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A re cently in ves ti gated Zechstein Lime stone (Ca1, Wuchiapingian) bryo zoan fauna from the Pol ish part of the South ern
Perm ian Ba sin (SW Po land) is dom i nated vol u met ri cally and tax o nom i cally by fenestellids. In to tal six spe cies from five gen -
era are rec og nized, com pris ing two spe cies of trepostomes be long ing to Dyscritella Girty, 1911 and four fenestellids at trib -
uted to Kingopora Morozova, 1970, Kalvariella Morozova, 1970, Acanthocladia King, 1849 and Spinofenestella Termier and
Termier, 1971. The great est biodiversity of the bryo zoans in the Ca1 pro files stud ied is within the slope fa cies where large,
fan-shaped and fun nel-shaped re tic u late fenestellid col o nies up to 10 cm high dom i nate. In con trast, bryo zoans in the mar -
ginal (prox i mal) parts of the ba sin mostly com prise trepostomes, rep re sented by en crust ing plate-like or coil-shaped col o nies 
of Dyscritella Girty, and com monly bro ken branched col o nies of Acanthocladia King. The changes in the bi otic com po si tion
of the bryo zoans and the pres ence of a dom i nant col ony growth form in the strati graphi cal pro file of the Ca1 re flect the
depositional en vi ron ment and wa ter en ergy. These fac tors stim u late the suc ces sive stages of the de vel op ment of the biota
and their set tle ment, marked by the rich productid-fenestellid as sem blages typ i cal of the off shore set ting, with the max i mum
depth in the mid dle part of the Ca1 in the Grodziec Syncline. The prox i mal tempestites and fore shore fa cies of the up per part
of the Ca1 (Leszczyna Syncline) ter mi nate the sed i men tary cy cle of the Ca1, with the rem nant, bro ken bryo zoans of
Acanthocladia and fenestellids. The re la tion ship be tween the tax o nomic com po si tion, col ony growth-pat terns, as so ci ated
biota, and sed i men tary struc tures points to slow sed i men ta tion rate on slope and ba sin floor of the Ca1 car bon ate plat form.
The fenestellids which are dom i nated in the stud ied biota by the re tic u late and pin nate col o nies of Spinofenestella,
Kingopora, Kalvariella and Acanthocladia mark a close palaeo geo graphi cal link with the Zechstein (Ca1) bryo zoans of Great 
Brit ain, Ger many and the south ern Bal tic re gion. 

Key words: bryo zoans, Late Perm ian, Zechstein, tax on omy, ecol ogy.

INTRODUCTION

Perm ian bryo zoan fau nas are, in terms of over all com po si -
tion, rather sim i lar to those of the Car bon if er ous, a time when
bryo zoan abun dance and di ver sity were dom i nated by steno -
laemates of the or der Trepostomida Ulrich and Fenestellida
Astrova and Morozova. Due to their abun dance, tax o nom i cal
and mor pho log i cal dif fer en ti a tion, bryo zoans were im por tant
com po nents of shal low-ma rine Zechstein car bon ate en vi ron -
ments be fore the end-Perm ian global mass ex tinc tion (Gilmour
and Morozova, 1999).

Zechstein bryo zoans were first stud ied sys tem at i cally in the
19th cen tury in Ger many and NE Eng land by Schlotheim (1820)
and King (1850), re spec tively. Later work was un der taken by
Korn (1930), Dreyer (1961), Tay lor (1980, 1985), Southwood
(1985, 1990) and Ernst (2001a, b). The very first re cord of Zech -
stein fau nas from Lower Silesia (Fig. 1) was re ported by Geinitz
(1861–1862) and Langenham (1899). In ad di tion, the ear li est ref -
er ences to the oc cur rence of bryo zoans in the North Sudetic Ba -
sin are those of Riedel (1917), Gunia (1962), Morozova (1970)
and Raczyñski (1996). The most ex ten sive sys tem atic works on
Pol ish Zechstein bryo zoans were pub lished by K³ap ciñski (1971)
and K³apciñski and Karwowski (1981) from west ern Po land who
de scribed eight spe cies dom i nated by fenestellids. 

The great ma jor ity of the Zechstein spe cies come from Ger -
many where 17 spe cies be long ing to nine gen era of trepo -
stomes and fenestellids and one cyclostome were de scribed by
Ernst (2001a). Nev er the less, Late Perm ian (Zechstein) fau nas
ap pear to be not very rich com pared to the Early Perm ian coun -
ter parts de scribed from the Arc tic (Moro zova and Krutschinina,
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1986; Nakrem, 1994), and the United States (Zimmerman and
Cuffey, 1987), where more than 160 taxa have been re corded
(Gilmour and Morozova, 1999). 

This pa per gives the de tailed de scrip tion of the bryo zoan
fauna from the Zechstein Lime stone (Ca1) of SW Po land
(Fig. 1A) and dis cusses the palaeo eco logi cal im por tance and
dis tri bu tion of trepostomes such as cos mo pol i tan gen era of
Dyscritella Girty and fenestellids Spinofenestella Termier and
Termier, en demic Kalvariella Moro zova, as well as Kingopora
Morozova re stric ted to the North ern Hemi sphere and poly -
phyletic Acanthocladia King.

GEOLOGICAL SETTING AND STRATIGRAPHY

The study area is lo cated in the North Sudetic Ba sin (SW Po -
land) where Zechstein Lime stone (Ca1) de pos its are ex posed in
sev eral aban doned quar ries at Leszczyna, Kondratów, Grodziec 
and Nowy Koœció³ (Fig. 1B, C). Some spec i mens were also col -
lected in the south west ern part of the North Sudetic Ba sin in the
Lwówek Œl¹ski Syncline, from the lower part of the Ca1 (Goœci -
szów, Nawojów Œl¹ski and ̄ arska Wieœ; Fig. 1B). Ma rine wa ters
of the Zechstein Sea rap idly trans gressed over the pres ent day
North Sea in Late Perm ian into the North ern Perm ian Ba sin and
South ern Perm ian Ba sin through a strait lo cated be tween Scan -
di na via and Green land ca. 258,5 Ma ago (Gradstein et al., 2012;
Kiersnowski 2013), re sult ing in the de po si tion of thick (<1800 m)
evaporite- car bon ate se quences. At pres ent the Lower Zechstein 
out crops in Po land are only lo cated at the mar gins of the SPB, in
its south west ern and south ern parts. The Lower Zechstein rocks
crop ping out in SW Po land form a rel a tively nar row zone in the
outer part of the North Sudetic Ba sin, a rem nant of a Late Pa leo -
zoic intramontane trough formed as a re sult of the Variscan
orog eny and sub se quently tec toni cally re ac ti vated in the Late
Cre ta ceous when sev eral lo cal syn clines were formed (e.g.,
Raczyñski, 2010). Zechstein de pos its within the Pol ish part of the 
SPB over lie Up per Rotliegend con glom er ates and sand stones
mostly con sist ing of flu vial, fan and mi nor ae olian de pos its
(Kiersnowski et al., 2010). The Zechstein sec tion within the North 
Sudetic Ba sin is con densed and formed by de pos its of the first
(PZ1 = 50 to 120 m thick) and third (PZ3 <15 m thick) Zechstein
cy cles (Ta ble 1; Peryt, 1978). The low est part of the PZ1 cy cle is
rep re sented by fa cies sim i lar to those of the shal low-wa ter cop -
per-bear ing claystones of the Kupferschiefer, which com monly
con tain con ti nen tal plant re mains in ad di tion to ma rine bi valves
and the in ar tic u late brachi o pod Lingula. This fa cies rep re sents
the lower part of Ca1 de pos its (Biernacka et al., 2005). All Ca1
de pos its are usu ally 20 to 40 m thick and were de pos ited in a
nar row (20–30 km) and long (~100 km), WNW–ESE strik ing la -
goon also as so ci ated with tidal flat and oolitic-oncolitic shoal en -
vi ron ments (Raczyñski, 1997). The PZ1 de pos its are over lain by
PZ3 Platy Do lo mite (Ca3) car bon ates (10–15 m thick) which
con sist of shal low-wa ter fa cies con tain ing Calcinema to gether
with bi val ves and gas tro pods. The car bon ates are over lain by
heterolithic de pos its of the Perm ian to Tri as sic tran si tional se ries
which form the youn gest Zechstein de pos its in the study area.

