stri
ated appearance in tangential section. 

Remarks.-Dimension of zooecial apertures is 
highly dependent on how deep are the tangential 
sections. As can be seen in transverse sections 
(Pl. 8, Fig. B and G), zooecial tubes are widest 
some distance away from colony surface. This 
corresponds to the great variation in exozonal 
wall thickness and, consequently. aperture open
ings will vary significantly in size. In their 
description of C. montieola , Morozova & Kru
chinina (1986 :67) state that "metazooecia [are] 
absent", but "capillaries" of varying size and 
shape are present between zooecial apertures. 

Comparison. -C. montieola is distinguished from 
C. spinosa Fritz, 1932, which was recorded from 
the Upper Permian of Ellesmere Island and 
Novaya Zemlya by Morozova & Kruchinina 
(1986), mainly in its smaller and more c\osely 
separated zooecial apertures. Both speeies have 
metapores, although Morozova & Kruchinina 
(1986: p .68) state that "cystopores [ =metapores] 
[are l not developed" in C. spinosa as identified 
by them. C. dara Kruchinina, 1980, has no acan
thostyles developed. As tabulated in Nakrem 
( l991b), C. spinosa is fairly common in the upper 
part of the Kapp Starostin Formation of Spits
bergen. 

Measurements .-See Table 12. 

Material. -Description and measurements are 
based on 10 fragmented zoaria; AKS-A-11.Sm, 
AKS-A-l 1.8m, FES-10-14.0m and FES-l O
lS . 0m. 
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Stratigraphical distribution outside Spitsbergen .
Artinskian of the Urals, Belcher Channel For
mation (Asselian-Sakmarian) of Ellesmere 
Island, Kungurian of Timan and the Malo
zemel'sk Tundra (Morozova & Kruchinina 1986). 

Genus STREBLASCOPORA Bassler, 1 952. 

Type species.-Streblotrypa fasciculata Bassler, 
1929, from the Permian of Timor. 

Streblascopora germana (Bassler , 1929) Plate 8, 
Figs . I-K. 

1929 Streblotrypa germana Bassler , p. 67, pl. 
239, figs. 6--10. 

1960a Streblascopora germana (Bassler) ; Bar
anova, p. 68, pl. 4, fig. 4. 

1986 Streblascopora germana (Bassler); Moro
zova & Kruchinina, p. 69, pl. 21, figs. 3a
b. 

1992 Streblascopora vera Morozova; Saka
gami, pl. 4, figs. 7-8. 

Description. -Bifurcating colonies with branches 
about 0.80-1.10 mm in diameter. Exozone (0.30-
0.40 mm wide) is c1early separated from 
endozone, with an axial bundle of parallei zooe
cial tubes ( 0.20-0.26 mm in diameter). There 
are 4 parallei zooecia as observed in longitudinal 
section. Zooecial apertures are elongated ovate, 
about 0.1 7-0.18 mm long and 0.09-0.11 mm wide. 
Distance between centres of apertures is about 
0.28 mm diagonally and 0.50 mm along branch; 
there are about 4 apertures along and 6.5 aper
ture� diagonally per 2 mm. Abundant metapores 
are developed in the areas between adjacent zooe
cial apertures. Diameter of metapores is 0.03-
0.05 mm; 8-10 metapores are present per zooecial 
aperture. 

Comparison .-S. germana is distinguished from 
S. fasciculata Bassler , 1929, in its smaller zooecial 
apertures, but metapore dimensions are ap p ar
ently quite similar. S. kungurensis Kruchinina. 
1986. has a smaller branch diameter and a smaller 
axial bundle, whereas S. vera Morozova, 1986. 
has a wider axial bundle with six parallei zooecial 
tubes. 

Measurements.-See Table 13. 

Material. -Description and measurements are 
based on 8 fragmented zoaria ;  AKS-A-l l.Sm. 
AKS-A-l l .8m. FES-10-14.0m and FES-IO
I S.Om. 



Stratigraphical distribution outside Spitsbergen.
?Late Permian of Timor (Bassler 1929) and Kun
guri an of Timan (Morozova & Kruchinina 1986). 

Genus PERMOHELOCLEMA Ozhgibesov, 
1983 

Type species.-Permoheloclema merum Ozh
gibesov, 1983, from the Savina Group (Kazanian) 
of Novaya Zemlya,  Russia. 

Permoheloclema merum Ozhgibesov, 1983 
Plate 8, Figs. C, H. 

1983 

1985 

1986 

1992 

Permoheloclema merum Ozhgibesov, p. 
98, figs. 1a-d. 
Permoheloclema merum Ozhgibesov; 
Goryunova, p. 94, pl. 5, figs. 3a-c. 
Permoheloclema merum Ozhgibesov; 
Morozova & Kruchinina, p. 71, pl. 24, 
figs. 1 a-f. 
Permoheloclema merum Ozhgibesov; 
Sakagami, pl. 4, figs. 3-5. 

Description.-Finely branched bifurcating col
onies with branch diameter about 0.6G--0. 90 mm, 
and exozone width about 0. 2G--O.24 mm. Zooecial 
apertures ovate, about 0.13 mm long and 0.08 
mm wide. Distance between aperture centres is 
about 0 .29 mm along colony and 0.23 mm diag
onally. Zooecial apertures are arranged in regular 
rows along colony, with about 6--8 apertures per 
2 mm both diagonally and along colony. Exozonal 
walls are 0. 16  mm thick; endozonal walls about 
0.08 mm thick. Exozonal walls are pierced by 
numerous stylets (diameter 0.01 mm) both ran
domly arranged and arranged in rows producing a 
striated or spott Y surface as observed in tangential 
section. Metapores not observed. 

Remarks.-Pores [metapores] as mentioned and 
illustrated in Ozhgibesov (1983: fig. la), and men
tioned, but not iIIustrated in Morozova & Kru
chinina (1986) were not observed. Most 
observations were taken from acetate peels; this 
character may be better visible in petrographic 
thin sections, as is the case with some characters 
in cystoporates. 

Comparison.-The Artinskian P. dunaeva Ozh
gibesov, 1983, is distinguished from P. merum 
in having thicker branches (0.83-1 . 03 mm) and 
larger zooecial apertures. P. porifera (Fritz, 1932) 
from the Permian of Vancouver Island (Canada) 
also has thicker branches (1-2 mm). 

Measurements.-See Table 14. 

Material.-Description and measurements are 
based on 8 fragmented zoaria; AKS-A-7.0  (PMO 
A42650/1) , AKS-A-11.5m, AKS-A-1 1 .8m, 
FES-IG--lO.Om (PMO 118. 154-157), FES-1G--
14.0m and FES-IG--1 5.0m. 

Stratigraphical distribution outside Spitsbergen.
Ufimian and Kazanian (Gerke and Savina 
Groups) in Novaya Zemlya (Morozova & Kru
chinina 1986). 

Suborder TIMANODICTYOIDEA Morozova, 
1966 

Genus TIMANODICTYA Nikiforova, 1938 

Type species.-Coscinium dichotomum Stuck
enberg, 1895, from the Lower Permian of Timan, 
Russia. 

Timanodictya nikiforovae Morozova, 1966 
Plate 9, Figs. A-E. 

1966 Timanodictya nikiforovae Morozova, p. 
35, pl. 5, fig. l .  

1970a Timanodictya nikiforovae Morozova; 
Morozova, p. 244, pl. 59, figs. la-do 

1 977 Timanodictya nikiforovae Morozova; 
Malecki, p. 86, pl. 7, figs. la-c. 

1986 Timanodictya nikiforovae Morozova; 
Alekseeva et al. ,  pl. 109, figs. 4a-c. 

1986 Timanodictya nikiforovae Morozova; 
Morozova & Kruchinina, p. 121. pl. 47, 
fig. l. 

1988 Timanodictya nikiforovae Morozova; 
Nakrem, p. 120 

1992 Timanodictya nikiforovae Morozova; 
Sakagami, pl. 5, figs. l ,  2 

Description.-Bifoliate ribbon-like branches 
with zooecia budding from a median lamina open
ing on both sides of the branches. Thickness of 
branches usually 1 . 2G--1 .70 mm; width about 2.35 
mm. Median lamina alm ost straight, 0.02 mm 
thick. Zooecia bud at about 90° from the median 
lamina opening on branch surface in regular 
oblique rowS. Apertures circular or slightly ovate, 
usu all y 0 . 19  x 0.17 mm. An indistinct zooeClal 
lining layer, 0.01 mm wide lines the apertures. 
Distance between apertural centres along colony 
is 0.44-0.52 mm, and diagonally 0.29-0.37. There 
are about 4 apertures per 2 mm along colony and 
6 per 2 mm diagonally . Zooecial walls in endozone 
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are 0.02 mm thick. Zooecial wall in exozone is 
pierced by numerous stylets with a diameter of 
0.02 mm; the walls are 0.08-0.13 mm thick. 

Comparison .-T. nikiforovae is distinguished 
from T. obrutschewi (Nekhoroshev, 1935) and T. 
fortis Morozova, 1970b, in its more widely spaced 
apertures (2-3 versus 4-6 per 2 mm). T. fortis and 
T. multifora Morozova, 1981, have significantly 
larger stylets (0.03-0.04 mm). T. cf. T. dichotoma 
(Stuckenberg, 1895) described from North 
Greenland (Ross & Ross 1 962) has generally 
thicker branches (average 2.0 mm) and more 
closely spaced apertures . 

Measurements.-See Table 15. 

Material.-AKS-A-1 .3m (PMO A42695/1), 
AKS-A-5.0m (PMO 118.078), AKS-A-7.0m 
(PMO A42650/3), AKS-A-8.0m (PM O A42681), 
AKS-A-l1.5m (PMO A42697), FES-IO--lO.0m 
(PM O 118.154-157), FES-IO--I5.0m (PMO 
138.075, 138.092, 138.096, 138.100). 

Stratigraphical distribution outside Spitsbergen.
Kazanian of the Russian Platform (Morozova 
1966), Gerke Group (Ufimian) of Novaya Zemlya 
(Morozova & Kruchinina 1986), Miseryfjellet 
Formation (Ufimian) of Bjørnøya, Svalbard (Mal 
ecki 1977). 

Genus GIRTYPORINA Morozova, 1966 

Type species.-Girtyporina applicata Morozova, 
1966, from the Upper Permian (Kazanian) of the 
Russian Platform, Russia. 

Girtyporina sp. 
Plate 9, Figs. F-H. 

Description.-Several small fragments of Gir
typorina were found during the study. Girtyporina 
is characterized by unilaminar encrusting colonies 
with well-developed fossazooecia between nor
mal autozooecia. Zoarial components and micro
structures are otherwise typically timanodictyine. 
Specimens were only observed in randomly cut 
sections, and all necessary features could not be 
measured. One specimen was attached to a thin 
brachiopod shell. Autozooecial apertures are 
regularly circular or slightly ovate, usually 0.21 x 
0.20 mm, and distributed in a random pattern. 
Distance between apertural centres is about 0.30 
mm, and there are 6 apertures per 2 mm in any 
direction. Autozooecial apertures have an indis
tinct tining 0.016-0.018 mm wide. Maculae, 
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devoid of autozooecia and fossazooecia are devel
oped on colony surface, about 0.96 mm long and 
0.27 mm wide. Diaphragms were not observed in 
zooecial tubes. Exozonal wall thickness is 0.06-
0.13 mm. 

Remarks.-Stylets are not observed in the current 
material, but this may be a result of inadequate 
preservation and acetate peel preparation. Zooe
cial walls seem to have a microgranular appear
ance resembling zooecial walls in cystoporates. 
Other cystoporates, as identified from the current 
material, do not reveal all microscopic details in 
acetate peels. There are however no signs of 
vesicles, and the current material is, therefore, 
assigned to Girtyporina. 

Measurements .-See Table 16. 

Material.-AKS-A-5 .0m (PMO A42678), AKS
A-8.0m (PMO 132.102), AKS-A-11.5 (PMO 
A42688), FES-IO--lO.0m (PMO 118.155-156). 

Order FENESTRAT A 

Family FENESTELLIDAE King, 1849 

Genus FENESTELLA Lonsdale, 1839 

Type species.-Fenestella antiqua Lonsdale, 1839, 
from the Silurian (Wenlock) of Great Britain. 

Fenestella akselensis sp. nov. 
Plate 10, Figs. A-D. 

Diagnosis.-Fenestella with elongated box-like to 
parallelogram shaped zooecial chambers, large 
monoserial nodes 0.05-0.15 mm long and 0.04-
0.10 mm wide, ovate fenestrules and wide 
branches (0.29-0.39 mm) with a keel along 
reverse side of branches. 

Description.-Meshwork with 15-21 branches per 
10 mm across colony and 13-17 fenestrules per 
10 mm along colony. Branches with 2 rows of 
apertures are 0.29-0.39 mm wide; prior to bif
urcation branches with 3 rows of apertures are up 
to 0.49 mm wide. Branch thickness is 0.55 mm. 
Elongated nodes are present on branch carina, 
about 0.10 x 0.06 mm; 3.3-4.0 per l mm. Distance 
between node centres is 0.22-0.31 mm. Dis
sepiments are 0.23-0.35 mm wide. Fenestrules 
are ovate in outline, 0.36-0.46 mm long and 0.19-
0.27 mm wide. Apertures are circular (0.12 mm 
in diameter) or slightly ovate (0.13 x 0.11 mm) in 



outline. There are 1 8-23 apertures per 5 mm 
along branches, and 3-4 per fenestrule . Distance 
between aperture centres is about 0 .24 mm both 
along and across branch . Zooecial chambers are 
irregular kidney-shaped in shallow tangential sec
tion , rectangular or boxlike in median to deep 
tangential section ,  with a straight axial wall 
between each row of zooecial chambers. Chamber 
reverse wall budding angle is 35 - 88° in longi
tudinal section; inter-colonial variation is clearly 
larger than intra-colonial variation , but variable 
orientation of sections also accounts for some 
variation. 

Remarks. - The investigated specimens resemble 
Wjatkella as described by Morozova & Kruchinina 
( 1986) (without preserved protective superstruc
ture) in geometry of fenestrules and the rounded 
branch-dissepiment junctions. 

Comparison.-Fenestella akse/ensis sp. nov. dif
fers from F. reuersicnotta sp . nov. in micrometric 
formula, and in general having a more delicate 
meshwork. The keel-like development of branch 
reversals also separates the se species. In mi c
rometric composition, the new species has some 
similarities with F. accurata Trizna, 1950 , from 
the Sakmarian of the Urals, and with F. dispersa 
(Crockford, 1943) from the Permian of Australia. 

Types .-Holotype AKS-A-5 .0m (PMO 
A42677), acetate peel and rock specimen. Para
type AKS-A-7 .0m (PMO A42695) ,  acetate peel 
and rock specimen. 

Type /ocality.-Akseløya, Svalbard. 

Type horizon.-Kapp Starostin Formation, 5 .0  
metres above the base of  the Vøringen Member. 

Etymology .-From the place-name Akseløya. 

Measurements .-See Table 17 .  

Material.-AKS-A-5 .0m ePMO A42677) ,  AKS
A-7. 0m (PMO A42694, A42695, A42696, 
1 18 .060, 132.086) . 

Fenestella reuersicnotta sp. nov. 
Plate 10, Figs. E-l. 

1994 Rectifenestella sp . ,  Nakrem, fig. 2f 

Diagnosis.-Fenestella with robust meshwork 
components, relatively closely-spaced zooecial 
apertures, rectangular to elongated-rounded 
zooecial chambers and elongated carinal nodes. 

Robust dissepiments 0.38--0.40 mm wide , slightly 
sinuous wide branches with large nodes (diameter 
0.07--0.10 mm) on reverse side. 

Description .-Meshwork with 16-23 branches per 
10 mm across colony and 1 6-20 fenestrules per 10 
mm along colony. Branches are usually 0 .31-
0.37 mm wide , maximum 0.60 mm wide prior to 
bifurcation where 3 or less commonly 4 rows 
of apertures are developed, 0 .26-0 .29 mm wide 
immediately after bifurcation. Maximum branch 
thickness is 1 .27 mm. Elongated nodes are devel
oped on branch carina, 0 .09--0. 1 8  mm long and 
0.04--0.07 mm wide . There are about 4 nodes per 
1 mm, distance between node centres is 0 .18--0.33 
mm. Large nodes, diameter 0 .07-0.10 mm, are 
also developed on reverse surface of branches, 
usually 0 .58--0.60 mm apart, in a single row mid
way along branches. Dissepiments are 0. 17-0.30 
mm wide, being widest on obverse surface of 
colony. Fenestrules are 0 .32-0.5 1 mm long and 
0 . 18--0.30 mm wide. Zooecia open inwards into 
fenestrules leading to an irregular fenestrule 
outline. There are 19-27 apertures per 5 mm 
along branches and 2-4 per fenestrule. Distance 
between aperture centres is about 0.23 mm along 
branch and 0.22 mm across branch. Apertures 
are ovate (commonly 0 . 13  x 0 . 1 1  mm) or circular 
(0. 1 1-0. 14 mm in diameter) . Zooecial chambers 
are fabiform in shaUow tangen ti al section, elon
gated-rounded to rectangular in median to deep 
section . The axial waU is straight to slightly zig
zag. Chamber reverse wall budding angle is 48-
63° in longitudinal section. 