The Ca1 sec tions con sist of ca. 10–40 m thick lime stone-
 marl se quences (Fig. 2). The over all fa cies as so ci a tions in the
study area are given in Ta ble 2 and these are: basal con glom er -
ate, basal lime stone, mot tled marls, cop per- and lead-bear ing
marls, mas sive lime stones with claystones, and sand stones. Of 
note is a con sid er able part of the Ca1 suc ces sion formed of
tempestite de pos its (Figs. 2 and 3), which rep re sent the near -
shore part of the car bon ate plat form. The tempestites in the
lower part of the Ca1 are dis tal, whereas those higher in the

suc ces sion are prox i mal (Ta ble 1). Most of the stud ied bryo -
zoan fauna de rives from mot tled, lead-bear ing and cop per-
 bear ing marls of the Grodziec sec tion (Fig. 2), and is dom i nated 
by the re tic u late fenestellid bryo zoans Kingopora baderi Ernst
(Figs. 4J–M, 5A and 6) and Spinofenestella geinitzi (d’Orbigny)
(Figs. 5H–L and 7). The fam ily Acanthocladiidae Zittel is also
well-rep re sented by Kalvariella typica Morozova (Fig. 5B, C)
and  Acanthocladia anceps (Schlotheim) (Figs. 5D–G, 8 and
9C). Trepostomes be long ing to the fam ily Dyscrite llidae are
rep re sented by Dyscritella tubulosa Morozova (Figs. 4A–F and
9A) and D. microstoma Ernst (Figs. 3, 4G–I and 9B1, B2).

Al though the dis tri bu tion of the bryo zoans in the marly cal -
car e ous se ries (mot tled, cop per- and lead- bear ing marls) of the 
Ca1 is patchy this group is ac com pa nied by a rich shal low-wa ter 
biota rep re sented by molluscs, gas tro pods, brachi o pods, fora -
minifers and ostracods (Raczyñski, 1996), which aid in ter pre ta -
tion of the palaeo ec ol ogy of the bryo zoans (Mastalerz and
Raczyñski, 1993; Raczyñski, 1996). 

MATERIAL AND METHODS 

The Zechstein bryo zoan ma te rial was col lected dur ing
1990–1996 from seven lo cal i ties spread over a dis tance of ca.
150 km within the North Sudetic Ba sin of SW Po land: Grodziec,
Goœciszów, Nawojów Œl¹ski, ¯arska Wieœ, Leszczyna, Nowy
Koœció³ and Lwówek Œl¹ski (Fig. 1B). The Grodziec lo cal ity
yielded the rich est bryo zoan fau nas. Of to tal 300 sam ples,
forty-one were se lected from three out crops of the Zechstein
Lime stone (Ca1) for de tailed tax o nom i cal bryo zoan stud ies.
The twenty-four in ves ti gated sam ples were taken from the
lower and up per part of the Ca1, of the Grodziec Syncline,
which forms the most ax ial part of the North Sudetic Ba sin (Fig.
1C), from mot tled marls through cop per-bear ing marls to the
lead-bear ing beds (Ta ble 1 and Fig. 2). Six in ves ti gated sam -
ples were col lected in the Leszczyna Syncline (Leszczyna and
Leszczyna-Kondratów) from the up per part of the Ca1, and 3
sam ples from the lower part of the Ca1 (mot tled marls, Nowy
Koœció³). Eight sam ples were col lected from the lower part of
the Ca1 (un sep a rated equiv a lent of marl-lime stone sec tion of
the Ca1 pro file, be tween mot tled-lead bear ing marls) in the
Lwówek Œl¹ski Syncline (lo cal i ties: Goœciszów, Nawojów Œl¹ski 
and ¯arska Wieœ; Fig. 1C).

Most of the in ves ti gated bryo zoans are em bed ded in well-
 ce mented ma trix, but some sam ples ex pose large and well-pre -
served col o nies on bed ding planes that also al low to study of
their ex ter nal mor phol ogy. In ter nal mor phol ogy was stud ied in
thin sec tions made from twenty-five ori ented pol ished sur faces. 

Some of the spec i mens were in ves ti gated us ing a Philips
XL-20 SEM. These were coated with the pure plat i num and im -
aged with sec ond ary elec trons. All spec i mens were ex am ined
with a Wild M10 bin oc u lar mi cro scope equipped with plano -
chromatic ob jec tive 1.0x. Mea sure ments of all fea tures (Ta bles
2–7) were made us ing an eye piece mi crom e ter af fixed to the
mi cro scope. Five to thirty mea sure ments of each fea ture were
taken in most of the spec i mens.

Holotype and lectotype ma te ri als are de pos ited in the fol -
low ing in sti tu tions: Senckenberg Mu seum, Frank furt; Paleonto -
logical In sti tute of the Acad emy of Sci ences, Mos cow; and Mu -
seum for Nat u ral Sci ences, Cen tral In sti tute of the Humboldt-
 Uni ver sity, Berlin. 

De scribed and il lus trated ma te rial which de rived from the
sam ples of the num bers ING Uwr PR/Z/Bry/Ca1/1-41 is ar -
chived by the Wroc³aw Uni ver sity Mu seum, In sti tute of Geo log i -
cal Sci ences. 
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Fig. 1. Lo ca tion (A) and a close-up view (B) of the study area: fa cies dis tri bu tion of the Zechstein Lime stone 
in the South ern Perm ian Ba sin (up dated af ter Buniak et al., 2007; Peryt et al., 2010); C – sim pli fied geo log i cal

map of the North Sudetic Ba sin with the Zechstein Lime stone sec tions stud ied (rect an gles)

C – Pt – Pro tero zoic, Cm+O – Cam brian + Or do vi cian, O+C1 – Or do vi cian + Lower Car bon if er ous, C2 – Car bon if er ous, 
P1 – Lower Perm ian, P2 – Up per Perm ian (Zechstein), T1 – Lower Tri as sic, Cr2 – Up per Cre ta ceous;

black solid lines are main faults 



SYSTEMATIC DESCRIPTIONS

Phy lum BRYOZOA Ehrenberg, 1831
Class STENOLAEMATA Borg, 1926
Or der TREPOSTOMIDA Ulrich, 1882

Fam ily DYSCRITELLIDAE Dunaeva and Morozova, 1967

Dyscritella Girty, 1911

Type spe cies: Dyscritella robusta Girty, 1911; 
Lower Car bon if er ous; North Amer ica

D i a g n o s i s. – Dendroid and en crust ing col o nies with
abun dant acanthostyles and exilazooecia. Autozooecia par al lel 
to lon gi tu di nal di rec tion of the col ony in endozone; grad u ally
arch ing out wardly in exozone. Di a phragms in autozooecia ab -
sent or very rare; ab sent in exilazooecia. Exilazooecia cir cu lar
to an gu lar in cross-sec tion and sep a rated from the autozooecia
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T a  b l e  1

Lithostratigraphy of the Zechstein in the study area (mod i fied af ter Raczyñski, 2010)

Lithostratigraphy
Li thol ogy Depostional en vi ron mentZechstein

cy cle Lo cal se ries

PZ 4-PZt sandy-muddy-clayey se ries red muddy sed i ments with thin beds of sand stone and clay;
5–15 m thick

muddy la goon,
coastal zone 

PZ 3 Platy Do lo mite white and grey do lo mite, micritic, gran u lar and oolitic; 
2–12 m thick

shal low shelf, nearshore 
car bon ate plat form

PZ1

A1

septarian shales red clayey-muddy sed i ments with thin beds of sand stones and 
lime stone con cre tions; 8–15 m thick 

muddy la goon, 
coastal zone 

sand stones
red and yel low clayey-muddy sed i ments, with thin beds of
fine-grained sand stone; rip ple cross-lam i nated sand stone;

3–30 m thick

shal low wa ter,
beach, coast

Ca1

mas sive
 lime stones

with
claystones

sandy 
lime stones

yel low and grey, thinly and me dium bed ded sandy lime stone
and cal car e ous sand stone; 6 m thick nearshore la goon

claystones with 
lime stones

red and yel low clayey-muddy sed i ments with thin beds
of lime stone; 3 m thick 

nearshore la goon,
deeper part

oolitic
 lime stones

lam i nated light grey oolitic and oncolitic lime packstone and
grainstone, oncoids <0.5 cm in di am e ter in the up per part,
lower part con tains ooids, car bon ate intraclasts, laminae 
com posed of quartz grains also oc cur, pla nar and cross-

bed ding, bioclasts (bi valves, gas tro pods); 1.5 m thick

nearshore oolitic shoal

mas sive 
lime stones

sandy lime stone, hor i zon tally and hummocky-crossed 
strat i fied, bioclastic packstone: abun dant foraminifera, brachi o -

pods, echinoids, bryo zoans (in the mid dle part: frag ments of
Acanthocladia and fenestellids) and bi valves, bioclasts are
rep re sented pre dom i nantly by a Bakevellia, Schizodus and