Remarks. -This species of Fenestella resembles 
Wjatkella described without protective super
structure from Svalbard by Morozova & Kru
chinina ( 1986) . The geometry of fenestrules and 
zooecial base outline, as weU as branch and dis
sepiment robustness are similar in both taxa. The 
complete lack of superstucture , however, pre
vents placement of the new species in Wjatkella . 

Comparison . -t-tests revealed significant dif
ferences between Fenestella akse/ensis sp. nov. 
and Fenestella reuersicnotta sp. nov . regarding 
branch and dissepiment widths and spacings, as 
weU as apertural spacings. Regarding previously 
described species of Fenestella , the dosest species 
in zoarial characters is F. enta Kruchinina, 1973, 
recorded from the Sakmarian of Timan. 

Types .-Holotype AKS-A-5 .0m (PMO 
A42643) ,  acetate peel and rock specimen. 
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Paratype AKS-A-1 .3m (PMO A42658), acetate 
peel and rock speeimen. 

Type locality .-Akseløya, Svalbard. 

Type horizon . -Kapp Starostin Formation, 5 .0  
metres above the base of  the Vøringen Member. 

Etymology .-Combination of revers (reverse side 
of branches) and cnotta (Anglo-Saxon for knot , 
node) ,  referring to the frequently developed 
nodes on the reverse side of branches (Plate lO,  
Fig. G).  

Measurements.-See Table 18 .  

Material. -AKS-A-l .3m (PMO A42657, 
A42658),  AKS-A-3 .0m (PMO 1 18 .(8 1 ) ,  AKS
A-3 .5m (PMO 1 32 .(72) ,  AKS-A-5 .0m ( PMO 
A42643) ,  AKS-A-IO.5m (PMO 132.088, 
132 . 103)  

Genus FABIFENESTELLA Morozova. 1 974. 

Type species.-Fenestella praevirgosa Shul'ga
Nesterenko , 195 1 ,  from the U pper Carboniferous 
( Gzhelian ) of the Russian Platform, Russia .  

Fabifenestella sp .  A.  
(not il lustrated) 

Remarks.-A small fenestellid fragment with fab
iform zooecial chambers is assigned to Fabi
fenestella. The meshwork is composed of 1 4  
branches, approximately 0 .45 m m  wide per 10 
mm, and 10 fenestrules per 1 0  mm along colony. 
Dissepiments are 0 .38-0.45 mm wide. Fenestrules 
are about 0 .60 mm long and 0.36 mm wide . Zooe
cial apertures are about 0 . 1 6--0 . 18 mm in 
diameter, about 1 4- 1 5  per 5 mm along branches. 
Zooecial chambers are irregular to fabiform in 
median tangen ti al section . 

Comparison. -This description is based on a 
small fragment of Fabifenestella , whose specific 
affinities cannot be determined. Based on the 
measured features, the current speeimen has, 
however, characters in common with F. dar
vazensis ( Goryunova , 1 970) described from the 
Artinskian of Darvaz, Russia .  

Measurements.-Measurements and summary 
statisties are not presented due to toa few obser
vations. 

Material. -AKS-A-7 .0m (PMO 118 . 109). 
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Fabifenestella sp.  B .  
Plate I l ,  Figs. A ,  B .  

Remarks .-Relatively loose meshwork with 
irregular elongated fenestrules. There are 7-9 
branches across and 5-7 fenestrules along colony 
in 10 mm. Branches are 0 .45-D.55 mm wide with 
2 .5-3 indistinct nodes per l mm. The nodes are 
0 .09 mm long and 0 .06 mm wide. Distance 
between node centres is about 0.38 mm. Dis
sepiments dre 0 .38-D.40 mm wide. Fenestrules 
are 1 . 18-1 .77 mm long. and 0 .64-0.84 mm wide. 
Apertures are circular, 0. 1 4-0. 15 mm in diameter. 
There are usually 1 3- 1 5  apertures per 5 mm along 
branches, and 6--7 bordering each fenestrule. Dis
tance between aperture centres is 0 .3 1-0 .36 mm 
along branch ; 0 .3O-D.46 across branch. Zooecial 
chambers are ovate fabiform in shallow to median 
tangential section ,  and more rectangular in 
deeper section. 

Comparison . -Most measured characters display 
great variation ,  and a species assignment is not 
possible from the current material. Regarding 
the micrometric formula, F. completa Morozova, 
1 986, recorded from the Kocherga and Gerke 
Groups ( Ufimian) of Novaya Zemlya, is the clos
est species. 

Measurements. -See Table 1 9 . 

Material.-AKS-A-I 1 .8m (PMO WU(5).  

Genus RECTlFENESTELLA Morozova, 1974 

Type species.-Fenestella medvedkensis Shul'ga
Nesterenko , 1 95 1 ,  from the Upper Carboniferous 
( Kasimovian) of the Russian Platform, Russia. 

1 939 

1941 

1941 

1981  

1986 

Rectifenestella microporata ( Shul'ga
Nesterenko, 1 939) 

Plate I l ,  Figs. C-Fo 

Fenestella elegantissima Eichwald var. 
microporata Shul'ga-Nesterenko, p.  67 , 
text-fig.  21. 
Fenestella elegantissima Eichwald var . 
microporata Shul'ga-Nesterenko; 
Shul'ga-Nesterenko, p.  69, pl . 7, fig. 3 ,  
p l .  8 ,  fig. 3 .  
Fenestella elegantissima Eichwald var . 
cornifera Shul'ga-Nesterenko , p. 71 , pl. 
9 ,  figs. 1 -2 .  
Rectifenestella microporata (Shul'ga-Nes
terenko) ; Morozova, p. 65 , pl . 1 5 ,  fig. 5 ,  
p l .  29, fig. 3 .  
Rectifenestella microporata (Shul'ga-Nes-



terenko) ; Morozova & Kruchinina, p. 80, 
pl. 28, fig. 3 .  

Description .-Meshwork with 20-28 branches per 
10 mm across colony and 1 8-23 fenestrules per 10 
mm along colony. B ranches with two rows of 
apertures are about 0 . 24 mm wide, usually wider 
(0 .30 mm) near obverse surface of colony and 
narrowing (0.18 mm) towards reverse side. 
Branches are 0 .83-1. 1 8  mm thick. Nodes are con
sistently present along branch carina, 4-6 per 1 
mm. Nodes are elongated, commonly 0 .07 x 0.05 
mm ; average distance between node centres is 
0 .21  mm. Dissepiments are about 0 .23 mm wide, 
but show gre at variation (0.08-0.38 mm) being 
wider on obverse than on reverse side. Fene
strules are about 0 .29 x 0.18 mm, but as in dis
sepiment dimensions ,  variation is great due to 
possible secondary calcification leading to a 
decrease in fenestrule size. Some fenestrules are 
completely c\osed off (Pl. I L  Fig. C) . Apertures 
are circular or slightly ovate in outline, commonly 
0 . 12 x 0 .09 mm. There are 20-30 apertures per 5 
mm along branches, and 2-3 apertures bordering 
each fenestrule. Distance between aperture 
centres is 0 . 16-0.24 mm along branch ; 0.20-0.26 
mm across branch. Zooecial chambers in median 
tangential section are pentagonaL with a zig-zag 
axial wall between each row of zooecial chambers. 
Chamber reverse wall budding angle about 70° in 
longitudinal section ,  but variation is great. 

Comparison.-R. microporata is distinguished 
from R. retiformis (Schlotheim, 18 16) which has 
small er fenestrules and more c\osely spaced aper
tures. Possible secondary calcification of branches 
and dissepiments and the partial c\osing off of 
fenestrules are features in common with Lyropora 
serissima sp . nov. , but R. microporata is generally 
less robust than Lyropora serissima sp. nov. ; dis
similarity is also supported by differences in mic
rometric formula as well as the arched shape of 
zoaria in Lyropora. 

Measurements.-See Table 20. 

Material.-AKS-A-l .5m (PMO 118. 108), AKS
A-3 .0m (PMO A42667, PMO 1 18.053, 1 1 8 .054) , 
AKS-A-5 . 0m (PMO 1 18 .074) , AKS-A-7.0m 
(PMO A42640, A42683), A KS-A-l 1 .5m (PMO 
A42693 , PMO 132 .098) , FES-I0-6.0m (PMO 
118 .158) . 

Stratigraphical distribution outside Spitsbergen.
R. microporata is recorded from the Sakmarian 

of the Urals and the Artinskian "Unnarned For
mation" of Ellesmere Island (Morozova & Kru
chinina 1 986) . 

Rectifenestella retiformis (Schlotheim , 1816)  
Plate 1 1 ,  Figs. G ,  H; Plate 12 ,  Figs. A ,  B .  

1 816 Keratophytes retiformis Schlotheim, p. 17, 
pU , figs. 1-2. 

1849 Fenestella retiformis (Schlotheim) ; King, 
p. 35 , pl. 2, figs. 8-19.  

1861 Fenestella retiformis (Schlotheim);  
Geinitz, p.  1 16 ,  pl .  22, fig. l .  

1926 Fenestella retiformis (Schlotheim) ;  Likh
arew, p. 1 0 12 ,  pl. 14, figs . 1-5 ,7,8, 10.  pl. 
15 , figs. 2-4,6,  text-figs . 1-3. 

1930 Fenestella retiformis (Schlotheim) ;  Korn . 
p. 354 , pl.1 , figs. 1-4. 

1930 Fenestella retiformis (Schlotheim) ;  
Shul'ga-Nesterenko, pl . 6 ,  fig. 6.  

1 939 Fenestella retiformis (Schlotheim );  
Shul'ga-Nesterenko, p.  71, pl. 13 , figs. 2.  
4,  5 ;  text-fig. 26. 

1941 Fenestella retiformis (Schlotheim ) ;  
Shul'ga-Nesterenko, p .  77, pl. 1 0 ,  fig. 3 ,  
pl. 11 , figs. 5-6. 

1948 Fenestella retiformis (Schlotheim) ; 
Trizna, p. 164, pl. 13. figs. 5-6. 

1961 Fenestella retiformis (Schlotheim) ;  
Dreyer, p .  9 ,  p l .  l ,  figs. 1-2 , p l .  2 ,  figs. 1-
5 ,  pl. 3 ,  fig. L text-fig. 1 .  

1968 Fenestella retiformis (Schlotheim) ;  Sak
agami, p. 57,  pl. 9, fig. 5 .  

1970a Fenestella retiformis (Schlotheim) ; Moro
zova, p. 162, pl. 30, fig. 2, pl. 32, fig. 2 .  

1981 Rectifenestella retiformis (Schlotheim ) ;  
Morozova, p .  66, pl. 16 .  fig. 1 ,  pl. 29, fig. 
4. 

1983 Fenestella retiformis (Schlotheim) ; Yang 
& Lu, p. 278, pl. 3, figs . 11-12 .  

1986 Rectifenestella retiformis (Schlotheim ) ;  
Alekseeva et al . ,  p l .  10 1 ,  fig. l .  

1986 Rectifenestella retiformis (Schlotheim) ;  
Morozova & Kruchinina, p.  80, pl. 28, 
fig. 4. 

Description.-Meshwork with 1 9-20 branches per 
10 mm across colony and 15-17 fenestrules per 10 
mm along colony. Branches are 0 .20-0.36 mm 
wide and 0.91 mm thick. Large nodes (0.09-0 . 1 8  
x 0.07-0.09 mm) are present on branch carina; 4 
per 1 mm. Dissepiments are 0.12-0 .24 mm wide. 
Fenestrules are 0. 38-0.47 mm long and 0. 18-0.30 
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mm wide . Apertures are circular, 0.09 mm in 
diameter; distance between aperture centres is 
0.11-0.24 mm along branch, and 0.24-0.31 mm 
across branch. There are 16-23 apertures per 5 
mm along branches ,  with 2.5-3 apertures per 
fenestrule. Zooecial chambers have an irregular 
ovate outline in shallow tangen ti al section, more 
pentagonal in median tangential section. 
Chamber reverse wall budding angle is 61-71° in 
longitudinal section. Appendages (root holdfasts) 
are commonly developed and originate from the 
branch reverse (Pl. 12, Fig. B) .-

Comparison.-The calculated micrometric for
mula falls within the ranges of R. retiformis as 
documented in severaI previous works. The 
species is separated from R. sp . A. which has 
more closely spaced apertures. R. nikiforovae 
(Shul'ga-Nesterenko, 1936) from the Lower Per
mian of Timan, and R. ueneris (Fischer de 
Waldheim ,  1837) of Carboniferous age also fall 
within the recorded ranges of lOarial characters 
in R. retiformis. 

Measurements.-See Table 21. 

Material.-AKS-A-7 .0m (PMO 132.075), FES
lO-15.0m (PMO 138.080/2). 

Stratigraphical distribution outside Spitsbergen.
R. retiformis has a long stratigraphic range , from 
the Artinskian of the Urals (Shul'ga-Nesterenko 
1941) to the U fimian of Ellesmere Island (Moro
lOva & Kruchinina 1986) and the lower Zechstein 
of Europe ( Schlotheim 1816; Dreyer 1961; Moro
zova 1970a). 

Rectifenestella sp. A .  
Plate 12 , Figs. C-E .  

Description .-Meshwork with 18-23 branches per 
1 0  mm across colon y and 14-17 fenestrules per 10 
mm along colony. Branches are 0.25-0.33 mm 
wide, and 0.40 mm thick. Nodes are present on 
branch carina. 4-5 per l mm. Nodes are 
elongated. average 0.11 x 0.06 mm , largest in 
shallower section. Distance between node centres 
is 0.20-0.25 mm. Dissepiments are 0.15-0.22 mm 
wide . Fenestrules are 0.38-0.55 mm long, 0.22-
0.31 mm wide. Apertures are circular in outline ; 
0.10-0.13 mm in diameter. Distance between 
aperture centres is 0.16-0.22 mm along branches, 
0.12-0.22 mm across branches. There are 3.5-4.0 
apertures bordering each fenestrule, 24-30 per 
5 mm along branches . Zooecial chambers are 
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irregular or ovate in shallow tangential section, 
pentagonal in median and deep tangential section .  
Chamber reverse wall budding angle 55-65° in  
longitudinal section. 

Comparison .-R. sp. A. differs from R. retiformis 
in having significantly more closely-spaced lOoe
cial apertures (24-30 against 16-20 per 5 mm) , 
and greater number of apertures bordering each 
fenestrule (3. 5-4.0 versus 2.5-3.0). R. sp. A. is 
distinguished from R. microporata which has 
smaller fenestrules and fewer apertures bordering 
each fenestrule. R. sp. A. has a micrometric for
mula which has some components in common 
with R. meduedkensis (Shul'ga-Nesterenko, 
1951) from the Kasimovian (Carboniferous) and 
R. pseudoueneris (Shul'ga-Nesterenko, 1 941) 
from the Sakmarian-Artinskian of the Urals, but 
is distinguished in having larger and more widely 
spaced lOoecial apertures. Shortage of well-pre
served specimens prevents, however ,  erection of 
a new species. 

Measurements.-See Table 22. 

Material.-AKS-A-7.0m (PMO 118.(59), FES-
1 0- I 5 . 0m (PMO A42086, A42087, A42089, 
138.(90) 

Rectifenestella sp. B .  
Plate 12, Fig. F .  

Description. -Meshwork with a n  open character, 
with 12-13 branches and 8-9 fenestruIes per 10 
mm. Branches have a sinuous shape , being 0.24-
0.36 mm wide with 4 nodes per 1 mm. Nodes are 
0.08--0.09 mm long and 0.05-0.07 mm wide. The 
branches are striated on reverse side. Dis
sepiments are 0.25 mm wide near obverse surface 
and 0.16 mm ne ar reverse surface of colony. The 
dissepiments frequently bear small tubercles with 
a diameter of 0.01 4-0.0 1 6  mm. FenestruIes are 
ovate and unusual l y  large , 1.00-1.1 4 mm long 
and 0.55-0.66 mm wide. Zooecial apertures are 
circular, with a diameter of 0.09-0.10 mm. Dis
tance between aperture centres is 0.2(}"-O.22 mm 
along and across branch, with 21 -24 apertures in 5 
mm. There are 5, or usually 6 apertures bordering 
each fenestrule. Zooecial chambers are pen
tagonal or slightly triangular in median tangen ti al 
section. 

Comparison .-The large , elongated fenestrules 
and the large number of apertures bordering each 
fenestrule separate R. sp. B. from all other known 



speeies of RectifenesteIla. Shortage of weU pre
served speeimens prevents , however, erection of 
a new speeies. 

Measurements.-See Table 23. 

Material.-FES-I0-15.0m 
138.075, 138.080/1) 

(PMO A42085, 

Genus A LTERNIFENESTELLA Terrnier & 
Terrnier , 1971 
(=Mirandifenestella Terrnier & Terrnier, 1971) 

Type species.-Fenestella minor Nikiforova, 1933, 
from the Middle Carboniferous of the Donetz 
Basin , Russia. 

Alternifenestella bifida (Eichwald, 1860) 
Plate 12, Fig. H. 

1860 Fenestella bifida Eichwald, p. 354, pl. 23, 
fig. 6. 

1895 Fenestella bifida Eichwald; Stuekenberg, 
p. 144, pl. 21, fig. 7. 

1938 Fenestella bifida Eichwald; Nikiforova, p .  
78, pl .  14, figs. 6-9, text-fig. 40. 

1939 Fenestella bifida Eichwald; Shul'ga-Nes
terenko, p. 67, pl. 1 1 ,  figs. 6-7. 

1941 Fenestella bifida Eichwald; Shul'ga-Nes
terenko, p. 119, pl. 26, fig. 4, pl. 28, figs. 
3-4. 

1949 Fenestella bifida Eichwald; Shul'ga-Nes
terenko, pl. 4, fig. 11, pl. 7, fig. 6. 

1986 Alternifenestella bifida (Eichwald) ; Moro-
zova & Kruchinina, p. 83, pl. 30, fig. 4. 

Description .-Regular meshwork with 12.5-13 
branches per 1 0  mm across colony, and 9.5-10 
fenestrules per 10 mm along colony. Branches are 
0.25-0.38 mm wide, bearing a zig-zag row of 
monoserial nodes; 1.5-2 per 1 mm. The nodes 
are eireular, with diameter 0.11 mm in shallowest 
section, being more elongated (0.15 x 0.07 mm) 
in deeper tangen ti al section. Distance between 
node centres is 0.53-0.62 mm. Tubercles are 
developed on reverse side of branches, being 
0.035-0.055 mm in diameter; 7-8 per 1 mm. Dis
sepiments are 0.16-0.20 mm wide. Fenestrules 
are 0.82-0.89 mm long and 0.42-0.47 mm wide. 
Apertures are circular with diameter of 0.11-0.12 
mm. 3-4 apertures border each fenestrule, and 
the re are about 16  per 5 mm. Distance between 
aperture centres is about 0.30 mm along and 
0.27 mm across branches. Zooecial chambers are 

triangular to trapezoidal in median to deep tan
gential section. 

Comparison. -This spe eimen matches very 
closely with previously described speeies of A .  
bifida, although the number o f  apertures bor
dering each aperture is 3-4 instead of 3, and the 
spaeing of nodes is slightly greater. A .  bifida has 
some similarities with A. greenharbourensis (Niki
forova, 1936), but is distinguished in having a 
larger inter-aperture distance, as well as larger 
fenestrules. 

Measurements.-See Table 24. 

Material.-FES-I0-15 .0m (PMO 132.121) 

Stratigraphical distribution outside Spitsbergen.
Sakmarian - Artinskian of  the Urals and Timan 
(Shul'ga-Nesterenko 1941; Nikiforova 1938), 
Gerke Group (Ufimian) of Novaya Zemlya 
(Morozova & Kruchinina 1986). 

Alternifenestella cf. greenharbourensis 
(Nikiforova, 1936) 
Plate 13, Fig. A .  

cf. 1936 Fenestella greenharbourensis Niki-
forova, p. 1 18, pl. 1, figs. 4-6. 

cf. 1986 Alternifenestella greenharbourensis 
(Nikiforova) ; Morozova & Kruchinina, 
p. 85, pl. 31, fig. 2a-b . 

cf. 1992 Alterifenestella [sic] greenharbourensis 
(Nikiforova) ; Sakagami,  pl. 5, fig. 6. 

Description.-Meshwork with about 14-15 
branches across, and 10-11 fenestrules along co 1-
ony per 1 0  mm. Branches are 0.35 mm wide in 
median tangential section ,  narrowing to 0.29 mm 
on reverse side. The reverse side of the branches 
are weakly striated with abundant irregularly dis
tributed small tubercles (0.018-0.022 mm in dia
meter) . Dissepiments are 0.20-0.21 mm wide; 
0.16 mm on reverse side. Fenestrules are 0.73-
0.82 mm long and 0.38-0.45 mm wide. Zooecial 
chambers are triangular and trapezoidal in 
median to deep tangential section. There are 18-
19 chambers per 5 mm along branch; 4 per fene
strule. 

Remarks.-Insufficient material was obtained for 
description, and characters in shallow tangential 
section (nodes and apertures) could not be 
obtained. 

Measurements.-See Table 25. 
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Material.-AKS-A-l1.8m (PMO 132.063/1), 
FES-I0--15.0m (PMO 132.084, 1 32.121). 

Stratigraphical distribution outside Spitsbergen. 
A.  greenharbourensis is previously known from 
the Gerke Group (Ufimian) of Novaya Zemlya 
(Morozova & Kruchinina 1986). 

Alternifenestella cf. minuseula Morozova. 1986 
Plate 12, Fig. 1 .  

cf. 1986 A lternifenestella minuseula Morozova in 

Morozova & Kruchinina, pp. 83-84, pl. 
30, fig. 3. 

Description. -Alternifenestella with minute mesh
work with c\osely-spaced branches and relatively 
small fenestrules. There are 20-26 branches 
across and 16-17 fenestrules along colony per 10 
mm. Branches are 0.29-0.31 mm wide and about 
0.29 mm thick; nodes are not observed. Dis
sepiments are 0.13--0.18 mm wide. Fenestrules 
are 0.35-0.40 mm long and 0.20--0.24 mm wide. 
The fenestrules are irregular in outline in shallow 
tangential section due to projecting zooecial aper
tures . Zooecial apertures are circular with dia
meter of 0.09-0. \ O  mm. Two apertures border 
each fenestrule, and there are 16-18 per 5 mm 
along branch. Distance between aperture centres 
is about 0.25-0.30 mm both along and across 
branch. Zooecial chambers are irregular ovate 
and triangular in shallow to median tangential 
section, and trapezoidal in deep section. 

Remarks. -The identification is based on a small 
fragment. 

Comparison .-This speeimen is most similar to 
A. minuseula ; on ly the length of the fenestrules 
and consequently the dissepiment spacing differs 
slightly. It differs from A .  sp. A. in having dis
tinctly shorter fenestrules and an overall finer 
meshwork. 

Measurements.-See Table 26. 

Material.-AKS-A-l I.8m (PMO 132.118). 

Stratigraphical distribution outside Spitsbergen.
A. minuseula is described from the Ufimian Gerke 
Group of Novaya ZemJya (Morozova & Kru
chinina 1986) .  

32 

Alternifenestella subquadratopora (Shul'ga
Nesterenko, 1952) 
Plate 12, Fig. G. 

1952 Fenestella subquadratopora Shul'ga-Nes
terenko. p. 47-48, pl. 9. fig. 5 

1975a Fenestella subquadratopora Shul'ga-Nes
terenko; Goryunova. p. 84, pl. 19, fig. 3. 
pl. 20, fig. 1. 

Description .  -Alternifenestella with very regular 
meshwork. There are 18-19 branches across and 
18-19 fenestrules along colony per 10 mm. The 
branches are usually 0.31 mm wide; 0.45 mm 
prior to bifurcation and 0.24 immediately after 
bifurcation. Nodes are developed on branch 
carina, numbering 3.5-4 per l mm. The nodes 
are 0.09-0.11 mm long and 0.06-0.08 mm wide, 
with a distance of 0.25--0.29 mm from centre to 
centre. Nodes are also developed on reverse side 
of branches. usu all y at branch-dissepiment junc
tions, but also between such junctions. The 
reverse nodes are smalL 0.04-0.05 mm in 
diameter: 2.5-3 nodes per 1 mm. Dissepiments 
are about 0.11 mm wide. Fenestrules are about 
0.45 mm long and 0.27 mm wide. Apertures are 
slightly ovate in outline, measuring 0.13 x 0.12 
mm. Distance between aperture centres is 0.27-
0.29 mm along and 0.25-0.27 mm across branch. 
There are 18-19 apertures per 5 mm along 
branches. and 2-2.5 bordering each fenestrule. 
Autozooecial chambers are ovate or fabiform 
with a single hemiseptum in shallowest tangential 
section, and triangular to trapezoidal in deeper 
section. 

Comparison .-The current specimens match 
closely the morphometrics of previously described 
specimens of A .  subquadratopora: 
Spitsbergen specimens : 17-19/17-19/18-19/2-2.5 
Lower Permian. Urals 
( Shul'ga-Nesterenko 1952) : 18/16-17/17-18/2.5 
Artinskian, Pamir 
(Goryunova 1 975a) : 18/16-17/16-18/1.5-2 

Measurements.-See Table 27. 

Material.-FES-I 0-15.0m (PMO 132.121/2. 
138.083/1). 

Stratigraphical distribution outside Spitsbergen. 
Lower Permian of the Urals (Shul'ga-Nesterenko 
1952) and Artinskian of Pamir, Russia (Gor
yunova 1975a). 

Alternifenestella sp. A. 
Plate 13, Figs. B, C.  



Description. -Alternifenestella with relatively 
open meshwork with 8-9 branches and 5-6 fene
strules per l O  mm. Branches are 0.40-0.60 mm 
wide,  being narrowest c\ose to reverse side . The 
branches carry large, 0.22 mm long and 0.16 mm 
wide, carinal nodes, about 1-1.5 per 1 mm. Dis
tance between node centres is 0.65-0.78 mm. The 
reverse side of branches carry abundant small 
stylets, measuring 0.01 0-0.014 mm in diameter. 
Dissepiments are 0.22-0.38 mm wide.  Fenestrules 
are large , being 1.36-1.41 mm long and 0.611-
0.76 mm wide.  Apertures are distinctly ovate 
in outline, measuring 0. 1 6  x 0.14 mm. Distance 
between aperture centres is 0. 27-0.29 mm along 
and 0.30-0.34 mm across branch . There are 1 5-
1 7  apertures per 5 mm ; 5-6 bordering each fene
strule . Autozooecial chambers are irregularly 
ovate in shallow tangential section, and more 
triangular and trapezoidal i� median to deep 
section. 

Comparison .-This species is distinguished from 
most other species of Alternifenestella in the long 
fenestrules and the large number of apertures 
bordering each fenestrule. Other species with 
similar features and micrometric formulae 
inc\ude : 

A. invisitata Morozova, 1 986 ( Ufimian, Novaya 
Zemlya) :  6-7/4-6/13-15/6 

A. kuzminensis (Shul'ga-Nesterenko, 1952) 
(Sakmarian, Urals ) :  8/5/15/6 

A. multiporataeformis (Shul'ga-Nesterenko. 
1939) (Sakmarian. Urals) : 9-10/4-5/14-15/5-6 
Shortage of well preserved specimens prevents, 
however. erection of a new species. 

Measurements.-See Table 211.  

Material.-FES-I0-15 . 0m (PMO 1 32.121/1 .  
138.075, 138.076). 

Genus LYROPORA Hall, 1857 

Type species .-Fenestella [Lyropora] subquadrans 
Hall , 1857, from the Upper Mississippian 
(Chester) of Illinois. North America. 

Remarks.-Lyropora has a fenestrate zoarium 
characterized by strongly calcified margins and an 
arched Polypora-like meshwork between. The 
generic descriptions of Lyropora Hall , 1857, and 
Lyroporella Simpson , 1895, were based on the 
same type specimen,  and Lyroporella should be 
recognized as junior synonym of Lyropora (F.  K .  
McKinney, pers. comm. 1992). 

Lyropora serissima sp. nov. 
Plate 13, Figs. D-H; Plate 14, Figs. A-D . 

Diagnosis.-Arched. longitudinally ridged zoar
ium : minute , c\osely-spaced branches with rela
tively large monoserial carinal nodes and two 
rows of small apertures with peristomal stylets: 
small fenestrules;  pentagonal autozooecial 
chambers in median tangential section . 

Description .-Meshwork with 23-29 branches per 
10  mm across colony. and 2(}-25 fenestrules per 
10 mm along colony. Branches usually 0.22-0.29 
mm wide ; 0.31-0.42 immediately prior to bif
urcation and 0.16-0.20 mm after bifurcation. Col
ony and branch thickness varies. but one 
specimen has a maximum thickness of about 2.2 
mm. Bulb-shaped monoserial nodes are arranged 
on weakly developed carina; largest (maximum 
0.23 x 0.13 mm) in shal lowest section , normally 
0.11 x 0.09 mm; distance between node cent res is 
0.19-0.26 mm, and there are 4-5 nodes per l 
mm along carina. Reverse sides of branches are 
packed with small tuberc\es; about 0.01 5-0.020 
mm in diameter. Dissepiments are 0.15-0.30 mm 
wide. Both branches and dissepiments are wider 
on obverse than on reverse side of colon)'. Fene
strules are 0.18-0.33 mm long and 0.14-0.18 mm 
wide:  intracolonial variation is small whereas 
intercolonial variation is relatively large. Fene
strules are commonly c\osed off by secondary 
calcification producing a massive appearance . 
Apertures are circular in outline,  0. 09-0.11 mm 
in diameter; 23-30 per 5 mm in two rows along 
branch. There are 2.5-3 apertures bordering each 
fenestrule .  8 stylets are bordering each aperture , 
observed only in shallowest tangential section (Pl. 
13, Fig. F) . Distance between apertural centres 
along branch is about 0. 18 mm; across branch 0.21 
mm. Autozooecial chambers have a pentagonal 
outline in median tangential section. Chamber 
reverse wall budding angle 66-75° in longitudinal 
section. 

Remarks.-The current species is placed in Lyr
opora because of the many common features. e .g .  
arched. probably lyre-shaped zoarium, auto
zooecia opening on convex side of zoarium, lami
nated skeletal layers blocking off fenestrules, and 
broad robust dissepiments and branches. All the 
colonies are embedded in limestone matrix, but 
a lyre-shaped growth is like ly (Pl .  1 4, Fig . A ) .  
Autozooecial apertures open o n  the outer convex 
surface of colony and this is in agreement with 
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species of Lyropora described by McKinney 
(1978). The robust skeietal composition of the 
present species of Lyropora reftects its autecology 
as it lived in a shallow water environment with 
strong wave action. 

Comparison.-Skeletal dimensions in Lyropora 
serissima sp. nov. is similar to species of Lyropora 
described from the Chester Series (Lower Car
boniferous) of North America (McFarlan 1942; 
McKinney 1978). Although variation is great, the 
measured zoarial characters in the Spitsbergen 
species are, however, more minute. Zooecial base 
in tangential section is also slightly different being 
more pentagonal in Lyropora serissima sp. nov. 
Colony robustness and geometry of zooecial bases 
in Lyropora serissima sp. nov. and species of 
Rectifenestella in the present study are super
ficially similar, but t-tests revealed significant dif
ferences (p<0.0005 for branch and dissepiment 
spacings). Lyropora serissima sp. nov. is also 
significantly different from R. retiformis and R. 
microporata in zooecial apertures per 5 mm, but 
there is no statistical difference between Lyropora 
serissima sp. nov. and Rectifenestella sp. A. using 
this character. 

Types.-Holotype KWÆ-1 -1.55m (PMO 
A42152/1-3), acetate peels and rock specimen. 
Paratype KWÆ-1-O. 15m (PMO A42274) , petro
graphic thin section. 

Type locality.-Kapp Wijk, Spitsbergen Sval
bard. 

Type horizon.-Kapp Starostin Formation, 1.55 
metres above the base of the Vøringen Member. 

Etymology.-From serus (Latin), meaning late, 
happening late. referring to the young age of the 
new species. 

Measurements.-See Table 29. 

Material.-KWÆ-I -0. 15m (PM O 
A42274), KWÆ-l-1.55m (PMO 
KWÆ-1-1.8m (PMO A42150) . 

A42158, 
A42152), 

Genus PENNIRETEPORA d'Orbigny, 1849 

Type species.-Retepora pluma Phillips, 1836, 
from the Lower Carboniferous of Yorkshire , Eng
land. 
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Penniretepora sp. A. 
(not illustrated) 

Remarks.-Small fragments of Penniretepora 
were identified in a single sample. The main 
branch is 0.38-0.46 mm wide, with side (secon
dary) branches 0.24--0.27 mm wide. Distance 
between centres of side branches is 0.91-0.93 mm. 
Apertural outlines were not observed due to the 
rather deep tangential section; zooecial bases are 
pentagonal to triangular in median section. There 
are 17-18 apertures per 5 mm along branches, 
with 2-3 between each side branch. Nodes are 
questionably present, 0.05-0.06 mm in diameter 
being 0.30 mm apart measured from node centre 
to centre (3.5 per l mm). 