Permophorus as sem blage, tempestites; 6 m thick

prox i mal tempestite,
shal low wa ter: be tween
nor mal and storm wave
base (HCS – hummocky
cross-strat i fi ca tion) and

above nor mal wave base

lead-bear ing marls

grey marly lime mudstone with in ter ca la tions of dark marls,
pass ing up ward into sandy lime stone which are hor i zon tally

and hummocky-cross strat i fied; in gen eral, the fauna is rep re -
sented by abun dant foraminifera, brachi o pods, echinoids,

bryo zoans (Dyscritella, Acanthocladia, Spinofenestella), and
bi valves (Bakevellia, Permophorus), some fos sils are min er al -

ized with cop per, lead and/or zinc sulphides; 2.8 m thick

dis tal tempestite 
(lime stone, marls), shelf
(mudstone); be low storm

wave base

cop per-bear ing marls

grey and dark grey clayey marls and marly lime stones, rare
bioclasts of bi valves Bakevellia and Permophorus, bryo zoans

(Dyscritella, Acanthocladia) and brachi o pods all com monly
min er al ized with cop per sulphides; 1.5 m thick

dis tal tempestite 
(lime stone, marls), 
shelf (mudstone); 

be low storm wave base

mot tled marls

dark grey marls and lime stones, mot tling as so ci ated with red
patches (up to 40% of to tal bed thick ness), coquinas: brachi o -

pods, bryo zoans (in the lower part: Dyscritella, Kingopora,
Kalvariella, Acanthocladia, ostracods, gas tro pods,

foraminifera and bi valves such as Bakevellia, Schizodus and
Permophorus; in up per part 0.4m lime packstones rich in

Horridonia, bryo zoans: Spinofenestella, Kingopora;
0.5 m thick; thick ness of the ho ri zon <4 m 

open shelf; be low storm
wave base

dis tal tempestite 
(lime stone, marls),
shelf (mudstone);

be low storm wave base

basal lime stone
grey and pur ple lime mudstone, me dium and thickly bed ded,
mas sive, rare fos sils, hor i zon tal and wavy bed ding, lo cally

interbedded with oolitic lime stone; <1 m thick
closed la goon

S1

pink and grey polymictic con glom er ate, me dium and thickly
bed ded, rare sand stone and con glom er ate sand stone with

fos sils, in dis tinct nor mal and par al lel bed ding, lo cally in con -
glom er ates are peb bles of quartz, por phyry and schists;

1 m thick

Rotliegend con glom er ates
re worked dur ing
 trans gres sion

 of the Zechstein Sea

Up per Rotliegend

red and pink polymictic con glom er ate, me dium and thickly
bed ded, in dis tinct nor mal and par al lel bed ding, peb bles of

quartz, por phyry and schists, lo cally car bon ate ce men ta tion
caliche-type; >10 m thick

flu vial, al lu vial fan

In for mal sub unit of mas sive lime stones and claystones is pro posed herein as a sub sti tute for Mid dle Zechstein lime stones; PZ 1, 3, 4 –
Zechstein cy cle 1, 3, 4; A1 – Werra Anhydrite; Ca1 – Zechstein Lime stone, S1 – basal con glom er ate, PZt – tran si tional se ries
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and from each other by thick walls. Two sizes of acanthostyles
may be pres ent: large with few per autozooecia, and small with
sev eral around each autozooecium. Zooecial walls thin in
endozone, rap idly thick en ing in the exozone.

C o m p a r i s o n. – Dyscritella Girty, 1911 dif fers from
Dyscritellina Morozova, 1967 by the rar ity or ab sence of di a -
phragms and less dif fer en ti ated acanthostyles.

O c c u r r e n c e. – Car bon if er ous to Tri as sic; cos mo pol i -
tan.

Dyscritella tubulosa Morozova, 1970
Figs. 4A–F, 9A and Ta ble 2

1970 Dyscritella tubulosa Morozova – Morozova (1970), p. 121, pl. 19, fig. 1.
2001 Dyscritella tubulosa Morozova, 1970 – Ernst (2001a), p. 139, pl. 1, figs. 1, 2.

H o l o t y p e. –  No. 2343/122; Paleontological In sti tute of
the Acad emy of Sci ences, Mos cow; Up per Perm ian, Zechstein; 
Lith u a nia.

M a  t e  r i a l   e x  a m  i n e d. – Grodziec (Grodziec Syn -
cline) sam ples num bered ING UWrPR/Z/Bry/Ca1/15, 24 and
Lwówek Œl¹ski Syncline ING UWrPR/Z/Bry/Ca1/30; thin-sec -
tions of the sam ples ING UWrPR/Z/Bry/Ca1/15, 24.

D e s c r i p t i o n. – En crust ing col o nies, 0.48–0.66 mm
thick. Autozooecial ap er tures po lyg o nal, 7–9 per 2 mm (in each
di rec tion) and 12–18 ap er tures per 1 mm2 at the col ony sur face. 
Di a phragms ab sent both in autozooecia and exilazooecia.
Walls in the endozone 0.01–0.015 mm thick, fi brous, in the
exozone 0.02–0.04 mm thick and obliquely lam i nated.
Acantho styles large, abun dant, with dis tinct cal cite cores.
Cores are 0.015–0.025 mm in di am e ter and run through out the
exozone. Usu ally 1–5 acanthostyles sur round each auto -
zooecial ap er ture, 18–40 spaced per 1 mm2 at col ony sur face,
of ten in flect ing into the autozooecia. Exilazooecia short, po lyg o -
nal in cross- sec tion, rare, or ab sent. Maculae con sist ing of larger
autozooecia.

C o m p a r i s o n. – Discritella tubulosa is closely re lated
to  D. incrustata Morozova, 1970 and D. microstoma Ernst,
2001. It dif fers from D. incrustata (Morozova, 1970) by the
smaller and weakly dif fer en ti ated acanthostyles in the lat ter,
and from D. microstoma which has larger and more loosely ar -
ranged ap er tures and fewer acanthostyles.

O c c u r r e n c e. – Ca1, Up per Perm ian, Grodziec and
Lwówek Œl¹ski syneclises, North Sudetic Ba sin, SW Po land;
Thuringia (Ger many; Ernst, 2001a) and Lith u a nia (Morozova,
1970). 

Dyscritella microstoma Ernst, 2001
Figs. 3, 4G–I, 9B and Ta ble 3

2001 Dyscritella microstoma Ernst – Ernst (2001a), p. 139, pl. 1, figs. 3–5.

H o l o t y p e. – SMF 1601; Senckenberg Mu seum, Frank -
furt (Main).

M a  t e  r i a l  e x  a m  i n e d. – Grodziec (Grodziec
Syncline) sam ples num bered ING UWrPR/Z/Bry/Ca1/11, 19, 23
and Lwówek Œl¹ski Syncline sam ples ING UwrPR/Z/Bry/Ca1/25, 
and Nowy Koœció³ sam ples ING UWrPR/Z/Bry/Ca1/41; the thin
sec tions of the sam ples ING UWrPR/Z/Bry/Ca1/19, 23, 41.

D e s c r i p t i o n. – En crust ing col o nies 0.24 to 0.31 mm
thick. Autozooecial ap er tures po lyg o nal in cross-sec tion, 7–12
ap er tures per 2 mm (in each di rec tion) and 21–27 ap er tures in
1 mm2 at col ony sur face. Walls in the endozone 0.01 mm thick
and structureless, in the exozone 0.01–0.025 mm thick and
obliquely lam i nated. Exilazooecia po lyg o nal in cross-sec tion,
rare, or ab sent. Di a phragms in autozooecia rare. Acanthostyles 
large, abun dant, with dis tinct, 0.01–0.025 mm wide cal cite

cores in cross-sec tion, 50–52 spaced per 1 mm2 on col ony sur -
face, of ten deeply in flect ing autozooecia. Acanthostyle cores
pres ent through out the exozone, 4–7 acanthostyles sur round
each ap er ture.

C o m p a r i s o n. – Dyscritella microstoma Ernst, 2001
dif fers from D. tubulosa in hav ing smaller autozooecia, thin ner
walls as well as smaller and more abun dant acanthostyles.