Comparison.-No previously described species of 
Penniretepora matches the Spitsbergen 
specimens. The current species has, however, 
features in common with P. trapezoidea (Trizna) 
described from the Sakmarian-Artinskian of the 
Urals (Trizna 1939) which has 10 side branches 
per 10 mm and 16--17 apertures per 5 mm. Both 
main and side branches are narrower. Insufficient 
material prevents erection of a new species. 

Measurements.-Measurements and summary 
statistics are not presented due to too few obser
vations. 

Material.-AKS-A-l1.8m (PMO 132. 118/2. 
132.1 19) 

Penniretepora sp. B. 
Plate 15, Fig. A 

Remarks.-A small fragment of Penniretepora 
with a main branch about 0.51 mm wide in median 
tangential section. Side branches are 0.29-0.30 
mm wide. Distance between side branches, 
measured from centre to centre is 1. 04--1.13 mm. 
There are about 9 side branches per 10 mm. 
Autozooecial chambers are ovate to triangular 
in median section, and trapezoidal in deepest 
tangen ti al section. There are 12.5-13 auto
zooecial chambers per 5 mm on main branch, and 
14.5 on side branches. 2.5-3 chambers are present 
on main branch between each side branch. Aper
tures and possible nodes were not observed due 
to section orientation. 

Comparison.-Several previously described 
species of Penniretepora have a similar spacing of 
side branches and zooecial apertures. The dosest 
species is P. praetenuis (Trizna) described from 
the Sakmarian of the Urals (Trizna 1 950), but 
insufficient material from Spitsbergen prevents 
assignment to a species. 



Measurements.-Measurements and summary 
statistics are not presented due to too few obs er
vations. 

Material.-FES-I0-15 .0m (PMO 132.077) . 

Family POL YPORIDAE Vine, 1884 

Genus POLYPORELLA Simpson , 1895 

Type species.-Fenestella fistulata Hall , 1885 , 
from the Middle Devonian (Hamilton Group) , 
North America. 

Polyporella biarmica (Keyserling, 1846) 
Plate 15 ,  Figs. B ,  D .  

1846 Polypora biarmica Keyserling, p. 1 9 1 ,  pl. 
3, fig. 10 

1895 Polypora biarmica Keyserling; Stuck
enberg, p. 158, pl . 23, figs. la-b 

1938 Polypora biarmica Keyserling; 
Nikiforova, p. 240, pl. 23 , figs. 1-7 

1939 Polypora biarmica Keyserling; Shul'ga
Nesterenko, p .  72-73 , fig. 30 

1948 Polypora biarmica Keyserling; Trizna, p.  
164 ,  pl. 15,  figs. 1-4 

Description.-Meshwork with 8 .5  to 10 branches 
per 10 mm across colony and 7-8 fenestrules per 
10 mm along colony. Branches 0.55-0.60 mm 
wide, with 3 rows of apertures. Prior to bifur
cation, branches with 4 rows of apertures are 
0.64--0.73 mm wide , whereas immediately after 
bifurcation branches with 2 rows of apertures are 
0.41 mm wide . Small nodes, 0 .06-0.07 mm in 
diameter, are developed on carinal ridge between 
rows of apertures. D istance between nodes is 
about 0 .3 1  mm; usually 3-3.5 per 1 mm along 
branch. Dissepiments are 0.27 to 0.39 mm wide. 
Fenestrules are 1 .00-l . 14 mm long, 0 .32 to 0 .55 
mm wide. Apertures are ovate in outline (0. 13-
0 . 15  x 0 .09-0. 1 1  mm) ; about 16-17 per 5 mm. 
Distance between apertural cent res is 0.23--0.25 
mm along branch, and 0.25-0.27 across branch. In 
median tangential section , autozooecial chambers 
in middle row have an hexagonal outline whereas 
those in marginal rows have a pentagon al outline. 

Remarks.-The area where the specimen was 
measured is dose to the proximal part of the 
colony and branches diverge and bifurcate fre
quently. 

Comparison.-P. biarmica is distinguished from 
P. borealis (Stuekenberg, 1895) in having larger 

fenestrules and consequently more widely spaced 
branches and dissepiments, and from P. mic
ropora (Stuckenberg, 1895) in having larger nodes 
(0 .06-0.07 mm versus 0 .02-0. 03 mm) and more 
elongated fenestrules. 

Measurements.-See Table 30. 

Material.-AKS-A-4.5m (PMO 132.097) . 

Stratigraphical distribution outside Spitsbergen. 
P. biarmica is recorded from the Artinskian of 
Timan (Nikiforova 1938) and the Artinskian 
Reefs of the Urals (Trizna 1948) .  

Polyporella borealis (Stuekenberg, 1 895) 
Plate 14, Figs. E-H .  

1895 Polypora borealis Stuekenberg, p. 162 , pl. 
23, fig. 5. 

1 938 Polypora borealis Stuekenberg; 
Nikiforova, p. 112 ,  pl. 19, figs. 4,  5, pl. 
20, figs. 1-2. 

1986 Polyporella borealis (Stuckenberg) ; 
Morozova & Kruchinina, p. 99, pl .  35. 
figs. 5a-b. 

Description.-Zoarium is funnel-shaped, com
monly low and wide with a robust appearance . 
Meshwork with 1 0-16 branches per 10 mm across 
colony and 1 0-12 fenestrules per 10 mm along 
colony. Large variation in branch spaeing across 
colony is due to some measurements being made 
dose to colony origin.  Width of branches with 3 
rows of apertures is 0 .46-0.65 mm, branches with 
4 rows 0 .68-0.80 mm wide , and branches with 2 
rows 0.31-0.36 mm wide. Branches commonly 
undulating, connected by very short dissepiments. 
Branch thickness at least 0 .82 mm measured away 
from nodes. Nodes are usually evenly distributed 
along carina between apertural rows, but ran
domly placed nodes are also common. Nodes are 
bulb-shaped, with greatest diameter in shallowest 
tangential section (0.22 x 0 . 13 mm) ; more normal 
size is 0 . 12  x 0 .09 mm. Distance between node 
centres is about 0 .33 mm and there are usually 3-
4 nodes per l mm. Nodes are also present on 
branch reverse side. Dissepiments are 0.23--0.50 
mm wide. Branches and dissepiments narrow 
towards reverse side of colony. There are nor
mally 3 rows of zooecia on branches; 4 prior to 
and 2 after bifurcation. Fenestrules are 0 .35--0.77 
mm long and 0 .22-0.56 mm wide. Zooecial aper
tures ovate; usually 0.18 x 0. 13 mm; 1 6-20 per 5 
mm. Distance between apertural centres is about 
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0.27 mm along branch . and 0.24 across branch. 

Zooecial apertures border and commonly open 
inwards into fenestrules and thus produce a rather 
irregular outline to the fenestrules. Autozooecial 
chambers are rectangular to hexagonal in middle 

row( s ) ;  pentagonal or more irregular in  marginal 
rows. Chamber reverse wall budding angle 59-
67° in longitudinal section .  

Comparisoll.-P. borealis is distinguished from 
P. uisenda Goryunova, 1 975b in having larger and 

more widely spaced fenestrules. from P. orientalis 
( Eichwald, l R60) in having larger and more widely 
spaced zooecial apertures and closely-spaced 

branches, and from P. suberotilla ( Trizna .  1950) 
in  having larger and more widely-spaced carinal 
nodes. P. lyndoni ( Ross. 1963) from the Lower 
Permian of Australia has features in common with 
P. borealis but it ha, generally larger fenestrules 

and more widely spaced apertures .  

Measurements. -See Table .l I .  

Material. -AKS-A-5 . 0m ( PMO 132. 1(4 ) ,  AKS
A-6.0m ( PMO 132.(74), AKS-A-7 .0m ( PMO 

l l R.(6 1 ). A KS-A-R .Um ( PM O  ! lR.(77), AKS
A-9.5m ( PMO I I R . (66) .  FES- I O-4.0m ( PMO 

A4209 1 .  I 1 R . ORR ) .  

Stratigraphica! distribUlion oUlside Spitsbergen. 
P. borealis i s  recorded from the Artinskian ( Kom

ichan) of Timan (Ni  kiforova 1 938) . the Artinskian 
of the Urals and the Artinskian "Unnamed For
mation" of El lesmere Island ( Morozova & Kru
chinina 1 9R6). 

Genus POL YPORA M'Coy, 1844 

Type species. -Polypora dendroides M 'Coy, 
1844 , from the Lower Carboniferous of Ireland . 

Polypora breuicellata B aranova, 1 960 
Plate 1 5 ,  Figs. C ,  E .  

1 960b Polypora breuicellata Baranova, p .  264, 
pl . 66, fig. 1 .  

1 975b Polypora brevicellata B aranova ; Gor

yunova, p. 9 1 .  pl. 23, fig . l .  
1 9R6 Polypora breuicellata Baranova; Moro

zova & Kruchinina,  p. 1 04 ,  pl . 38, figs . 

3a-d. 

1992 Polypora brevicellata B aranova ; Saka

gami,  pl . 6, fig. 4. 

Description . -Polypora with large , elongated 
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fenestrules and slender branches producing a rela
tively open meshwork . There are 4 .5-6 branches 
per 10 mm across colony and most commonly 3-
5 fenestrules per \O mm along colony.  Branches 

bearing 4 rows of apertures are O.  n-O . R7 mm 

wide . and branches with 5-6 rows are O.9R- l .23 
mm wide. M aximum hranch thickness is  about 

I . U- l . 2  mm.  Branch surfaces are pierced by 

numerous small styleb. Dissepiments are com
monly 0. 45-() . 70 mm wic\e . Fenestrule dimen
sions, especially fenestrule length show large 

intercolonial variation,  whereas intracolonial 

variation is  significantly smaller. Fenestrules are 
about 1 . 40-3 . 1 0  mm long and 1 .00- 1 .20 wide . 
Apertures are distinctly ovate ,  measuring U. 1 7  x 
0 . 1 3  mm. There are 4--6 rows of apertures on each 
branch , and 5-6 per fenestrule . Distance between 
apertural centres is (U5-0.45 along and 0.24--0 .30 
diagonally across hranch. Autozooecial chamher� 
are rhomboid or less commonly hexagonal in 

median tangential section .  Nodes are not 
ohserved on branch surfaces .  Chamber reverse 

wall buc\c\ing angle shows l ittle variation (68-72° ) 
in longitudinal section. 

Comparison . -Zoarial dimensions in  P. bre
uicellata are similar to severai other Permian 
species of Po!ypora ( see tabulated formulae 

helow) with at least 40 match ing micrometric 

formulae . The Spitsbergen specimens are . 

however. distinguished from the other carly Per
mian species such as P. sl/laensis Nikiforova . 
1 93R, in the absenee of large tubercles on branch 
surfaces . and from P. meduedkensis Shul'ga-Nes
terenko.  1 949, which has smaller apertures (0.09 
mm diameter) .  P. extenta has more closely-spa
ced apertures. 
Micrometric formulae as described for species 
resembling the Spitsbergen materia l :  

P.  breuicellata Baranova , 1 960b: 5-7/3-4/13-
1 6/5-7 ( R-9 , 4--5 )  

P .  breuicellata Baranova, 1960b, in Morozova 

& Kruchin ina ( 1986): 5-6/4/ 12-14/6 (7-8) 
P. extenta Trizna,  1 939: 4--5/3-4/1 2- 1 4/5-7 
P. extenta Trizn a ,  1 939, in Morozova & Kru

chinina ( 1 986): 4/3-4/1 5/4--6 (8-9) 
P. meduedkensis Shul'ga-Nesterenko.  1 949 : 5-

7/3-4/1 3- 1 4/4--6 
P. sulaensis N i kiforova. 1 93R: 4--5/3-4/1 3- 1 3/6 

Measurements.-See Table 32. 

Material. -A KS-A- l  U (PMO l iR. 106/1-6), 
FES- I 0-1 5 .0m ( PMO A4208R, 138.D7R, 138.079, 
138.083/1-3). 



Stratigraphical distribution outside Spitsbergen.
Sakmarian of the northern Urals (Baranova 
1960b), Artinskian of Timan and the 
Malozemel'sk Tundra (Morozova & Kruchinina 
1 986). 

Polypora martis Fiseher de Waldheim, 1837 
Plate 15, Figs. F-I; Plate 16, Figs. A, B. 

1837 Polypora martis Fiseher de Waldheim, p. 
165, pl. 39, fig. 2. 

1876 Polypora martis Fischer de Waldheim; 
Trautsehold, p. 9L pl. 11. fig. 2. 

1888 Polypora martis Fischer de Waldheim; 
Stuckenberg, p. 34, pl. 3, figs. 56-58, pl. 
4, fig. 30. 

1895 Polypora martis Fischer de Waldheim; 
Stuekenberg, p. 160. 

1915 Polypora martis Fischer de Waldheim; 
Bolkhovitinova, p. 7 1 ,  pl. 6, fig. 6. 

1938 Polypora martis Fiseher de Waldheim; 
Nikiforova, p. 241. pl. 25, figs. 1-9, pl. 
26, figs. 1-7. 

1951 Polyporq martis Fischer de Waldheim; 
Shul'ga-;Nesterenko, p. 134, pl. l ,  fig. 8, 
pl. 30, flgs. 3-4, text-fig. 53. 

1955 Polypora martis Fiseher de Waldheim; 
Morozova, p. 32. 

196 1  Polypora martis Fiseher de Waldheim; 
Trizna, p. 82-85, text-figs. 31a-b. 

1962 Polypora sp. cf. martis Fischer de 
Waldheim: Ross & Ross, p. 51. pl. 1 4. 
figs. l ,  5. 

1975 Polypora martis Fischer de Waldheim: 
Goryunova & Kruehinina, p. 150, pl. 59, 
fig. 9. 

Description.-Meshwork moderate ly compact 
with broad , thiek branches and relative ly small 
fenestrules. There are 7-10 branehes per 10 mm 
aeross and 5-8 fenestrules per 10 mm along 
colony. The branches with 5-6 rows of apertures 
are 0.82-l.1O mm wide (with 3-4 rows; 0.55-0.73 
mm wide) on obverse side, whereas they narrow 
progressively to 0.36-0.55 on reverse side. Branch 
thickness is maximum 1 .14 mm measured in longi
tudinal seetion. Tubercles with star-like internal 
structure (Pl. 15, Fig. F), about 0.09 mm in dia
meter are irregularly distributed on the obverse 
side of branehes. lnterapertural areas are pierced 
with numerous stylets. The branehes are strongly 
striated near reverse surface. Dissepiments are 
about 0.54 mm wide, being wider on obverse 

than on reverse colony surface . Fenestrules are 
relatively small and indented by apertures on 
obverse side of eolony, eommonly 0.55-0.80 x 

0.36-0.46 mm, whereas the y are signifieantly 
Jarger on reverse side (l.00-1.14 x 0.82-1.00 
mm). Apertures are eircular to slightly ovate, 
eommonly 0.1 3-0.15 mm in diameter. Distance 
between apertural centres is 0.22-0.29 mm along 
and 0.21-0.26 across braneh, with 17-20 apertures 
per 5 mm along braneh. Apertures project into 
fenestrule openings. There are eommonly 4-6 
rows of apertures on the branches; 6 prior to 
bifurcation and 3 immediately after bifurcation. 
Autozooecial ehambers are regularly hexagonal
shaped in mid-tangential section. Between nor
mal ehambers, there are oecasionally irregularly 
shaped and larger chambers (Pl. 16. Fig. A). 
The latter ehambers are considered to represent 
ovicells. as they resemble the features described 
as ovicells in Reteporidra (Morozova 1970a : p. 
231) and Kingopora (Morozova & Kruchinina 
1 986: p. 1 1 5). Chamber reverse wall budding 
angle shows great variation (39-8(f) in longi
tudinal seetion, possibly due to variation in sec
ti on orientation. 

Comparison.-P. martis belongs to a gro up of 
eo-oecurring Early Permian species of Polypora 
but is characterized by the presence of the many 
large tubercles on its branch surface. The Spits
bergen specimens have, however , slightly more 
closely spaeed apertures as compared with other 
reeords (17-20 versus 15-16). Morphometrically 
similar reeords of this and other species from 
the Carboniferous and Lower Permian and their 
micrometrie formula include: 

P. martis Fiseher de Waldheim, 1837 in Niki
forova 1938: 8-10/6-8/1 5-17/3-4 

P. martis Fischer de Waldheim, 1837 in Trizna 
1 948: 8-10/7-8/15-16/3-4(5-2) 

P. martis Fischer de Waldheim, 1837 in 
Shul'ga-Nesterenko 1949 and 1951: 9-10/6-8/15-
16/4 

P. martis Fischer de Waldheim, 1 837 in Trizna 
1961 : 8-10/6-10/14-16/3-5 

P. cf. martis Fischer de Waldheim, 1837 in Ross 
& Ross 1962: 8/6-7.5/17-18/4-6 

P. nadinae Shul'ga-Nesterenko, 1952: 7-11/6/ 
14-17/4(2-6) 

P. prodigosa Trizna, 1948: 8-12/6/1 6-18/4(2-5) 

Measurements.-See Table 33. 