O c c u r r e n c e. – Ca1, Up per Perm ian, Grodziec (lower
and up per part of Ca1), Lwówek Œl¹ski syn clines (lower part of
Ca1), Leszczyna Syncline (lower part of Ca1), North Sudetic
Ba sin, SW Po land. This spe cies was orig i nally de scribed from
the Ca1 of Ger many (Ernst, 2001a). Dyscritella microstoma has 
been re corded from the Zechstein Main Do lo mite (Ca2) in the
NE part of Ger many (Rugen Is land) and the west ern and north -
ern parts of Po land (Pogorzela 2 well, Fore-Sudetic Monocline;
as well as Unis³aw IG 2 in Pomerania; Hara et al., 2009). Re -
corded also from Thuringia and Hessen and Lith u a nia (Ger -
many; Ernst, 2001a).

Or der FENESTELLIDA Astrova and Morozova, 1956
Suborder FENESTELLINA Astrova and Morozova, 1956

Fam ily Acanthocladiidae Zittel, 1880
Kingopora Morozova, 1970

Type spe cies: Gorgonia ehrenbergi Geinitz 1846, 
Up per Perm ian, Zechstein, Thuringia

C o m p a r i s o n. – Kingopora dif fers from Reteporidra
Nickles and Bassler, 1900 in hav ing fewer rows of autozooecia
on the branches join ing through anas to mo ses rather than by
dis sepi ments.

O c c u r r e n c e. – Lower Perm ian of the Arc tic [K.
micropora (Stuckenberg, 1895), K. exigua Krutchinina, 1986 in
Morozova and Krutchinina, 1986]; Mid dle Perm ian (Kazanian)
of the Rus sian Plate K. parvifenestrata Morozova, 1970; Up per
Perm ian of North Amer ica, Ger many and Eng land [K.
ehrenbergi (Geinitz, 1861)]. 

Kingopora baderi Ernst, 2001
Figs. 4J–M, 5A, 6 and Ta ble 4

2001 Kingopora baderi Ernst – Ernst (2001a), p. 144, pl. 4, fig. 6, pl. 5, figs. 1–4.
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Fig. 3. Bioclastic packstone (dis tal tempestites) show ing an as -
so ci a tion of the Dyscritella bryo zoan col ony (By) en crust ing bi -
valve shells (Bi), ostracods (Os), and foraminifers (Fo); mot tled
marls, ING UWr/PR/Z/Bry/Ca1/41, Leszczyna Syncline, North
 Sudetic Ba sin



Bryozoans (trepostomes and fenestellids) in the Zechstein Limestone (Wuchiapingian)... 423

Fig. 4A–F – Dyscritella tubulosa Morozova, 1970 (A – cross-sec tion of the tu bu lar col ony; B – lon gi tu di nal sec tion of the col ony; C – 
tan gen tial sec tion of the col ony; D – lon gi tu di nal sec tion of the col ony dis play ing wall struc ture in exozone; E, F – tan gen tial sec -
tion of the col ony, dis play ing autozooecial ap er tures, acanthostyles and exilazooecia; A, B, D – spec i men ING UWr
PR/Z/Bry/Ca1/24, lead-bear ing marls; C, E, F – spec i men ING UWr/PR/Z/Bry/Ca1/15, mot tled marls); G–I –  Dyscritella microstoma
Ernst, 2001 (G – cross-sec tion of an en crust ing col ony; H, I – tan gen tial sec tion of the col ony; G–I spec i men ING
UWrPR/Z/Bry/Ca1/19, lower part of the Ca1, copper-bear ing marls); J–M – Kingopora baderi Ernst, 2001 (J – re verse side of the col -
ony; K – re verse side of the col ony, dis play ing microacanthostyles; L, M – tan gen tial sec tion of the col ony dis play ing ap er tures
and autozooecial cham bers; J–M – spec i men ING UWr PR/Z/Bry/Ca1/15, mot tled marls); A–M – Grodziec (Grodziec Syncline)
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Fig. 5A – Kingopora baderi Ernst, 2001, cross-sec tion of the branches; B, C – Kalvariella typica Morozova, 1970, tan gen tial thin
sec tion of the branch; D–G – Acanthocladia anceps (Schlotheim, 1820) (D – deep tan gen tial sec tion of the branch; A–D – spec i -
men ING UWr/PR/Z/Bry/Ca1/15, mot tled marls; E – tan gen tial sec tion of the branch; F – tan gen tial sec tion of the branch; E, F –
spec i men ING UWr PR/Z/Bry/Ca1/38, cop per-bear ing marls; G – polymorph zooid with ovicell cham ber, spec i men ING
UWr/PR/Z/Bry/Ca1/15, mot tled marls); H–L – Spinofenestella geinitzi (d’Orbigny, 1850) (H – frag ment of the col ony, tan gen tial
thin sec tion; I, J – tan gen tial thin sec tion, spec i men ING UWr PR/Z/Bry/Ca1/13, lower part of the lead-bear ing marls; K, L – tan -
gen tial thin sec tion; H, K, L – spec i men ING UWr PR/Z/Bry/Ca1/24, lead-bear ing marls); A–L – Grodziec (Grodziec Syncline)



H o l o t y p e. – SMF 1609b; Senckenberg Mu seum, Fran -
k furt.

M a  t e  r i a l   e x  a m  i n e d. – Grodziec (Grodziec Syn -
cline), Zechstein Lime stone: sam ple ING UWrPR/Z/Bry/Ca -
-1/15; a thin sec tion of the sam ple ING UWrPR/Z/Bry/Ca1/15,
mot tled marls.

D e s c r i p t i o n. – Small fun nel-shaped col ony up to
2 cm high. Ap er tures open on outer side of the col ony sur face.
Branches undulose and joined mostly by dis sepi ments, oval
shaped in cross-sec tion. Fenestrules oval and of ten ex tremely
nar row. Autozooecia ar ranged in 2, 3 rows on the branches, the 
third row usu ally de vel oped prox i mal to bi fur ca tions. Dis sepi -
ments usu ally with out autozooecia. Autozooecial ap er tures 3, 4 
per fenestrule length, cir cu lar to oval with low peristomes. Low
keel with long spines be tween ap er tures. Microacanthostyles ir -
reg u larly spaced over the en tire sur face of the col ony,

0.015–0.035 mm in di am e ter, grow ing from the gran u lar layer
and pass ing through the outer lam i nar skel e ton to the col ony
sur face. Outer lam i nar skel e ton weakly de vel oped.

I n  t e  r i o r  d e s c r i p t i o n. – Autozooecia box- sha -
ped, short, high, hav ing po lyg o nal shape in the mid tan gen tial
sec tion, elon gate par al lel to branch length; ap er ture po si tioned
at dis tal to dis tal-abaxial end of cham ber. Ves ti bule usu ally
short. Both su pe rior and in fe rior hemisepta ab sent. 

C o m p a r i s o n. – This spe cies dif fers from all spe cies of 
the ge nus Kingopora in the closely spaced  autozooecia in two
rows on the branches, smaller di men sions of the col ony and
long spines on the keel.

O c c u r r e n c e. – Ca1, Up per Perm ian, Grodziec (Gro -
dziec Syncline), North Sudetic Ba sin, SW Po land. Re corded
from the bed ded fa cies of the Zechstein Lime stone of Thuringia
and Lower Sax ony (Ger many) (Ernst, 2001a).
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Fig. 6A – Kingopora baderi  Ernst; A – part of the fun nel-shaped reteporiform col ony em bed ded into a sed -
i ment in the in te rior of the large brachi o pod shell of Horridonia horrida (Sowerby), ING UWr/PR/Z/Ca -
-1/Bry/30, ¯arska Wieœ, Lwówek Œl¹ski Syncline; B – part of the retiform col ony, show ing the oval
fenestrules, ING UWr/PR/Z/Ca1/Bry/15, mot tled marls (Grodziec, Grodziec Syncline)

Fig. 7. Weath ered frac ture in the dark, lead-bear ing marls show -
ing the bro ken re tic u lated zoaria of Spinofenestella geini tzi
(d’Orbigny), ac com pa nied by small frag mented branches of
acanthocladiids (ar rows), ING UWr/PR/Z/Ca1/Bry/23, lead-bear -
ing ho ri zon (Grodziec, Grodziec Syncline)

Fig. 8. A weath ered top sur face of sandy lime stones with the
bro ken frag ments of the nu mer ous col o nies of Acanthocladia
anceps (ar rows), ac com pa nied by a few zoaria of fenestellids,
ING UWr/PR/Z/Ca1/Bry/3, up per part of the Ca1 (Leszczyna,
Leszczyna Syncline)



Subfamily Acanthocladiinae Zittel, 1880
Kalvariella Morozova, 1970

1930 Pinnatopora waltheri (pars Korn) – Korn (1930), p. 371, 372 [partim].
1970 Kalvariella Morozova – Morozova (1970), p. 242.
2001 Kalvariella Morozova, 1970 – Ernst (2001a), p. 145, 146.
2001 Kalvariella Morozova, 1970 – Morozova (2001), p. 78, 79.