Material.-AKS-A-7.0m (PMO 1I8.055, 
11 8.056), FES- I0-4.0m (PMO 118.(87). 
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Stratigraphical distribution outside Spitsbergen.
Early Permian of Timan (Nikiforova 1938), Late 
Carboniferous of eastern North Greenland (Mal
lemuk Mountain Group) (Ross & Ross 1962), 
Artinskian and Carboniferous of the Urals 
(Trizna 1948; Shul'ga-Nesterenko 1951). 

Genus PROTORETEPORA de Koninck, 1876. 

Type species.-Fenestella ampla Lonsdale, 1844, 
from the Carboniferous of N.S.W., Australia. 

Protoretepora sp. A. 
Plate 16, Figs. C-Ho 

Description. -Robust meshwork made up of wide 
branches with large nodes, short dissepiments and 
relatively small, narrow fenestrules. There are 7-
8 branches per 10 mm across colony, and 4-5.5 
fenestrules along colony per 10 mm. Branch width 
averages 1.13 mm; maximum 1.60 mm prior to 
bifurcation and 0.80 mm after bifurcation. Nodes, 
0.09-0.14 mm in diameter, are randomly dis
tributed on branches between apertures. 
Numerous stylets pierce zooecial walls producing 
a spotted surface. Dissepiments are very short 
and 0.70-0.90 mm wide. Fenestrules are 0.91-
1.30 mm long and 0.32-0.59 mm wide, commonly 
indented by apertures opening into fenestrule. 
Apertures are relative ly large, circular, 0.16-0.18 
mm in diameter. Distance between centres of 
apertures is 0.27-0.40 mm along branch, and 
0.18-0.24 across branch. There are about 16-17 
apertures per 5 mm along branch. 6-7 rows of 
apertures are commonly developed, increasing 
to 9 prior to bifurcation, and decreasing to 4 
immediately after bifurcation. Autozooecial 
chambers are irregularly pentagon al to hexagonal 
in median tangential section. 

Remarks.-Only a tangen ti al section was 
prepared. and reverse wall budding angle could 
not be measured. This specimen probably rep
resents a new species which cannot be described 
until more material is at hand. 

Comparison.-The current species, with mic
rometric form ula 7-8/4-5.5/15.5-1 7.5/4-9, 
resembles some Early Permian taxa from Aus
tralia and Timan: 

P. ampla (Lonsdale, 1844): 4-6/6-9/12-15/4-8 
P. flexuosa Crockford, 1957: 6-7/4-5/12-15/5 
P. komichensis (Kruchinina, 1973): 8.5-9/7/15-

16/4-8. 
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Measurements.-See Table 34. 

Material.-KWÆ-I-0.15m (PM O A42273). 
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Tables 1 - 1 6  

Table 1 .  Summary statisties for Cyclotrypa distincta Morozova. ( 7  speeimens) 

AVG STDS CV MIN MAX n 
BO 1 3.41 7 1 0.672 79.54 7.30 35.00 6 

DIAfl 3.572 1 .448 40.53 1 .60 6 . 80 32 

AL 0.261 0.046 1 7 .48 0.20 0.35 33 

AW 0.238 0.036 1 5. 1 1 0 . 1 8  0.30 33 

AAS 0 . 1 40 0.043 30. 85 0.05 0.24 47 

AAR 0.349 0.057 1 6. 1 7  0.22 0.46 47 

AAR/2 5 . 1 80 0.648 1 2 .52 3 . 70 7 . 50 45 

VES/1 9.089 1 .588 1 7 .47 5.90 1 1 .50 44 

Table 2 .  Summary statisties for Cyclotrypa eximia Morozova. (9 speeimens) 

AVG STDS CV MIN MAX n 
BO -- -- -- -- -- --

DlA/1 2 .680 1 . 1 80 44.02 1 .20 5. 1 0  46 

AL 0 .3 1 6  0.063 20.00 0. 1 9  0.41  70 

AW 0. 274 0.043 1 5 .59 0. 1 9  0.33 70 

AAS 0 . 1 1 2  0.034 30.54 0.04 0.20 73 

AAR 0.379 0.072 1 8.94 0.24 0.49 74 

AAR/2 5 . 1 05 0.901 1 7. 65 3 . 70 7 .50 58 

VES/l 7 .298 1 .771 24.27 4.40 1 2.00 5 1  

Table 3 .  Summary statisties for Meekopora magnusi s p .  nov. (4 speeimens) 

AVG STDS CV MIN MAX n 
ST 1 0. 1 83 2 .903 28.50 7.20 1 5.00 6 

AL 0.299 0.035 1 1 . 67 0.25 0.38 22 

AW 0.290 0.053 1 8.29 0.24 0.40 22 

AAL 0.4 1 7  0.049 1 1 . 87 0.32 0 . 50 1 6  

AAL/2 4 . 550 0.331 7.28 3 . 90 5.00 1 8  

AAC/2 5 . 228 0.7 1 7  1 3; 7 1  4.00 6 . 60 1 8  

LUN L 0.093 0.027 29. 1 4  0.06 0. 1 5  1 0  

LUNW 0 . 1 66 0.0 1 3  7.62 0. 1 5  0 . 1 8  1 0  

EXWA 0. 1 68 0.057 33.83 0.08 0.3 1 45 

ENWA -- -- -- -- -- --
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Table 4. Summary statisties for Tabulipora siedleckii Malecki. (20 speeimens) 

AVG STDS CV MIN MAX n 

BO 9 . 2 90 3.005 32.34 5.20 1 7 .30 20 

EW 2.294 1 . 1 28 49. 1 6  1 . 1 0  5 . 00 22 

DIA/1 2.444 0.701 28.69 1 .00 3 . 80 34 

Al 0.244 0.030 1 2 . 1 9  0 . 1 7  0.33 83 

AW 0. 1 95 0.024 1 2 .52 0. 1 5  0 . 2 9  8 3  

AAR 0.280 0.028 1 0.09 0.22 0.33 60 

AAl/2 5 . 838 0.752 1 2 .89 4.40 8.00 74 

AAC/2 6 . 2 7 2  0.873 1 3 .92 4.40 8.20 78 

EXll 0.091 0.026 28.99 0.04 0. 1 5  66 

EXIl/A 1 .528 1 .502 98.32 0.00 5.00 36 

MACA 0. 1 32 0.024 1 8. 32 0.08 0. 1 8  1 01 

MICA 0.022 0.005 24.34 0.02 0.04 20 

MACA/A 3 .235 1 .232 38.09 0.00 6.00 34 

MICA/A 1 8. 1 67 5 .060 27.85 1 0.00 30.00 1 2  

EXWA 0.093 0.022 24.06 0.05 0. 1 5  33 

ENWA 0.01 8 0.Q1 5 83. 1 4  0.01  0.06 20 

Table 5. Summary statisties for Tabulipora sp. A .  ( 5  speeimens) 

AVG STDS CV MIN MAX n 

BO 24. 1 25 1 2 .029 49.86 1 3 .00 45.00 8 

EW 2 . 940 1 . 539 52.34 1 .00 5 . 00 5 

DIAI1 2 .400 0.8 1 5  33.97 1 .30 3 . 70 1 4  

Al 0.263 0.01 8 6.85 0.24 0.32 40 

AW 0 . 2 2 1  0.029 1 3 .22 0. 1 8  0.29 4 1  

AAR 0.309 0.034 1 1 .06 0.26 0.40 1 9  

AAR/2 6.350 0. 686 1 0 . 8 1  5.00 7 . 80 40 

EXll 0.092 0.024 26. 1 6  0.05 0. 1 4  30 

EXIl/A 0.900 0. 994 1 1 0.49 0.00 3 . 00 1 0  

MACA 0. 1 33 0.025 1 8.59 0. 1 0  0.20 38 

MICA 0.01 7 0.005 28.01 0.01  0.02 4 

MACA/A 2.467 1 .060 42.98 0.00 4.00 1 5  

MICA/A 1 9.000 4. 243 22.33 1 6.00 2 2 . 00 2 

EXWA 0.058 0.Q 1 9  32. 1 3  0.04 0. 1 1  1 2  

ENWA 0.01 1 0.003 30.60 0.Q1  0.02 1 0  
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Table 6. Summary statisties for Rhombotrypella alfredensis Morozova. (9 speeimens) 

AVG STDS CV MIN MAX n 

BO 5,. 1 57 1 .326 25.7 1  3 . 60 7 . 50 1 4  

EW 0.765 0.455 59.50 0.30 1 .80 1 7  

DIA/1 2 .000 0.000 0.00 2.00 2 .00 2 

AL 0.2 1 6  0.030 1 3 .78 0. 1 6  0.27 59 

AW 0. 1 61 0.035 2 1 .99 0. 1 0  0.23 59 

AAR 0. 274 0.030 1 0.80 0.22 0.33 32 

AAL/2 5. 767 0.552 9.57 5.00 6.60 2 1  

AAC/2 6.529 0.831 1 2 .72 5.00 8 . 20 2 1  

EXLL 0.064 0.022 33.75 0.03 0. 1 1  24 

EXLW 0.060 0.022 37 . 4 1  0.03 0. 1 1  24 

SO/1 4 .800 0.799 1 6.65 3.80 6.20 1 4  

MACA 0. 1 34 0.029 2 1 .69 0.09 0. 1 9  40 

MICA 0.024 0.006 23.96 0.02 0.04 1 1  

MACA/A 3 . 1 33 0.834 26. 6 1  1 .00 4.00 1 5  

MICA/A 1 6.400 3 . 507 2 1 .38 1 2 .00 20.00 5 

EXWA 0. 1 2 1 0.046 38.24 0.08 0.27 2 1  

ENWA 0.0 1 0  0.00 1  1 2 . 77 0.01 0.01  9 

Table 7 .  Summary statisties for Rhombotrypella arbuscula (Eichwald ) .  (7 speeimens) 

AVG STDS CV MIN MAX n 

BO 2 . 378 0.645 27. 1 1  1 .60 3 . 70 30 

EW 0.355 0. 1 29 36.39 0 . 2 1  0 . 5 1  1 5  

DIA/l -- -- -- -- -- --

AL 0.2 1 5  0.048 22.57 0. 1 8  0.25 22 

AW 0 . 1 30 0.032 24.77 0. 1 0  0. 1 8  22 

AAR 0.269 0.073 27.01 0.23 0.31  1 4  

AAL/2 5 .333 1 .364 25.57 4.40 6.30 1 8  

AAC/2 7 . 5 3 1  2.068 27.46 6.00 1 0.00 1 6  

EXLL 0.066 0.025 37.62 0.04 0.09 1 2  

EXLW 0.060 0.021 35.56 0.04 0.09 1 2  

SO/1 6.326 1 .458 23.05 5.00 7.20 23 

MACA 0 . 1 0 1  0.023 22.70 0.07 0. 1 3  33 

MICA 0.030 0.0 1 4  47.37 0.02 0.05 1 4  

MACA/A 3 . 600 1 . 1 9 1 33.08 3 .00 4.00 1 0  

MICA/A 1 8. 1 67 8 .080 44.48 1 2 .00 25.00 6 

EXWA 0.094 0.033 34. 8 1  0.07 0. 1 1  9 

ENWA 0.01 5 0.007 44. 8 1  0.02 0.02 4 
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Table 8. Summary statisties for Stenopora thula Ross & Ross. (3 speeimens) 

AVG STDS CV MIN MAX n 

BO 4.686 0.536 1 1 .45 4.00 6.30 1 6  

EW 1 .009 0. 1 32 1 3 .04 0.70 1 .20 1 3  

AL 0.238 0.021 8.66 0.20 0.27 25 

AW 0. 1 88 0.01 8 9. 77 0. 1 5  0.22 25 

AAR 0 . 32 1 0.046 1 4.37 0.27 ·0.40 1 3  

AAR/2 5.483 0.589 1 0. 74 4 . 60 6 . 90 30 

EXIL 0.082 0.029 34.98 0.05 0. 1 5  3 5  

EXIL/A 3 . 480 2.044 58.73 0.00 8.00 25 

MACA 0.065 0.020 29.83 0.04 0 . 1 1 4 1  

MACA/A 6.545 2.207 33.72 3 . 00 1 0.00 1 1  

EXWA 0. 1 00 0.031 30.77 0.06 0. 1 6  1 9  

ENWA 0.01 7 0.002 8.95 0.02 0.02 1 1  

Table 9 .  Summary statisties for DyseritelIa bogatensis Morozova. (2 specimens) 

AVG STDS CV MIN MAX n 

BO 1 0.475 0.4 1 1 3 . 93 1 0.00 1 1 .00 4 

EW 2 . 5 50 0.857 33.60 1 .30 3 . 30 7 

AL 0.241 0.038 1 5.65 0. 1 7  0.29 1 8  

AW 0. 1 92 0.03 1 1 6 . 3 1  0 . 1 5 0 . 24 1 8  

AAR 0.269 0.063 23.45 0. 1 8  0.35 1 8  

AAL/2 6.027 0.723 1 1 . 99 5.20 7 . 80 22 

AAC/2 6.959 1 .666 23.94 5 .20 9 . 40 22 

EXIL 0 . 1 00 0.032 3 1 .58 0.06 0. 1 5  1 1  

EXIL/A 1 . 5 7 1  1 .5 1 2  96.21 0.00 4.00 7 

MACA 0. 1 20 0.033 27. 1 5  0.09 0. 1 8  1 4  

MACA/A 2 . 1 1 1  1 .453 68.82 0.00 4.00 9 

EXWA 0.063 0.0 1 4  22.48 0.05 0. 1 0  1 4  

ENWA 0.01 2 0.001 1 0.62 0.01 0.01  1 4  
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Table 1 0. Summary statisties for DyseritelIa minuta Morozova. ( 1 5  speeimens) 

AVG STDS CV MIN MAX n 

BO 1 .841 0.294 1 5 .96 1 .30 2 . 3 2  3 3  

EW 0.458 0. 1 55 33.79 0.23 0.72 24 

AL 0 . 209 0.0 1 4  6.49 0. 1 8  0.24 4 1  

AW 0 . 1 3 1  0.027 20.87 0.09 0 . 1 8  4 1  

AAR 0 . 1 8 1  0.01 8 9 . 9 1  0. 1 4  0.20 24 

AAL/2 7 . 1 1 6  0.828 1 1 .64 5 . 70 8.60 25 

AAC/2 9 . 992 1 .436 1 4.38 6.60 1 2 .00 25 

EXIL 0.043 0.01 2 27.99 0.03 0.08 27 

EXIL/A 2 .889 3.621  1 25 .. 34 0.00 1 0.00 9 

MACA 0 .057 0.02 1 36.48 0.03 0 . 1 1 44 

MACA/A 4 . 800 1 .056 22.01 3 . 00 7 . 00 20 

EXWA 0 .064 0.020 3 1 .28 0.04 0. 1 0  1 7  

ENWA 0.01 6 0.008 50. 1 4  0.01 0.03 7 

Table 1 1 .  Summary statisties for DyseriteIla sp. A. (5 speeimens) 

AVG STDS CV MIN MAX n 

BT 1 .454 0.742 5 1 .06 0.42 2. 50 7 

EW -- -- -- -- -- --

AL 0 . 299 0.036 1 2 .03 0 . 2 1  0.35 1 4  

AW 0.291 0.03 1 1 0.75 0.21  0.34 1 4  

AAR 0.389 0.029 7.42 0.35 0.44 1 0  

AAR/2 5 . 1 33 0.459 8.95 4.40 6.00 1 5  

EXIL 0. 1 1 5  0.040 34.44 0.04 0. 1 5  8 

EXIL/A -- -- -- -- -- --

MACA 0.080 0.026 33. 1 0  0.05 0. 1 3  1 5  

MACA/A 3.000 - - - - 3.00 3 . 00 1 

EXWA 0.057 0.024 41 .82 0.03 0.09 1 4  

ENWA 0.01 4 0.004 30.50 0.01 0.02 1 1  
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Table 1 2 . Summary statisties for Clausotrypa montieola ( Eichwald ) .  ( 1 0 speeimens) 