T y p e  s p e  c i e s. – Kalvariella typica Morozova, 1970.
Up per Perm ian, Lith u a nia.

D i a g n o s i s. – Col o nies con tain ing main branches and
sec ond ary branches. Autozooecia ar ranged in two rows on the
main branch and in 3–4 rows on sec ond ary branches. Keel on
the main branch (Morozova, 1970).

C o m p a r i s o n. – Kalvariella dif fers from Acanthocladia
in hav ing two rows of autozooecia on the main branches.

O c c u r r e n c e. – Up per Perm ian, Zechstein of Ger -
many, Eng land, Po land.

426 Urszula Hara, Miros³aw S³owakiewicz and Pawe³ Raczyñski

Fig. 9A – cup-shaped col o nies of the ge nus Dyscritella tubulosa Morozova, with the ac com pa ny ing col ony of
acanthocladiid on the right; in the back ground the shelly re mains of the brachi o pods are seem, lower part of the
Ca1, ING UWr/PR/Z/Ca1/Bry/30, ̄ arska Wieœ (Lwówek Œl¹ski Syncline); B1 – en crust ing col ony of the Dyscritella
microstoma Ernst over grow ing the long spines of a brachi o pod of Horridonia horrida (Sowerby); B2 – SEM im -
age of the zoarial sur face of the same col ony show ing the ir reg u larly-shaped po lyg o nal autozooecia sur rounded
by 1 to 5 acanthostyles, ING UWr/PR/Z/Ca1/Bry/11, lower part of the Ca1 (cop per-bear ing marls), Grodziec
(Grodziec Syncline); C – bro ken col o nies of the Acanthocladia anceps show ing mostly the dis tal parts of the col -
o nies rest ing on the sub stra tum, ING UWr/PR/Z/Ca1/Bry/31, ¯arska Wieœ, lower part of the Ca1 (Lwówek Œl¹ski
Syncline)

T a  b l e  2

Mea sure ments of Dyscritella tubulosa Morozova 
(two col o nies) 

N X SD CV MIN MAX

Ap er ture
width 29 0.202 0.0215 10.6624 0.168 0.240

Acanthostyle
di am e ter 30 0.045 0.0051 11.1930 0.035 0.055

Exilazooecia
width 16 0.060 0.0244 40.7113 0.025 0.125

Acanthostyles 
per ap er ture 25 3.440 1.1576 33.6507 1.000 5.000

Exozonal wall 
thick ness 10 0.028 0.0071 25.0477 0.020 0.040

N – to tal num ber of mea sure ments, X – arith me tic mean, SD – stan dard 
de vi a tion, CV – co ef fi cient of vari ance, MIN – small est mea sure ment,
MAX – larg est mea sure ment; mea sure ments in mm, ex cept for quan ti -
ta tive pa ram e ters



Kalvariella typica Morozova, 1970
Fig. 5B, C and Ta ble 5

1930 Pinnatopora waltheri (pars) Korn – Korn (1930), p. 372, 373, pl. 35, fig. 18.
1970 Kalvariella typica Morozova, 1970 – Morozova (1970), p. 242, 243, pl. 58,
fig. 6.
2001 Kalvariella typica Morozova, 1970 – Ernst (2001a), p. 146, pl. 6, figs. 1–4.

H o l o t y p e. – 2343/7; Paleontological In sti tute, Mos cow. 
Up per Perm ian, Zechstein, Lith u a nia.

M a  t e  r i a l  s t u d i e d. – Grodziec (Grodziec Syncline),
sin gle spec i men in the sam ple num bered ING UWrP -
-R/Z/Bry/Ca1/15, mot tled marls.

D e s c r i p t i o n. – Pin nate col ony con sist ing of straight
main branch with sec ond ary branches. Main branch
0.44–0.49 mm wide, sec ond ary branches 0.36–0.54 mm wide,
di verg ing at an gles of 63–86°(av er age 76.8°) from the main
branch, 3–4 spaced per 5 mm along the main branch on each
side. Autozooecia ar ranged on the main branch in two and on
the sec ond ary branches in 3–4 rows. Ap er tures cir cu lar to oval,
18 spaced per 5 mm of the branch length. Wide keel with small
el lip ti cal nodes be tween the rows of autozooecial ap er tures on
the main branch. Abun dant microstyles, 0.005–0.015 mm in di -

am e ter, reg u larly spaced at dis tances of 0.005–0.02 mm. Poly -
morphs com pris ing in ferred brood ing zo oids with ovicells at the
dis tal end of the ves ti bule. The ovicells are 0.18–0.216 mm in
di am e ter.

I n  t e  r i o r   d e s c r i p t i o n. – Autozooecia rect an gu lar 
on the main branch and hex ag o nal on the sec ond ary branches
in mid tan gen tial sec tion; elon gate par al lel to branch length; ap -
er ture po si tioned at dis tal to dis tal-abaxial end of cham ber. Su -
pe rior hemisepta weakly de vel oped; in te rior hemisepta ab sent.

O c c u r r e n c e. – Zechstein Lime stone, Up per Perm ian, 
Grodziec (Grodziec Syncline), North Sudetic Ba sin, SW Po -
land. Re corded by Ernst (2001a) from the Zechstein of Ger -
many, as well as from Eng land and Lith u a nia (Morozova, 2001).

Acanthocladia King, 1849

1850 Acanthocladia King, 1849, p. 48.
1861 Acanthocladia King, 1849 – Geinitz (1861), p. 119.
1930 Acanthocladia King, 1849 – Korn (1930), p. 369.
1930 Thamniscus King, 1849 – Korn (1930), p. 364, 365 [partim].
1961 Acanthocladia King, 1849 – Dreyer (1961), p. 21, 22.
1970 Acanthocladia King, 1849 – Morozova (1970), p. 239.
2001 Acanthocladia King, 1849 – Ernst (2001a), p. 146.
2001 Acanthocladia King, 1849 – Morozova (2001), 77, 78.

T y p e  s p e  c i e s. – Keratophytes anceps Schlotheim
1820; Up per Perm ian, Thuringia, Glücksbrunn.

D i a g n o s i s. – Col o nies con sist ing of main branches
with sec ond ary branches. Autozooecia ar ranged in three or
more rows both on main and sec ond ary branches, rect an gu lar
to hex ag o nal in mid tan gen tial sec tion. Su pe rior hemisepta
weakly de vel oped; in fe rior hemisepta ab sent. Ap par ent re pro -
duc tive poly morphs in form of iso lated zooecia with en larged
prox i mal endozonal cham bers are com mon. 

O c c u r r e n c e. – Up per Perm ian, lower part of the Ca1
(reefal fa cies) in Ger many, Eng land, Po land, Lith u a nia and
Rus sia.

Acanthocladia anceps (Schlotheim, 1820)
Figs. 5D–G, 8, 9C and Ta ble 6

1820 Keratophytes anceps Schlotheim – Schlotheim (1820), p.341, 342.
1848 Fenestella anceps (Schlotheim 1820) – Geinitz (1848), p. 18, pl. 7, figs. 22,
23, [non figs. 19–21].
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T a  b l e  3

Mea sure ments of Dyscritella microstoma Ernst
(three col o nies)

N X SD CV MIN MAX

Ap er ture
width 15 0.167 0.0270 16.1550 0.120 0.204

Acanthostyle
di am e ter 15 0.043 0.0096 22.3235 0.030 0.055

Exilazooecia
width 10 0.055 0.0151 27.4406 0.035 0.075

Acanthostyles 
per ap er ture 10 5.500 0.8498 15.4516 4.000 7.000

Exozonal wall 
thick ness 10 0.019 0.0047 25.6401 0.010 0.025

For ex pla na tions see Ta ble 2

T a  b l e  4

Mea sure ments of Kingopora baderi Ernst (two col o nies)

N X SD CV MIN MAX

Branch width 10 0.295 0.0434 14.7025 0.240 0.350

Dissepiment width   8 0.378 0.0740 19.5696 0.276 0.528

Fenestrule length 10 0.611 0.0384   6.2909 0.550 0.690

Fenestrule width 10 0.409 0.0618 15.1089 0.336 0.528

Dis tance be tween dissepiment cen tres 10 0.918 0.0839   9.1399 0.780 1.020

Dis tance be tween branch cen tres 10 0.705 0.0495   7.0209 0.600 0.750

Ap er ture width   7 0.103 0.0117 11.3855 0.084 0.120

Node di am e ter 10 0.070 0.0113 16.1416 0.054 0.084

Dis tance be tween node cen tres   6 0.354 0.0367 10.3684 0.310 0.420

Autozooecial cham ber depth   7 0.168 0.0227 13.5029 0.130 0.200

Branch thick ness 10 0.324 0.0310   9.5547 0.290 0.360

Max i mal autozooecial cham ber width 10 0.129 0.0095   7.3541 0.120 0.144

Ves ti bule length   5 0.132 0.0306 23.1774 0.096 0.180

Microacanthostyle di am e ter 10 0.025 0.0058 23.0940 0.015 0.035

For ex pla na tions see Ta ble 2



1850 Acanthocladia anceps (Schlotheim, 1820) – King (1850), p. 48, 49 [partim], 
pl. 5, figs. 13–18.
1861 Acanthocladia anceps (Schlotheim, 1820) – Geinitz (1861), p. 119, 120
[partim], pl. 22, ?fig. 7.
1930 Acanthocladia anceps (Schlotheim, 1820) – Korn (1930), p. 369, 370, pl.
35, figs. 8, 9.
1961 Acanthocladia anceps (Schlotheim, 1820) – Dreyer (1961), p. 21, 22, pl. 9,
figs. 2–5.
1970 Acanthocladia anceps (Schlotheim, 1820) – Morozova (1970), p. 240, pl.
57, figs. 2, 3.
2001 Acanthocladia anceps (Schlotheim, 1820) – Ernst (2001a), p. 147, 148, pl.
6, fig. 5, pl. 7, figs. 1–4.

L e c t o t y p e. – Keratophytes anceps Schlotheim, 1820;
K. 57-1. Mu seum for Nat u ral Sci ences, Cen tral In sti tute of the
Humboldt-Uni ver sity, Berlin.

M a  t e  r i a l  e x  a m  i n e d. – Grodziec (Grodziec Syn -
cline) sam ples num bered ING UWrPR/Z/Bry/Ca1/15, 23, 35,
38; Lwówek Œl¹ski Syncline ING UWrPR/Z/Bry/Ca1/31;
Leszczyna Syncline sam ples num bered ING UWrPR/Z/Bry/Ca -
1/3; thin-sec tions of the sam ples ING UWrPR/Z/Bry/Ca1/15,
mot tled marls, ING UWrPR/Z/Bry/Ca1/35, and ING UWr -
PR/Z/Bry/Ca1/38.

D e s c r i p t i o n. – Col ony con sist ing of straight main
branch with sec ond ary branches. Sec ond ary branches di verg -
ing at an gles of 77 to 79°, 4 spaced per 5 mm along the main
branch on each side. New branches de vel oped by trans for ma -
tion of sec ond ary branches into main branch or by di chot omy of
main branches. Dis sepi ments or anas to mo ses ab sent. Ap er -
tures ar ranged in three al ter nat ing rows on main branches and
sec ond ary branches. Some sec ond ary branches carry at their
be gin ning only two rows of autozooecia. A short dis tance af ter
di verg ing they de velop three rows. On main and sec ond ary
branches four rows of the autozooecia may in fre quently ap -
pear. Ap er tures cir cu lar to oval. Autozooecia spaced usu ally

more closely on the sec ond ary branches than on the main
branch. Low keels with small nodes be tween rows of auto -
zooecia. Ap par ent re pro duc tive poly morphs in form of iso lated
zooecia with en larged prox i mal endozonal cham bers com mon:
endozonal cham bers 0.144–0.168 mm in di am e ter. 

I n  t e  r i o r  d e s c r i p t i o n. – Autozooecia rel a tively
short, deep, with a long ves ti bule; rect an gu lar to hex ag o nal in
mid tan gen tial sec tion; elon gate par al lel to branch length; ap er -
ture po si tioned at dis tal to dis tal-abaxial end of cham ber. Short
su pe rior hemisepta pres ent; in fe rior hemisepta ab sent.

C o m p a r i s o n. – Acanthocladia anceps (Schlotheim,
1820) dif fers from A. laxa Korn, 1930 in gen er ally hav ing thin ner 
branches, and the ar range ment of autozooecia on the branches 
in 3 rows. A. mi nor pos sesses thicker branches as well as larger 
lat eral branch an gles.

O c c u r r e n c e. – Up per Perm ian, Ca1, Grodziec (Gro -
dziec Syncline), Leszczyna-Kondratów, Nowy Koœció³ (Lesz -
czyna Syncline), the up per part of the Ca1; lower part of the Ca1 
in ¯arska Wieœ (Lwówek Œl¹ski Syncline); Acanthocladia
anceps was also re corded in the bore holes of the Fore-Sudetic
Monocline (K³apciñski, 1971); and the Zechstein of Ger many,
Eng land, and Lith u a nia (Korn, 1930; Dreyer, 1961; Morozova,
1970; Ernst, 2001a).

Fam ily FENESTELLIDAE King, 1849
Spinofenestella Termier and Termier, 1971

T y p e  s p e  c i e s. – Fenestella spinosa Condra, 1902;
Lower Perm ian, Wolfcampian; North Amer ica.

D i a g n o s i s. – Re tic u late, fan-shaped as well as fun -
nel-shaped col o nies with rel a tively wide and thick branches and 
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T a  b l e  5

Mea sure ments of Kalvariella typica Morozova (sin gle col ony)

N X SD CV MIN MAX

Ap er ture width 10 0.090 0.0087   9.6864 0.072 0.096

Dis tance be tween ap er ture cen tres along branches 10 0.293 0.0180   6.1475 0.264 0.324

Dis tance be tween ap er ture cen tres across branches 10 0.266 0.0221   8.2907 0.216 0.288

Node di am e ter 10 0.044 0.0068 15.6808 0.035 0.055

Dis tance be tween node cen tres   6 0.220 0.0561 25.5064 0.156 0.300

Max i mal autozooecial cham ber width 10 0.122 0.0095   7.7881 0.100 0.135

For ex pla na tions see Ta ble 2

T a  b l e  6

Mea sure ments of Acanthocladia anceps (Schlotheim) (three col o nies)

N X SD CV MIN MAX

Main branch width 10 0.645 0.0778 12.0592 0.570 0.840

Sec ond ary branch width   7 0.439 0.0508 11.5856 0.384 0.540

Dis tance be tween cen tres of sec ond ary branches 10 1.254 0.2279 18.1776 1.050 1.800

Ap er ture width 20 0.077 0.0058   7.5031 0.072 0.084

Dis tance be tween ap er ture cen tres along branches 20 0.293 0.0256   8.7598 0.252 0.336

Dis tance be tween ap er ture cen tres across branches 20 0.248 0.0199   8.0073 0.228 0.300

Node di am e ter   8 0.048 0.0080 16.8797 0.035 0.060

Max i mal autozooecial cham ber width 10 0.121 0.0066   5.4403 0.110 0.130

For ex pla na tions see Ta ble 2



rel a tively thin dis sepi ments. Autozooecia ar ranged in two rows
on the branches. Autozooecia tri an gu lar in mid tan gen tial sec -
tion, tri an gu lar to pen tag o nal prox i mal to bi fur ca tions. Nar row
keel with sin gle row of nodes de vel oped.

C o m p a r i s o n. – Spinofenestella Termier and Termier, 
1971 dif fers from Rectifenestella Morozova, 1974 in the tri an -
gu lar shape of the autozooecia in mid-tan gen tial sec tion.

O c c u r r e n c e. – Lower De vo nian to Upper Perm ian.

Spinofenestella geinitzi (d’Orbigny, 1850)
Figs. 5H–L, 7 and Ta ble 7

1850 Fenestella geinitzi d’Orbigny, 1850 – d’Orbigny (1850), p. 168.
1861 Fenestella geinitzi d’Orbigny, 1850 – Geinitz (1861), p. 116, pl. 22, fig. 2.
1930 Fenestella geinitzi d’Orbigny, 1850 – Korn (1930), p. 355, pl. 1, fig. 6;
text-fig. 1.
1930  Fenestella retiformis (Schlotheim, 1820) – Korn (1930), p. 354, pl. 1, fig. 3.
1961 Fenestella geinitzi d’Orbigny, 1850 – Dreyer (1961), p. 13, pl. 4, figs. 2, 3.
2001 Spinofenestella geinitzi (d’Orbigny, 1850) – Ernst (2001a), p. 152, 153, pl.
9, fig. 6, pl. 10, figs. 1–5.

H o l o t y p e. – The lo ca tion of the type ma te rial is un -
known.