AVG STDS CV MIN MAX n 

BD 1 .0 1 2  0 . 1 50 1 4.78 0.77 1 .36 2 1  

EW -- -- -- -- -- --

AL 0. 1 95 0.037 1 9 . 1 4  0. 1 5  0.27 1 5  

AW 0. 1 23 0.0 1 0  8.42 0 . 1 1 0. 1 4  1 5  

AAL 0.589 0. 1 1 2  1 9 .00 0.45 0.73 1 1  

AAC 0.342 0.043 1 2 .55 0.27 0.40 9 

AAL/2 3.667 0.758 20.68 2.70 4.80 9 

AAC/2 5. 950 0. 735 1 2 .35 5.00 7.00 8 

EXIL 0.036 0.003 9 . 62 0.03 0.04 4 

ACA 0.038 0.008 20.88 0.03 0.06 1 6  

EXWA 0. 1 80 0.070 38.69 0.09 0.24 5 

ENWA 0.020 0.002 8.43 0.02 0.02 9 

Table 1 3 . Summary statisties for Streblascopora germana (Bassler) . (8 speeimens) 

AVG STDS CV MIN MAX n 

BD 0.9 1 5  0. 1 76 1 9 .28 0.72 1 . 1 5  8 

EW 0.334 0.069 20.59 0.27 0.43 5 

AB 0.226 0.043 1 9 . 1 9  0. 1 6  0 . 2 8  5 

AL 0 . 1 83 0.01 5 8. 1 2  0. 1 6  0.22 20 

AW 0.097 0.0 1 3  1 3 .83 0.07 0. 1 2  20 

AAL 0.476 0.038 8.05 0.42 0 . 5 5  1 6  

AAC 0.276 0.039 1 4 . 24 0.22 0.36 1 7  

AAL/2 4 .221  0.236 5.59 3 . 80 4.50 1 4  

AAC/2 6 . 933 0.73 1 1 0 .55 6 . 1 0  7 .80 6 

MET 0.032 0.006 1 8 .00 0.03 0.05 1 1  

MET/A 9.000 0. 8 1 6 9.07 8 .00 1 0.00 1 0  
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Table 1 4. Summary statisties for Permoheloclema merum Ozhgibesov. (8 speeimens) 

AVG STDS CV MIN MAX n 

BO 0 .7 1 9  0. 1 68 23.37 0.55 1 . 1 5  1 7  

EW -- -- -- -- -- --

AL 0. 1 29 0.01 6 1 2 . 7 5  0 . 1 1 0. 1 5  8 

AW 0.079 0.008 1 0.60 0.07 0.09 8 

AAL 0 . 290 0.037 1 2 .59 0.25 0.33 4 

AAC 0 .230 0 . 0 1 4  6. 1 5  0.22 0.24 2 

AAL/2 7 .000 1 . 1 7 1 1 6.73 5 .30 8 . 50 1 0  

AAC/2 6 .700 0.000 0.00 6 . 70 6 . 70 2 

CAP 0 . 009 0.001 1 1 . 1 1  0.01 0.01  3 

EXWA 0 . 1 60 0.028 1 7 .68 0. 1 4  0 . 1 8  2 

ENWA 0.085 0.007 8.32 0.08 0.09 2 

Table 1 5 . Summary statisties for Timanodictya nikiforovae Morozova . ( 1 0  speeimens) 

AVG STDS CV MIN MAX n 

BT 1 .4 2 1  0.264 1 8 .62 1 .09 2 . 04 1 3  

BW 2 .348 0.424 1 8.04 1 .8 1  2 . 73 6 

AL 0. 1 88 0.01 5 7 .92 0. 1 5  0 . 20 1 2  

AW 0 . 1 68 0.01 1 6.62 0. 1 5  0 . 1 8  1 2  

LIN 0 . 0 1 4 0.005 32.78 0.01  0.02 6 

AAL 0 .474 0.025 5 .34 0.44 0.52 1 5  

AAC 0.327 0.024 7.44 0.29 0.37 1 5  

AAL/2 4.040 0. 1 1 4 2 .82 3. 90 4.20 5 

AAC/2 6 . 1 40 0.4 1 6 6.77 5.60 6.70 5 

CAP 0 . 0 1 8 0.001 3 .48 0.02 0.02 1 0  

EXWA 0. 1 05 0.01 9 1 7 .82 0.08 0. 1 3  6 

ENWA 0.02 1 0.002 9.23 0.02 0.02 7 

MEDLA 0.020 0.002 1 1 .08 0.02 0.02 8 
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Table 1 6. Summary statisties for Girtyporina sp. (4 speeimens) 

AVG STDS CV MIN MAX n 

AL 0.207 0.007 3 . 1 5  0.20 0.22 1 2  

AW 0.202 0.006 2.86 0. 1 9  0 . 2 1  1 2  

LIN 0.Q 1 7  0.001 6 .66 0.02 0.02 3 

AAR 0. 286 0.01 9 6.75 0.25 0.31  1 2  

AAR/2 6.083 0.603 9 . 9 1  4.90 7 . 1 0  1 2  

FOSS 0. 1 08 0.006 5.86 0. 1 0  0. 1 2  1 0  

EXWA 0.097 0.037 38.63 0.06 0. 1 3  3 

ENWA -- -- -- -- -- --

Table 1 7 . Summary statisties for Fenestella akselensis sp. nov . (4 speeimens) 

AVG STDS CV MIN MAX n 

BR 1 0  1 8 . 9 1 7 1 .928 1 0. 1 9  1 5 . 20 2 1 .40 29 

DS1 0 1 4 .336 0. 863 6.02 1 2 .70 1 6.60 28 

A5 1 9 . 948 1 .340 6.72 1 7 .60 23.00 3 1  

AFEN 3. 250 0.500 1 5 .38 3 .00 4 .00 4 

WB 0.341 0.027 7.86 0.29 0.39 2 1  

WD 0 . 282 0.035 1 2 . 54 0.23 0.35 1 9  

FL 0.398 0.026 6.50 0.36 0.46 1 2  

FW 0 . 233 0.026 1 1 . 1 7  0. 1 9  0.27 1 2  

AD 0. 1 1 9  0.007 5.82 0. 1 1  0. 1 3  7 

AAL 0.237 0.023 9.76 0. 1 8  0.28 1 9  

AAC 0.237 0.027 1 1 .4 1  0 . 1 8  0.30 1 8  

N l  3 .667 0.308 8.39 3 . 30 4.00 6 

SNB 0. 266 0.027 1 0. 24 0.22 0 . 3 1  1 8  

NL 0. 1 01 0.030 29.93 0.05 0. 1 5  1 2  

NW 0.061 0. 0 1 8  30.43 0.04 0. 1 0  1 2  

RA 59 . 1 1 6  1 5 . 1 47 25.62 35 .00 88.00 43 
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Table 1 8 . Summary statisties for Fenestella reversicnotta sp.  nov . (6 speeimens) 

AVG STDS CV MIN MAX n 

BR 1 0  20. 01 9 1 .494 7.46 1 5 .70 23.40 36 

DS1 0  1 6 . 963 0.801 4.72 1 5 . 70 1 9 . 60 38 

A5 23.259 1 . 839 7 . 9 1  1 9 . 20 27 .00 34 

AFEN 3 . 1 1 1  0.601 1 9 .32 2 .00 4.00 9 

WB 0.364 0. 1 01 27.81  0.23 0.60 28 

WD 0 . 248 0.036 1 4.43 0. 1 7  0.30 1 4  

FL 0.399 0.061 1 5. 3 1  0.32 0 . 5 1  1 2  

FW 0 . 2 1 8 0.046 2 1 .02 0. 1 8  0.30 1 2  

AD 0. 1 25 0.0 1 6  1 2 .84 0 . 1 0  0. 1 5  1 4  

AAL 0.225 0.Q 1 8  7.97 0.20 0.28 32 

AAC 0. 2 1 7  0.022 9.99 0. 1 6  0.26 31  

N l  3. 989 0. 535 1 3 .41  3.00 5 . 00 9 

SNB 0 . 239 0.035 1 4.62 0. 1 8  0.33 39 

NL 0. 1 06 0.032 29.84 0.07 0. 1 8  1 8  

NW 0. 056 0.01 7 29.43 0.04 0.09 1 8  

RA 5 5 . 947 3. 880 6.93 48.00 63.00 1 9  

Table 1 9 . Summary statisties for Fabifenestella sp.  B. ( 1  speeimen) 

AVG STDS CV MIN MAX n 

BR 1 0  7 . 629 1 . 1 44 1 5 .00 5.30 8.90 7 

DS1 0  5. 250 0.794 1 5 . 1 3  4.60 6.50 6 

A5 1 4. 620 0.944 6.46 1 2 . 50 1 5 . 50 1 0  

AFEN 6. 500 0.707 1 0.88 6.00 7.00 2 

WB 0. 500 0.050 1 0.00 0.45 0.55 3 

WD 0.390 0.0 1 4  3.63 0.38 0.40 2 

FL 1 . 446 0.335 23. 1 9  1 .00 1 . 77 5 

FW 0. 740 0.078 1 0.60 0.64 0.86 5 

AD 0. 1 45 0.007 4.88 0. 1 4  0. 1 5  2 

AAL 0.326 0.01 7 5. 1 5  0.31 0.36 1 2  

AAC 0.374 0.060 1 6 .00 0.29 0.46 1 0  

N l  2 . 600 -- -- 2.60 2 . 60 1 

SNB 0. 380 - - - - 0.38 0.38 1 

NL -- -- - - - - - - - -

NW -- -- - - -- -- - -

RA -- - - -- - - - - - -
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Table 20. Summary statisties for Rectifenestella microporata (Shul 'ga-Nesterenko ) .  (9 
speeimens) 

AVG STDS CV MIN MAX n 

BR 1 0  2 3 . 5 1 9  2 .267 9 .64 1 9 .30 28.00 

OSl O 20.441 1 .440 7 .04 1 7 .70 23. 1 0  

A5 23. 853 2.596 1 0.88 1 9 .40 30.00 

AFEN 2 . 536 0. 4 1 4  1 6.34 2 . 00 3 . 00 

WB 0 . 238 0.034 1 4 .44 0. 1 8  0.30 

WO 0.228 0. 1 02 44.66 0.08 0.38 

FL 0 .293 0.075 25.46 0. 1 6  0.46 

FW 0. 1 84 0.048 2 5 . 88 0. 1 1  0 . 21 

AO 0. 1 08 0.01 7 1 5 .97 0.08 0. 1 4  

AAL 0. 200 0.021  1 0 . 63 0 . 1 6  0.24 

AAC 0.224 0 . 0 1 7 7 .48 0 . 20 0.26 

N l  4. 542 0 . 6 1 2 1 3 .48 3 . 80 6 . 00 

SNB 0 . 2 1 5 0.028 1 2 .92 0. 1 6  0.28 

NL 0.07 1 0.022 3 1 . 1 5  0.04 0. 1 1  

NW 0.050 0.01 2 24 .47 0.03 0.07 

RA 69.308 7.662 1 1 .05 52.00 8 5 . 00 

58 

61 

45 

1 4  

24 

26 

25 

25 

1 6  

39 

35 

24 
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Table 2 1 . Summary statisties for Rectifenestella retiformis (Schlothe im) . ( 2  speeimens) 

AVG STDS CV MIN MAX n 

BR 1 0  1 9 . 350 0.404 2 .09 1 8 .70 20.00 8 

OS l O  1 6 . 4 1 1 0 .699 4.26 1 5 .20 1 7 . 50 9 

A5 1 8 . 789 3 . 1 80 1 6 .92 1 5 .70 23.20 9 

AFEN 2 . 750 0.289 1 0 .50 2 . 50 3 . 00 4 

WB 0 . 2 7 1  0.061 2 2 . 5 1  0 .20 0.36 1 0  

WO 0. 1 58 0.033 2 1 . 1 2  0 . 1 2  0.24 1 1  

FL 0.427 0.029 6.85 0.38 0.47 1 3  

FW 0.275 0.032 1 1 . 73 0 . 1 8  0.30 1 3  

AO 0.093 0.006 6 . 1 9 0.09 0 . 1 0  3 

AAL 0. 208 0.050 24. 1 8  0 . 1 1  0.24 6 

AAC 0. 254 0.031 1 2 .32 0 .24 0 . 3 1  5 

N l  4.033 0.058 1 .43 4.00 4 . 1 0  3 

SNB 0. 245 0.008 3 . 4 1  0 .23 0 .25 6 

NL 0 . 1 20 0.052 43.30 0.09 0. 1 8  3 

NW 0.080 0.01 0 1 2 .50 0.07 0.09 3 

RA 65.083 3 . 288 5. 05 6 1 .00 7 1 .00 1 2  



Table 2 2 .  Summary statisties for Rectifenestella sp. A. (3 speeimens) 

AVG STDS CV MIN MAX n 

BR1 0  1 9. 5 3 1  1 .680 8.60 1 8.00 23.20 1 6  

OSl O 1 4. 960 0.825 5 . 52 1 3 . 80 1 6. 70 1 5  

A5 26.690 2 . 1 01 7.87 23. 50 30.40 20 

AFEN 3 . 700 0.274 7.40 3 .50 4.00 5 

WB 0.290 0.021 7.28 0.25 0.33 1 4  

WO 0. 1 80 0.023 1 2.77 0. 1 5  0.22 1 5  

FL 0.458 0.059 1 2 .96 0.38 0.55 9 

FW 0.256 0.024 9 . 28 0.22 0 . 3 1  1 1  

AO 0. 1 1 7 0.0 1 2  1 0 . 50 0. 1 0  0. 1 3  9 

AAL 0. 1 95 0.023 1 1 . 90 0. 1 6  0.22 1 0  

AAC 0. 1 84 0.042 2 2 . 78 0. 1 2  0.22 7 

N l  4 .3 1 7  0.43 1 9 . 98 3 . 90 5 .00 6 

SNB 0 . 2 2 1  0.024 1 0. 93 0.20 0 . 2 5  7 

NL 0. 1 1 1  0.0 1 3  1 1 . 73 0.09 0. 1 3  6 

NW 0.057 0.01 1 1 9 .03 0.05 0.07 6 

RA 60.000 7.071 1 1 . 79 55.00 65.00 2 

Table 23.  Summary statisties for Rectifenestella sp. B. (2 speeimensI 

AVG STDS CV MIN MAX n 

BR1 0  1 2 .491 0.362 2 . 90 1 2 .00 1 3. 20 1 1  

OSl O  8 . 1 09 0.3 1 8  3 . 92 7 .80 8 . 80 1 1  

A5 22.073 0.892 4.04 2 1 .00 24.00 1 1  

AFEN 5. 500 0.577 1 0. 50 5.00 6.00 4 

WB 0.280 0.044 1 5 . 84 0.24 0.36 7 

WO 0. 1 82 0.035 1 9 . 20 0. 1 6  0.25 6 

FL 1 .069 0.043 3 . 9 8  1 .00 1 . 1 4  8 

FW 0.585 0.037 6.33 0.55 0.66 8 

AO 0.097 0.006 5 . 9 7  0.09 0. 1 0  3 

AAL 0. 2 1 7  0.006 2.66 0.21  0.22 3 

AAC 0.2 1 0  0.0 1 0  4.76 0.20 0.22 3 

N l  4.000 - - -- 4.00 4.00 1 

SNB 0.245 0.035 1 4.43 0.22 0.27 2 

NL 0.085 0.007 8.32 0.08 0.09 2 

NW 0.006 0.001 23.57 0.01 0.01 2 

RA -- -- -- -- -- --

53 



54 

Table 24. Summary statisties for Alternifenestella bifida ( Eichwald ) .  ( 1  speeimen) 

AVG STOS CV MIN MAX n 

BR1 0  1 2 .700 0 . 1 4 1  1 . 1 1  1 2 . 50 1 2 . 80 4 

OSl O 9.720 0.228 2.35 9 . 50 1 0. 1 0  5 

A5 1 6.01 7  0.360 2.25 1 5 .60 1 6.50 6 

AFEN 3. 500 0.707 20.20 3.00 4.00 2 

WB 0.365 0.021 5 . 8 1  0.35 0.38 2 

WO 0 . 1 75 0.0 1 9  1 0.94 0. 1 6  0. 20 4 

FL 0.860 0.036 4. 1 9  0 . 82 0.89 3 

FW 0.443 0.025 5.68 0.42 0.47 3 

AD 0. 1 1 5  0.007 6. 1 5  0. 1 1  0. 1 2  2 

AAL 0.304 0.008 2.59 0.29 0.31  7 

AAC 0.273 0.005 1 .83 0.27 0.28 4 

N I  1 .750 0.071 4 .04 1 .70 1 .80 2 

SNB 0. 582 0.032 5.48 0.53 0.62 6 

NL 0. 1 30 0.028 2 1 .76 0. 1 1  0 . 1 5  2 

NW 0. 1 00 0.0 1 4  1 4 . 1 4  0.09 0. 1 1  2 

RA -- -- -- -- -- --

Table 2 5 .  Summary statisties for Alternifenestella cf. greenharbourensis (Nikiforova) .  ( 3  
speeimens) 