M a  t e  r i a l  e x  a m  i n e d. – Grodziec (Grodziec Syn -
cline) sam ples num bered ING UWrPR/Z/Bry/Ca1/11, 13, 23,
24; Leszczyna sam ples ING UWrPR/Z/Bry/Ca1/1-8; thin sec -
tions of the sam ples ING UWr/PR/Z/Bry/Ca1/13 and ING
UWr/PR/Z/Bry/Ca1/24.

D e s c r i p t i o n. – Micrometric for mula: 14–18.5 (bran -
ches per 10 mm), 12.5–14 (fenestrules per 10 mm), 18–24 (ap -
er tures per 10 mm along the branch). Fan-shaped col ony with
reg u lar mesh work. Autozooecia ar ranged on the branches in
two al ter nat ing rows. Ad di tional autozooecium oc cur ring at
branch bi fur ca tions. Dis sepi ments thin, fenestrules elon gated-
 oval to rect an gu lar with rounded cor ners, with 3–4 autozooecial 
ap er tures per length of a fenestrule. Autozooecial ap er tures
suboctagonal, with eight thin septa in the high peri stome. Septa 
dis ap pear in deeper tan gen tial sec tions. Nar row keel with a sin -
gle row of closely spaced nodes pres ent be tween the rows of
the ap er tures. Nodes long, 4–5 spaced per 1 mm along the
branch. Root-like hold fasts com mon. Re verse side of the col -
ony strongly ribbed. In ter nal gran u lar layer well-de vel oped,

con tin u ous with ob verse keel, nodes, peristomes and across
dis sepi ments. Long and thin rods ex tend from the in ner gran u -
lar skel e ton and reach the re verse side as microstyles. The
microstyles are 0.01–0.015 mm in di am e ter and reg u larly spa -
ced. Outer lamellar skel e ton mod er ately thick, usu ally thick en -
ing on the re verse side in the prox i mal parts of col o nies.
Heterozooecia ab sent. 

I n  t e  r i o r  d e s c r i p t i o n. – Autozooecia tri an gu lar to 
pen tag o nal in mid tan gen tial sec tion, rel a tively high and short,
with long ves ti bule; elon gate par al lel to branch length; ap er ture
po si tioned at dis tal to dis tal-abaxial end of cham ber. Su pe rior
hemisepta weakly de vel oped; in fe rior hemisepta ab sent.

C o m p a r i s o n. – Spinofenestella geinitzi (d’Orbigny,
1850) dif fers from the other spe cies of the ge nus in its smaller
el e ments of the mesh work. It dif fers from S. minuta (Korn,
1930) in its wider and lon ger fenestrules and in the fan-shaped
growth-form com pared with the fun nel-shaped col ony of S.
minuta.

O c c u r r e n c e. – Ca1, Up per Perm ian, Grodziec (Gro -
dziec Syncline), Leszczyna Syncline, North Sudetic Ba sin,
Fore- Sudetic Monocline (subsurface) (K³apciñski, 1971), SW
Po land; Up per Perm ian (Zechstein) of Ger many and Eng land
(Ernst, 2001a).

INTERPRETATION

The dis tri bu tional pat tern of the bryo zoans in the stud y area
is patchy, and as so ci ated with a shal low-wa ter biota, form ing a
biocenoses dom i nated by bryo zoans, brachi o pods, and
molluscs in dis tinct ho ri zons usu ally at the base of the marly cal -
car e ous se ries of the Zechstein Lime stone.

The high est bryo zoan di ver sity in the stud ied pro files oc curs 
in bed ded fa cies, where the fauna is dom i nated by large,
fan-shaped or fun nel-shaped col o nies of Spinofenestella geini -
tzi, which in di cate a low en ergy en vi ron ment and mod er ate or
slow sed i men ta tion rates (Raczyñski, 1996) typ i cal of off shore
or mid- to outer shelf set tings on the Ca1 slope and ba sin floor
and soft sub strates (Reid, 2010), 
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T a  b l e  7

Mea sure ments of Spinofenestella geinitzi (d’Orbigny) (two col o nies)

N X SD CV MIN MAX

Branch width 15   0.309 0.0250   8.1071   0.276   0.360

Dissepiment width 15   0.113 0.0076   6.7283   0.096   0.120

Fenestrule length 15   0.635 0.0405   6.3752   0.540   0.690

Fenestrule width 15   0.362 0.0723 19.9541   0.264   0.492

Dis tance be tween dissepiment cen tres 15   0.730 0.0334   4.5727   0.690   0.780

Dis tance be tween branch cen tres 15   0.610 0.0658 10.7856   0.510   0.720

Ap er ture width 15   0.080 0.0054   6.7480   0.072   0.084

Dis tance be tween ap er ture cen tres along branches 15   0.239 0.0140   5.8340   0.216   0.264

Dis tance be tween ap er ture cen tres across branches 15   0.210 0.0231 10.9637   0.180   0.264

Node di am e ter 10   0.047 0.0054 11.4358   0.040   0.055

Dis tance be tween node cen tres 10   0.240 0.0271 11.3039   0.216   0.288

Max i mal autozooecial cham ber width 15   0.122 0.0175 14.3815   0.108   0.168

Branches per 10 mm   5 15.790 1.7587 11.1380 14.000 18.500

Fenestrules per 10 mm   6 13.130 0.5745   4.3751 12.500 14.000

Ap er tures per 5 mm along the branch   6 21.933 2.0539   9.3645 18.000 24.000

For ex pla na tions see Ta ble 2



Three types of the col ony growth-forms – membrani pori -
form, reteporiform and vinculariiform – can be dis tin guished
among the bryo zoans in the North Sudetic Ba sin. The dom i nant 
col ony growth-form (reteporiform) in the Grodziec Syncline be -
longs to the re tic u late fenestellids. In gen eral, the ma jor ity of
fenestellid col o nies oc cur mostly in the up per part of the Zech -
stein Lime stone, where they are of ten ac com pa nied by the pin -
nate col o nies of acanthocladiids. Trepostome spe cies, which
ex hibit an en crust ing growth form (membraniporiform) may in -
di cate a shal low depth, mod er ate to high wa ter en ergy en vi ron -
ment, with low sed i men ta tion rate (cf. Nel son et al., 1988; Reid,
2010) and oc cur mostly in the mar ginal parts of the SPB, where
reefal/biohermal struc tures ex isted dur ing the Ca1 (Leszczyna
Syncline). More over, they are also abun dant and di verse in the
lower part of the Ca1 in the west ern part of the North Sudetic
Ba sin (Lwówek Sl¹ski Syncline) be ing ac com pa nied by the
productid of Horridonia horrida and oc cur ring in a low-en ergy
and low sed i men ta tion ac cu mu la tion rates if sed i ment in put is
low or is trapped on shore.

Bryo zoans may have been well-adapted to dif fer ent, of ten
ex treme, eco log i cal set tings caused by fre quent fluc tu a tions of
sea level, sed i men ta tion and dis tri bu tion of mi cro bial mats
(Raczyñski, 1996; Peryt et al., 2012). In the study area, bryo -
zoans are a good palaeo eco logi cal proxy, clearly re act ing to
small en vi ron men tal changes. This is well-ob served in the
tempestite fa cies char ac ter ized by the high est tax o nomic di ver -
sity and num ber of bryo zoans. Like wise, bryo zoans help to dis -
tin guish shelf de pos its with no storm beds, thus re cord ing max i -
mum depth and ex tent of the ba sin – max i mum trans gres sion
(Grodziec Syncline).

The rec og nized bryo zoan-bear ing strata in SW Po land usu -
ally oc cur at the base of the marly-cal car e ous se ries of the Ca1
suc ces sion (Ta ble 2 and Fig. 2). Here, they are ac com pa nied
by a rich shal low-wa ter biota that in cludes productid brachi o -
pods (Horridonia horrida), molluscs, ben thic foraminifers and
fish re mains (Fig. 2). The well-marked bryo zoan-bear ing ho ri -
zon in the Lwówek Œl¹ski Syncline is mostly con fined to the
lower part of the Ca1, in con trast to the bryo zoans of the
Leszczyna Syncline, which oc cur mostly in the up per part of the
Ca1 (Fig. 3) but also in the lower part of the Ca1 (at the base of
the mot tled lime stones, Nowy Koœció³ lo cal ity; Fig. 3). The pres -
ence of the tran si tional and hor i zon tal sed i men tary changes in
the dif fer ent parts of the rel a tively shal low-wa ter North Sudetic
Ba sin, and fre quent os cil la tions of sea level, are clearly in di -
cated in the pro files stud ied (Fig. 2) by the oc cur rence of dif fer -
en ti ated bi otic as sem blages and the com po si tion of the bryo -
zoan fauna.