AVG STDS CV MIN MAX n 

BR 1 0  1 4.664 0. 894 6 . 1 0  1 3 .20 1 5 .80 1 4  

OS l O  1 0.625 0.630 5.93 9 . 50 1 1 . 70 1 6  

A5 1 8. 582 0 . 1 99 1 .07 1 8 .30 1 8 . 90 1 1  

AFEN 3 . 833 0.289 7 . 53 3.50 4.00 3 

WB 0. 3 1 5 0.035 1 1 . 1 5  0.28 0.35 4 

WO 0. 1 96 0.026 1 3 .30 0. 1 6  0.22 5 

FL 0.782 0.053 6.76 0.73 0 . 90 1 0  

FW 0.435 0.049 1 1 .38 0.38 0 . 54 1 0  

AD -- -- -- -- -- --

AAL -- -- -- -- - - --

AAC - - -- -- -- -- --

N I  -- -- -- - - -- --

SNB - - - - -- -- -- --

NL -- -- -- - - - - --

NW -- -- -- -- -- --

RA -- -- -- -- -- --



Table 26. Summary statisties for Alternifenestella cf. minuseula Morozova. ( 1  speeimen) 

AVG STDS CV MIN MAX n 

BR 1 0  22.650 2.484 1 0.97 20.40 26.20 4 

OSl O 1 5. 943 0.479 3.01  1 5.70 1 7.00 7 

A5 1 6.889 0.605 3.58 1 5 . 90 1 8.00 9 

AFEN 2 .000 -- -- 2.00 2.00 1 

WB 0.300 0.0 1 4  4 . 7 1  0.29 0 . 3 1  2 

WO 0 . 1 55 0.035 22.81  0. 1 3  0. 1 8  2 

FL 0.368 0.022 6.03 0.35 0.40 4 

FW 0 .2 1 8  0.02 1 9.48 0.20 0.24 4 

AO 0.093 0.005 5 . 4 1  0.09 0. 1 0  4 

AAl 0.290 0.02 1 7 .23 0.25 0 . 3 1  6 

AAC 0.275 0.008 3.04 0.27 0.29 6 

N l  -- -- -- -- -- --

SNB -- -- -- -- -- --

Nl - - - - - - - - -- --

NW -- -- -- -- -- --

RA -- -- -- -- -- --

Table 27. Summary statisties for Alternifenestella subquadratopora (Shul 'ga-Nesterenko) .  (2  
speeimens) 

AVG STDS CV MIN MAX n 

BR1 0  1 8.083 0.495 2.74 1 7. 1 0  1 8. 90 1 2  

OSl O  1 8.300 0.442 2 . 42 1 7 .70 1 8.90 1 0  

A5 1 8.542 0.320 1 .73 1 8. 1 0  1 9 . 1 0  1 2  

AFEN 2 .250 0.354 1 5. 7 1  2.00 2.50 2 

WB 0.3 1 0  0.0 1 3  4. 1 6  0.29 0.33 7 

WO 0. 1 09 0.01 1 9 . 8 5  0.09 0. 1 2  7 

Fl 0.447 0.0 1 4  3. 1 7  0.42 0.46 9 

FW 0.271 0.0 1 4  5 .00 0.25 0.29 8 

AO 0. 1 25 0.007 5.66 0. 1 2  0. 1 3  2 

AAl 0.279 0.009 3. 1 4  0.27 0.29 1 0  

AAC 0.258 0.008 3.06 0.25 0.27 1 0  

N l  3 . 600 0. 1 63 4.54 3.40 3 . 80 7 

SNB 0.266 0.Q1 4 5 .26 0.25 0.29 7 

Nl 0. 1 03 0.01 0 9 .34 0.09 0 . 1 1 4 

NW 0.070 0.008 1 1 . 66 0.06 0.08 4 

RA - - - - -- -- -- --
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Table 28.  Summary statisties for Alternifenestella sp . A. ( 2  speeimens) 

AVG STOS CV MIN MAX n 

BR1 0  8.567 0.404 4.72 8. 1 0  8 . 80 3 

OSl O 5. 3 1 7  0. 1 94 3 .65 5 . 1 0  5 . 60 6 

A5 1 6 .364 1 .057 6.46 1 5 .00 1 7 .70 1 1  

AFEN 5.750 0.500 8 . 70 5.00 6.00 4 

WB 0. 5 1 3  0 . 1 42 27.66 0.38 0.64 4 

WO 0.300 0.082 27.22 0.22 0.38 4 

FL 1 . 385 0. 035 2.55 1 .36 1 .4 1  2 

FW 0.720 0.057 7.86 0.68 0.76 2 

AO 0. 1 53 0.01 5 9 .84 0. 1 4  0. 1 7  4 

AAL 0.282 0.008 2 .97 0.27 0.29 5 

AAC 0.324 0.01 5 4.68 0.30 0.34 5 

N l  1 . 333 0.289 2 1 .65 1 .00 1 . 50 3 

SNB 0. 730 0.070 9.59 0.65 0 . 7 8  3 

NL 0.220 -- -- 0.22 0.22 1 

NW 0. 1 60 -- -- 0. 1 6  0. 1 6  1 
RA -- -- -- -- -- --

Table 29. Summary statisties for L yropora serissima sp. nov. (4 speeimens) 

AVG STOS CV MIN MAX n 

BR 1 0  27 .020 1 .803 6.67 23.40 29 .00 30 

OSl O 22.373 1 . 1 1 2  4 .97 20.00 24.60 30 

A5 26.977 2.256 8.36 22.90 30.50 30 

AFEN 2 . 7 1 4  0. 267 9.85 2 . 50 3 .00 7 

WB 0. 242 0.070 28.87 0. 1 6  0.42 20 

WD 0.2 1 8  0.057 26. 1 4  0. 1 5  0 . 30 6 

FL 0.255 0.065 25.63 0. 1 8  0.33 6 

FW 0. 1 62 0.01 6 9.91  0 . 1 4  0. 1 8  6 

AO 0.096 0.007 7 . 60 0.09 0. 1 1  9 

AAL 0. 1 83 0.027 1 4.85 0 . 1 5  0.26 33 

AAC 0 . 2 1 4  0.020 9 . 2 1  0. 1 6  0.25 34 

Nl 4.764 0. 539 1 1 .3 1  3. 70 5 .60 22 

SNB 0.2 1 6  0.026 1 1 .83 0. 1 8  0.27 3 2  

NL 0. 1 1 3  0.036 3 1 . 84 0.09 0 . 2 5  2 1  

NW 0.073 0.023 30.90 0.04 0. 1 3  2 1  

RA 70.000 3.347 4.78 66.00 75 .00 6 
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Table 30. Summary statisties for POlyporella biarmica ( Keyserl ing) .  ( 1  speeimen) 

AVG STDS CV MIN MAX n 

BR1 0  9.260 0.699 7 . 54 8 . 50 1 0.00 5 

OSl O 7. 520 0. 1 79 2.38 7 . 30 7 .80 5 

A5 1 7 . 6 1 7 0.739 4. 1 9  1 6. 70 1 8.30 6 

AROW 3.000 1 .000 33.33 2.00 4.00 3 

WB 0.586 0. 1 1 8  20.2 1  0.41 0.73 5 

WO 0.3 1 8  0.049 1 5 . 3 1  0.27 0.39 6 

FL 1 .057 0.055 5 . 24 1 .00 1 . 1 4  6 

FW 0.443 0. 1 04 23.38 0.32 0.55 6 

AD 0 . 1 45 0.049 34. 1 4  0. 1 1  0 . 1 8  2 

AAL 0.243 0.008 3.36 0.23 0.25 6 

AAC 0.262 0.0 1 0  3.76 0.25 0.27 6 

N l  3. 239 0.296 9. 1 2  3.03 3.45 2 

SNB 0.3 1 0  0.Q 1 6 5 . 1 0  0.29 0.33 5 

NL 0.066 0.008 1 2 .43 0.06 0.07 5 

NW 0.066 0.008 1 2 .43 0.06 0.07 5 

RA -- -- -- -- -- --

Table 3 1 .  Summary statisties for Polyporella borealis (Stuekenberg ) .  (7 speeimens) 

AVG STOS CV MIN MAX n 

BR 1 0  1 3.633 1 .632 1 1 .97 9 . 70 1 6.30 24 

OS l O  1 1 .025 0.505 4.58 1 0 . 1 0  1 1 . 80 24 

A5 1 8 .023 0.997 5.53 1 5 .70 20.00 3 1  

AROW 3.077 0.760 24.69 2.00 4.00 1 3  

WB 0.524 0. 1 40 26.82 0.31  0 . 80 2 1  

WO 0.357 0.072 20.20 0.23 0.50 1 8  

FL 0 . 537 0. 1 40 26.01 0.35 0.77 1 4  

FW 0.322 0.093 28.82 0.22 0.56 1 4  

AD 0. 1 49 0.01 8 1 2 .34 0. 1 3  0. 1 8  1 7  

AAL 0.274 0.028 1 0.36 0.22 0.33 42 

AAC 0 . 242 0.029 1 2 .01  0. 1 8  0.33 5 1  

N l  3 .075 0.556 1 8 .09 2.20 4.00 1 2  

SNB 0 . 334 0.065 1 9 .57 0.22 0.47 40 

NL 0 . 1 24 0.039 3 1 . 1 6  0.06 0.22 37 

NW 0 . 087 0.020 23.40 0.05 0. 1 3  37 

RA 63. 500 2.593 4.08 59.00 67.00 1 0  
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Table 32. Summary statisties for Polypora brevicellata Baranova. (4 speeimens) 

AVG STDS CV MIN MAX n 

BR1 0  5. 1 79 0.61 8 1 1 . 93 4.40 6.30 1 9  

DS 1 0  3 .9 1 3  1 . 1 1 5  28.50 2.20 5 .20 23 

A5 1 2. 3'33 1 .020 8.27 1 0.20 1 4.70 1 8  

AROW 4.455 0.820 1 8. 4 1  3 .00 6.00 1 1  

WB 0.955 0. 1 33 1 3 .97 0.73 1 .23 1 5  

WD 0.583 0 . 1 47 25.23 0.32 0.86 1 6  

Fl 2 . 1 22 0.954 44.96 1 .37 3 . 64 1 3  

FW 1 .087 0 . 1 1 8  1 0.88 0.96 1 .37 1 3  

AD 0 . 1 44 0.0 1 6  1 0. 9 1  0. 1 2  0 . 1 7  1 1  

AAl 0.402 0.043 1 0. 7 1  0.29 0.46 1 7  

AAC 0.265 0.026 9.80 0.22 0 . 3 1  1 7  

N 1  -- -- -- -- -- --

SNB - - - - - - - - - - - -

Nl - - -- -- -- -- --

NW -- -- -- -- -- --

RA 69.600 1 .8 1 7  2 . 6 1  68.00 72 .00 5 

Table 33. Summary statisties for Polypora martis Fiseher de Waldheim. (2 speeimens. 

AVG STDS CV MIN MAX n 

BR 1 0  8 .372 1 .041 1 2 .43 7 . 00 1 0. 70 28 

D51 0  6.928 0.783 1 1 .3 1  5.20 8.40 3 1  

A5 1 8 .320 0 . 8 1 4  4.44 1 6 .70 20.00 29 

AROW 4.667 1 .000 2 1 .43 3 .00 6.00 9 

WB 0.8 1 9  0.2 1 3  25.98 0.36 1 . 1 0  1 6  

WD 0. 544 0. 1 39 25.49 0.4 1 0 . 86 9 

Fl 0.886 0. 1 89 2 1 .36 0.55 1 . 1 8  1 8  

FW 0.657 0.257 39. 1 5  0.36 1 . 1 0  1 8  

AD 0. 1 43 0.009 6.43 0. 1 3  0. 1 6  1 0  

AAl 0 . 2 5 1  0.022 8.72 0.22 0.29 1 5  

AAC 0.239 0.01 7 7 .23 0 . 2 1  0.26 1 5  

N 1  -- -- -- -- -- --

SNB -- -- -- -- -- --

Nl 0.090 0.025 27.39 0.06 0. 1 3  9 

NW 0.086 0.020 23.00 0.06 0. 1 3  9 

RA 57.680 8.241 1 4 .29 39 .00 80.00 25 
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Table 34. Summary statisties for Protoretepora sp.  A .  ( 1  speeimen) 

AVG STDS CV MIN MAX n 

BR1 0  7 . 340 0.369 5 .02 6.90 8.00 1 0  

OS1 0 4 .8 1 0  0.433 9 . 0 1  4. 1 0  5 . 40 1 0  

A5 1 6. 573 0.637 3.85 1 5 .40 1 7.40 1 1  

AFEN 7.000 - - -- 7.00 7.00 1 

AROW 6 . 625 1 .768 26.68 4.00 9.00 8 

WB 1 . 1 27 0.272 24. 1 7  0.80 1 .60 7 

WO 0 . 775 0. 1 04 1 3.39 0.68 0.90 4 

FL 1 . 1 1 8  0. 1 35 1 2 . 1 2  0 . 9 1  1 .30 1 0  

FW 0.405 0.087 2 1 .44 0.32 0.59 1 0  

AD 0. 1 70 0 . 0 1 0  5.88 0. 1 6  0. 1 8  3 

AAL 0.350 0.044 1 2.59 0.27 0.40 8 

AAC 0.2 1 4  0.01 8 8.27 0. 1 8  0.24 8 

N 1  -- -- -- -- -- --

SNB - - - - - - - - - - - -

NL 0 . 1 1 0  0.02 1 1 9.07 0.09 0. 1 4  6 

NW 0 . 1 1 0  0.021 1 9.07 0.09 0. 1 4  6 

RA -- -- -- -- -- --
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Plates 1 - 16 

Photomicrographs are all from acetate peels except where noted. 
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Cyclofrypa disfif1cfa Morozova 
Transverse section , A KS-A-X .Um , PMO A42649/4 , x S ,  petrographic thin scction 
Shallow tangcntial  section, A KS-A-7 .0m, PMO I l fl .07S/2 , x2S . 
Deeper tangcntial section, A KS-A-X .Om ,  PMO A42649/S , x2S, pctrographic thin section .  
Longitudinal section o f  specimcn with crushed endozone, A KS-A KS-A-X . Om , PMO A42654/2 , 
x 1 0 ,  pctrographic thin scction 
Transvcrse scction , A KS-A-7 .0m , PMO 42650/3 , x lO ,  pctrllgraphic thin scction 

Cyc/Olrypa eximia Morozova 
Rock speeimen of brachiopod with encrusting layer of C. eximia , A KS-A-3 .0m, PMO l I H . OH l ,  
x l  
Tangential section with cross sections of bubblc-likc cystiphraglTI!-. (arrow ) ,  FES- W-3 .0m , PMO 
A422X4, x25 , petrographic thin section 
Shallow tangcntial section, A KS-A-3 .0m , PMO l I H . OX l/! , x25 
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Cyc/otrypa eximia Morozova 
Longitudinal scction of specimen attached to brachiopod shelL A KS-A-3.0m, PMO 1 1 8 .08 1/8 ,  
x lO  
Tangential section o f  maculum, FES- I O-3 .0m, PMO A42284, x l O ,  petrographie thin scction 
Transverse seelion of colony portion enerusting a borcd brachiopod spine, A KS-A-3 .0m , PMO 
l PUl8 1/4 A ,  x lO 
Larger portion of longitudinal section showing area with conccntration of vesicular tissue , A KS
A-3 .0m, PMO 1 1 8.08 1/3 A ,  x4 
Enerusting l aycr of C. eximia on Tabulipora, FES- W- l .Om, PMO A422 1 8 ,  x25, petrographic 
thin scction 

Ramipora cf. hochstelteri Toula 
Transverse sections, FES- I O- 1 4 ,Om, PMO A42067, x l O ,  petrographic thin section 
Oblique longitudinal scction dose to point of bifurcation, FES- I O- l S .Om , PMO 1 3 8 . 085/2 ,  x l O  
Goniocladia sp . ,  deep tangential section of onc fenestrule, A KS-A- l l . Rm, P M O  l I R . 104, x l O  
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Meekopora magnusi sp. nov. 
Polished rock speeimen.  A KS-A-S .Om. PMO l liU 174. paratype . x2 
Longitudinal section. KW Æ- I -2 . 0m .  A42 1 56/ 1 . holotypc. X4 . petrographie thin scction 
Tangential  scction . KW Æ- I-2 .0m. A42 1 56/2 . holotype. x25. petrographie thin scction 
Longitudinal section . KW Æ- I -2 . 0m . A42 1 5 6/ 1 . holotype . x25 . petrographie thin section 
Tangcntial section . KWÆ-I-2.0m. A42 1 56/2. holotype. x lO .  petrographie thin section 

Tabu/ipora sp. A .  
Longitudinal scction . KWÆ- I -O . O l m .  A42267. x25. petrographie thin scction 
Rock speeimen showing internal structures with parallei c n dozonal tuhes. SVH-hasis. PMO 
l lfUl86. x2 
Longitudinal sectio n .  KWÆ-I-O.O l m . A42267. x l O .  petrographie thin section 
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Tabulipora sp. A .  
Shallow tangential scction, KWÆ- I-O . O l m ,  PMO A42269, x 2 5 ,  petrographie thin scction 
Deeper tangential section . KWÆ-I-O. O l m .  PMO A42269, x2) . pctrographic thin scction 

Tabulipora siedleckii Malccki 

Rock speeimen with slightly sil ici l ied T. siedleckii in a shalc/chcrt matri x ,  A KS-A-· l I . X m .  PMO 
1 3X . 1 2f\,  x2 
Tangcntial scction , SVH-2-25 .0m, PMO l PU)�2/ 1 , x25 
Transvcrsc scction. A KS-A-9 .0m, PMO A4267 1 /B ,  x4 
Transvcrsc section . A KS-A-9 .0m. PMO A4267 1/A . x l O 
Longitudinal scction with rcgcncratcd growth ( arrows ) ,  SV H-2-25 .0m , PMO l l f\ .O�2/2 . x25 
Longitudinal scction showing abundant pcrforatcd and complctc diaphragm s ,  SVH-2-2 S . 0m . 
P M O  I l f\ . O�2/3 . x25 
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Rhombotrypella al{redensis Morozova 
Tangential section , A KS-A-5 .4m, PMO A42 1 44/B , x25 
Transverse section, AKS-A-3JJm, PMO 1 1 8 , 1 1 1/4, x lO  
Longitudinal section, exozone with terminal diaphragms c10sing off some zooecial tuhes, A KS
A-3 .0m, PMO 1 1 8 . l l 1/2B ,  x25 
Intrazoarial overgrowth ,  A K S-A-3 .0m , PMO 1 1 8 . 1 1 1/I B ,  x25 

Rhombotrypella arbuscula (Eichwald) 
Tangential  section , FES- I O . 1 5 .0m, PMO A42278, x25 , petrographie thin sectIon 
Transvcrsc section , FES- I O- 1 5 .0m , PMO A42280, x25 , petrographie thin scction 
Longitudinal section with hook-like hcmiphragms i n  exozone (arrow), FES- I O - 1 5 .0m, P M O  
A42279, x25, petrographie t h i n  section 
Longitudinal scction through port ion of colon y with rcgcncratcd growth pcrpcndicular to original 
growth direction. A KS-A-I Ul, PMO 1 1 8 . 103/5 , x lO 
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Stenopora thula Ross & Ross 
Transversc section of cxozone, FES-]()-I S .Om, PMO I 3R.On, x25 
Longitudinal section of cxozone, FES- IO- IS .Om ,  PMO A420R4/B, x2S , petrographie thin  section 
Tangential section ,  FES- I O-IS .Om ,  PMO A420�4/D , x2S , pctrographic thin scction 

Dyscrite//a bOjiatensis Morozova 
Tangcntial section , AKS-A-9.0m. PMO A4266R/B , x2S,  petrographic thin section 
Transverse section, AKS-A-9.0m, PMO A42668/A, x l O, petrographie thin section 
Transverse section of outer exozonc showing protruding acanthostylcs, AKS-A-9.0m , PMO 
A4266R/c' x25 , petrographic thin section 

Dyscrite//a min uta Morozova 
Transversc scction with well devcloped acanthostylcs protruding into surrounding matrix, FES
! O- IS .Om, PMO 1 3R . ()�6, x2S 
Transversc scction ,  AKS-A-1 .3m, PMO A42660/2, x25 
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D vscrite/la min uta Morozova 
Longitudinal scction. AKS-A-1 .3rn . PMO A42660/2. x25 
Tangential section. AKS-A- 1 .3rn. PMO A42659/2. x25 

Dyscrite/la sp. A.  
Transverse section of speeimen enerusting �Rh()mb()trype/la . AKS-A-l l .Rrn. PMO 132.063/2. 
x l O  
Tangential section. A KS-A-9.5m. PMO A42665/B . x25 
Specirnen encrusting crinoid stem. KW Æ-I-O. 15m.  PMO A42271 . x 1 5 .  petrographic thin scction 
Longitudinal scction . A KS-A-9.5m. PMO A42665/A. x25 

Trepostorne gen . et sp. indet. (encrusting a ( now) silicified brachiopod) 
AKS-A-l l .Rrn. PMO 1 32.057/3 . x25 
AKS-A-l l .Rm. PMO 1 32.057/2. x25 
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PrimoreIla cf. polita Romanchuk & KisclCva 
Oblique transvcrse section. FES- IO- l) .Om. PMO 1 3�UJ'I3 . x2) 
Tangential scction , FES- 1 O- 1S . Om .  PMO 1 3iUJ'I3. x25 
Oblique longitudinal section. FES- I O- 1 5 .0m. PMO 1 3IUJ'I3. x25 

C/ausotrvpa montico{a (Eiewald) 
Transverse scction. FES- I O-lS .Om. PMO LliUJR3/ 1 .  x25 
Oblique tangcntial section showing distinet acanthostylcs and striated wall structurc. 
FES-W-1S .Om. PMO 1 3R.OR3/I .  x2S 
Transverse scction of speeimen being used as a hold fast for a colony of  Po!vpora . AKS
A-l I . Rm . PMO 132 .062/2 .  x25 

Streb!ascopora germana (Bassler) 
Longitudinal section dose to point of bifurcation displaying central bundle of parallei 
zooecial tubes. FES- I O-lS .Om. PMO A42279. x25. petrugraphic thin section 
Tangcntial section. FES- IO- I S .lJm .  1 32 . 1 20. x2) 
Oblique tangcntial section. FES- I O- l S .Om, PMO A4227'1. x2). petrographic Ihin scction 

Permohe{oc!ema merum Ozhgibesov 
Transverse scction. AKS-A-7.0m, PMO A42650/4. x25. pClrographic thin scclion 
Transverse section dose lo point of bifurcation, AKS-A-7.0m ,  PMO A426S0/ 1 ,  x25 . 
petrographie thin section 
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Timanodictya nikiforouae Morozova 
Oblique transverse section, FES- IO- 15 .0m, PMO 1 3H.096/1 , x25 
Transverse section of distal branch ovcrgrown by ? Po/ypora, AKS-A-H.Om, PMO A426H I/A , 
x25 
Oblique transverse section showing large capillaries (arrow). AKS-A-H.Om ,  PMO A426H I/E , 
x25 
Tangential section, FES-J (� 15 .0m, PMO 1 3H.096/ 1 , x25 
Basal holdfast and severaI initial layer, of T. nikiforouae growing within Meekopora magrlusi, 
AKS-A-5.0m ,  PMO I I H .07H/I , x l O  

Girtyporina sp. 
Tangcntial scction of zooecial apertures and fozzazooccia opcnings (arrow) ,  AKS-A-H .Om . PMO 
1 32 . 102/ 1 , x25 
Obliquc scction with maculum (arrow) .  FES- I O- IO .0m, PMO I I H . I S6 .  x25 
Oblique longitudinal section showing cncrusting base on a brachiopod shell ,  FES- ( (� IO .Om . 
PMO I I H . 1 56, x25 
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Fenestella akse/ensis sp. nov. 
Tangential section showing position of carinal nodes. AKS-A-7 .0m. PMO A42695. x25 
Median tangential section . AKS-A-5 .0m. PMO A42677. x25 
Oblique transverse section. AKS-A-7.0m. PMO A42696. x25 
Longitudinal section. AKS-A-5 .0m. PMO A42677. x25 

Fenestella reversicnotta sp. nov. 
Slightly oblique transverse scction. AKS-A-1 .3m.  PMO A4265R/2 .  x25 
Longitudinal section. AKS-A-1 .3m. PMO A42657. x25 
Reverse surface showing nodes ( arrow) .  AKS-A-S .Om. PMO A42643. x2." 
Median tangential scction. AKS-A-S .Om. PMO A42643. x25 
Shallow tangen ti al scction showing placcment of oovcrsc nodes. AKS-A-1 .3m.  PMO A4265R/ 
2. x2S 
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Fu!Jifencstel/u sp. B .  
Tangent i a l  section, A KS-A- I l .Sm,  PMO l i S .  l '!) ,  x \O 
Shal low to median deep tangential  sect ion,  A KS-A- I I .S m ,  PMO I I  S. 1 9) .  x25 

Rectifcncstcl/Il nzicro{Jo/'{/ta ( S h ul'ga-Nestc ren k o )  
Shallow tangen ti a l  section showing dist i net nodes and fcnestrulcs eimed o f f  h v  sccondary cal·  
cification ( a rrO\\'s j ,  A K S-A- 1 . 3 m .  PMO l i S .  lOS,  x25 
Transvcrsc section showing distinet rcverse t hickenim!,  A KS-A-3 .0m . PMO I PU)).f, x25 

Shal low to deep tangential section , A KS-A- I . 3 m ,  PMO I I  S . I OS ,  x25 
Longitudinal section showing dist inct rcversc thickening,  A K S-A-3.0m,  PMO I I S .O).f. x25 

Rectifel1estel/ll retifiJr/l1is ( Sch10theim ) 
Shallow tangent ia

'
I sectio n ,  FES- I O - 1 5 . 0 m ,  PMO L lS . OSO!2 , x25 

Longitudinal section , A KS-A-7 .0m , PMO 1 32 . 075/ 1 , x25 
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Recti/" II('.ltella reti/imnis ( Schlot he i m )  
Obliljuc tranwcr'e scction, A KS-A-7 .0m,  P M O  1-'2 .07:V L  x-lO 
Ohl iljuc tranwcrsc ,cction with arpcndagc , A KS-A-7 .0m, PMO 1.\2.075/2, x25 

Rccti(cllestella 'p. A .  
OhliljuC longitudinal  scction,  FES- ] ()- 1 5 . ()m , PMO A-l20X7, x25 
Shal low tan�c n t i a l  scction ,howing carinal nodes, F E S- ] (},-1 5 . 0 m ,  PMO A-l20K7 , x25 
Median to Jecp tangc n t i a l  scctiOl; ( partly si l icifled woccial chambcr, ) ,  FES- I ( },- 1 5 . 0 m ,  PMO 
A-l20K7, x25 

R('cti/Cllestellll s]1. B .  
Median t o  dcc]1 tangcntial  scctiol1 , FES- ] (},- 1 5 .0m,  P M O  A-l20K5 , x25 

/\Itemi/ellestella suhqulldralOfJOra ( Shul 'ga-Ncstcrcnko ) 
Ohl iljuc tangcnt ia l  scction including rcvcr,al nodes , FES- I ( },- 1 5 .0m,  PMO 1 12 . 1 2 1 /2 ,  x2'i 

A itemi/Cllcstcllll hifida ( Eichwald )  
Oblilj uc tangc n t i a l  ,cction , F ES- I (},- I 'i Om , P M O  J:l 2 . 1 2 I ! 1 ,  x2'i 

A ltem ijcllestclla cf. lIIillllSClIla Morozova 
Tangc ntia l  seetion of partly crushcd spccimcn , A KS-A- I I . K ,  PMO 1 32 . I I X/2 , x2'i 
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A I/erni/enn{('!I" cl'. gre('tll!ilrhollrcl1sis ( i\J i k i foroviI ) 
Tan�e ntial  ,cct ion . A KS-A- I 1 . X m .  Pi\!O 1 32 .06Y I .  \25 

A I{rmi/i'I/(,S{I'!I" 'p.  A .  

[)ccp tan�cnt ia l  ,,:ct ion . FES- I O - 1 5 . 0m. PMO !:lX.(7). \ 2 "  

Tan!,!c n t i a l  ,cct i o n .  FES- I ( �- l 'i.( hn .  P M O  US.07 " .  x l O 

I"vmf'lirt/ .\eri.\sill/ll 'p . no\' .  
T a n [!c n t i al ,cct io n .  KWÆ- I - 1 . 5 S m .  I'MO A-E I )2' 1 . x ) ( ) 

Sha llow l<ingc n t i a l  ,cction ,howing placc of lar!,!c no(k, ( arnm , l .  KWk- I --O . I S Ill . PMO A-l227-l. 

x2S . pctro!,!ra p h i c  t h i n  ,cction 
Shal low tangc n t i a l  ,cction ,howi n!,! ,tvkts i n  LOoccial apcrturc, ( a rrow, ) .  KWil '  1 --0 1 5 m .  P M O  
A-l2274. x-lO. petrographie t h i n  ,cct ion 
Tran wn,c ,cct i o n .  K W.4:- 1 - 1 . 5 5 m .  PMO A-l2 I S2 ' 2 .  x2) 

Longi t lldinal  ,,-,ct ion . KWÆ- I -O . I S m .  PMO A-l227-l. x25. pctro�ri lphic thin sec-t ion 
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Lvropora serissima sp. nov. 
Polishcd rock spccimcn showing the arched zoarium. KW Æ-I-I .S5 .  PMO A42 1 52 ,  x2 .S .  holotypc 
Transvcrsc scction of zooecial apertures [acing down. KW Æ-l- 1 .55m. PMO A42 1 52/2 . xlO 
Shallow tangential section showing very large nodes ( arrows). KW Æ-I-l ..'i.'im. PMO A42 1 .'i2/1 . 
x25 
Dccp tangential section with fenestruks almost c1med off by secondary calcification .  KWÆ-I-
1 . ,'i5m. PMO A42 152/ 1 .  x25 

Po/yporella boreali.\ ( Stuckenbcrg) 
Median tangential section with large nodes visiblc ( upper lett ) .  FES-IO-4.0m. A4209 1 .  x25 
Rock speeimen .  AKS-A-(l.()m. PMO 1 32 .074. x l . N 
Longitudinal ,cction . AKS-A-9.,'im. PMO 1 I1U)()(). x25 
Slightly oblique transvcrse scction showing heavy reversal calcification .  FES-I 0-4 .0m . A4209 1 .  
x25 
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Penniretepora sp.  B .  
Median tangential sectio n .  FES- ] (f.- 1 5 .llrn . P M O  1 3X . 07 7 .  x25 

Polvporella biarmica ( Kcyserling) 
Shallow to median deep tangential section. A KS-A-� . 5 m .  PMO 1 32 . 097 .  x25 
Decp tangential section . A K S-A-� . 5 m .  PMO 1 32 . 097.  x25 

Polvpora brevice/lata Bara nova 
Shallow tangenial  scction displaying a spott y surfacc . FES- l lf.- 1 5 . 01ll . PMO 1 3H . 079. x25 
Tangenial section . FES- 1 0- 1 S .Om. PMO nS.ms. x l O  

Polvpora martis Fischcr d e  Waldheim 
Very shallow scction showing large tuhcrcks ( arrows) hetwcen apertures. A KS-A-7.0m. PMO 
I l S . 055/4 .  x25 

Longitudinal scction . A KS-A-7 .0m. PMO I I S . OS5/3 .  x2'i 
Tangential section . A KS-A-7 .0m. PMO I I S .056. x l O  
Transverse scction . FES- I O-4.0m. PMO I I S . OX7. x2'i 
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1 6  
!'o!vpora fIlar/i.1 Fischn de \\ ,ddhelnl  
Median t a ngcntial  scct ion ,howing occlIrrenee of llvicc l l s  ( arrows ) ,  A KS-A- 7 , t hn ,  PMO I I K ,056, 

x2:' 

Dcep to n:vnsc tangc ntia l  section shO\\ i ng striatcd rCVl' rSl' side of branches, A KS--A-7 , t hn , 

P M O  I I K ,O:;",  x2:; 

Pr% re/epom sp,  A .  

Tangcn t ia l  scction.  K W  Æ- I -O . I :;m .  PMO A'+2273 . x I l l ,  pctrographic t h i n  scction 
Shal low tange ntia l  scction showing apertures indentin1! fcnestrll l e .  K W  Æ- l -O ,  I .� m .  P M O  
A.+2271 , x2:;. pctro1!raphic t h i n  scction 
Shal low tangential  scction showinl,! ovicelb ( a rrow ) .  KW!F- I - I I . 1 5 m ,  PMO A'+2271. x25 . petro
graphie t h i n  scction 
Decp tangcntial  section , KWÆ- I-O. 1 5 m ,  PMO A'+2273 . x25. pctrographic t h i n  scct ion 
Shal low tangcntial  section showing abllndant smal l  tllbcrclcs between apertures ( arrow ) .  K W /F

l-O. 1 5 m .  PMO A'+227 1 .  x.+O, pctrographic thin scction 
Shal low tangcntial  section showing scaltered l a ri!e tllberclcs betwccn apertllres ( a rf{)\\ ) . KW Æ-

1 -0 . 1 5 m ,  P M O  A'+2273 . x'+O , pctrographic t h i n  scction 
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