DISCUSSION

Perm ian bryo zoans, like their mod ern coun ter parts, have
dif fer ent growth-forms. Anal y sis of bryo zoan morphotypes has
proven to be a valu able tool for palaeo eco logi cal in ter pre ta tion
(Stach, 1936; Schopf, 1969; Kelly and Horowitz, 1987; A.M.
Smith, 1995; Hageman et al., 1997). Within the North Sudetic
Ba sin these in clude erect (vinculariiform), fenestellid (retepo -
riform), and en crust ing (membraniporiform) hab its. The tax o -
nom i cally rich est bryo zoan as sem blage oc curs in the ax ial part
of the North Sudetic Ba sin (Grodziec Syncline; Figs. 4–7),
where the fauna is dom i nated by the erect col o nies which re -
veal the reteporiform growth-form and zoaria are com posed of
large fan-shaped or fun nel-shaped col o nies of fenestellids with
a max i mum height of 10 cm. The wa ter en ergy or tur bu lence is
the pri mary con trol on the bryo zoans oc cur rence (Reid, 2010),

there fore, we may as sume that erect-rigid fenestellids pre fer
the low en ergy en vi ron ment co-oc cur ring with the productid
brachi o pods which are com mon in off shore set ting with the
mod er ate or slow sed i men ta tion rate and a soft sub strate on the 
slope of the Ca1 car bon ate plat form and ba sin floor (see also
Reid, 2010). Col o nies of Spinofenestella geinitzi (d’Orbigny) are 
usu ally heavily cal ci fied and are a com mon el e ment of the Ca1
(Figs. 5H–L, 7 and 9B1). They can be used as an ef fi cient in di -
ca tor of the cur rent sys tem with the abil ity of form ing dif fer ently
shaped col o nies from pla nar or lobate to fan-shaped or con i -
cal-shaped zoaria, prob a bly in re sponse of the wa ter cur rent
(Figs. 5H–L and 7). Gen er ally, in the lower part of the Grodziec
Syncline pro file, where the stormy con di tions were calmer, the
in situ bryo zoans show pla nar to fan-shaped zoaria, and they at -
tain larger sizes, con trary to the up per part of the pro file where
the cur rents were stron ger and the col o nies achieved smaller
sizes form ing mostly the fun nel-shaped zoaria. The over all
shape of a bryo zoan col ony is in ter preted as an ad ap ta tion to an 
ex te rior cur rent flow that both in creased the phys i cal sta bil ity of
the col o nies and al lowed zo oids to gen er ate lo cal cur rents and
fil ter ef fi ciently nu tri ents from the wa ter (Cowen and Rider,
1971; McKinney, 1977). Ac cord ing to McKinney and Jack son
(1989), re tic u late fenestellids are less vul ner a ble to cur rents
and sed i men ta tion rate, and are able to col o nize more ex posed
sites, of the high to low sed i men ta tion rates and shal low to deep 
wa ter, but they mostly oc cur in mod er ately en er getic to rel a -
tively quiet en vi ron ments or microenvironments, ei ther near or
be low the nor mal waterbase or in shel tered ar eas (McKinney
and Gault, 1980; Nel son et al., 1988). The ma jor ity of retepo -
riform col o nies in the ma te rial stud ied from the Grodziec Syn -
cline form fun nel-shaped col o nies with the zooecia ar ranged on
the out side of the col ony, and some pos sess well-de vel oped
sup port ing roots; how ever, smaller cone or fun nel-shaped col o -
nies also oc cur (Figs. 5A, H–L, 6 and 7; cf. Ernst, 2001a). The
most del i cate, erect-rigid col o nies from the marly-cal car e ous
sed i ments of the Grodziec Syncline are pin nate col o nies of
Kalvariella typica (Fig. 5B, C), found at the base of the mot tled
marls of the Ca1, and they usu ally col o nize a very quiet sed i -
men tary en vi ron ment far from tur bu lent ar eas and with very lit tle 
terrigenous in flux (in the bryo zoan life time scale). 

The zoaria of fenestellids and acanthocladiids to gether are
more com mon in the up per part of the Ca1 in the Leszczyna
Syncline – where they show con sid er able frag men ta tion of the
col o nies, with prox i mal parts (bases) bro ken, sug gest ing high-
 en ergy set ting, to gether with the sed i men tary fea tures such as
the bed bases, graded bed ding, as well as a pres ence of the
mol lusc coquinas and their con nec tion with the reefal/biohermal 
struc tures in the mar ginal part of the Leszczyna Syncline (Figs.
3 and 8; Raczyñski, 1996; Biernacka et al., 2005). Frag ments of 
Acanthocladia anceps col o nies rec og nized in Kondratów lo cal -
ity (Leszczyna Syncline) show their higher strati graphi cal and
sed i men tary cy cle po si tion in the stud ied pro file (Ta ble 2 and
Fig. 2). They oc cur in the mas sive lime stones which are ev i -
dently con nected with the re gres sive event which ter mi nated
the oc cur rence of the bryo zoans in the Ca1. 

A very com mon biofacies in the Grodziec Syncline is com -
posed of Agathammina–Spinofenestella–Horridonia which may 
in di cate a low-en ergy en vi ron ment (Fig. 3). The Acantho -
cladia–Bakevellia–Schizodus is com mon at Leszczyna (Lesz -
czyna Syncline) and the bryo zoans oc cur there in the up per part 
of the Ca1, which at that time com prised shal low la goons sep a -
rated from a deeper shelf by bar ri ers com posed of nu mer ous
bro ken col o nies of Acanthocladia (Figs. 1B, C, 2 and 8; Ra -
czyñski, 1996). In the lower part of the Ca1 in the Lwówek Œl¹ski 
Syncline Dyscritella dom i nates: it forms en crust ing zoaria, col o -
nized of ten a per ished al gal sub strate (Fig. 9A). Cup-shaped,
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en crust ing col o nies fa vour soft-bot toms sup ported by al gae, ei -
ther us ing a hard sub strate pro vided by brachi o pod shells of
Horridonia horrida or echinoid spines (Fig. 9B1). Col o nies with
a membraniporiform morphotype pre fer a low en ergy, shal -
low-wa ter, subtidal or la goonal en vi ron ment (Lagaaij and Gau -
tier, 1965). It may be sug gested that the Lwówek Œl¹ski Syn -
cline de pos its orig i nated in a near-shore en vi ron ment, where
the biocenoses of Acanthocladia–Liebea are very com mon, ac -
com pa nied by a rich productid-brachi o pod and mi cro bial mat
as so ci a tion and should be re ferred to the on shore transgres -
sive- re gres sive fa cies in the lower part of the Ca1 (Fig. 2;
Raczyñski, 1996).

Through out the Phanerozoic bryo zoans have been ma jor
sources of car bon ate sed i ment (Tay lor and Allison, 1998). Dur -
ing Zechstein Lime stone time shal low-wa ter con di tions fa -
voured the de vel op ment of mi cro bial-bryo zoan reefal fa cies,
pre vail ing in the SPB from Eng land (e.g., Smith, 1995) and Ger -
many (Paul, 2010 with ref er ences therein), to the east ern part
of the ba sin in Po land (Dyjaczynski et al., 2001) and Lith u a nia
(Morozova, 1970). The com mon con struc tors of those reefs are 
also ses sile foraminifers (Peryt et al., 2012). 

Ernst’s (2001a) study showed that within the SPB in Zech -
stein time, bryo zoans of the or der Fenestellida were com mon to 
ubiq ui tous in hab it ants of small car bon ate bioherms com posed
of re tic u late and pin nate col o nies of the fol low ing gen era:
Rectifenestella, Penniretepora, Acanthocladia, Tha mniscus,
Kingopora, Kalvariella and Synocladia. Cos mo pol i tan gen era
such as Rectifenestella and Dyscritella and the en demic ge nus
Kalvariella, are com mon among Ger man and Pol ish Zechstein
Lime stone fau nas.

Among the eight spe cies iden ti fied from bore holes in Lith u -
a nia and the Kaliningrad dis trict (Rus sia) five (Fenestella
retiformis, Kingopora ehrenbergi, Acanthocladia laxa, A.
anceps and Kalvariella typica) are dis trib uted in the de pos its of
NW Eu rope and only a few are com mon in Po land (Suveizdis,
1975). More over, K³apciñski (1971) showed a cer tain sim i lar ity
in ex is tence of the same bryo zoan-mol lusc-brachi o pod as so ci -
a tions be tween the Zechstein Lime stone and those of the
Perm ian bas ins lo cated in Pre-Urali an (Rus sia) and Salt Range 
of the Himalaya re gion (Pa ki stan).

Con sid er ing the north wards palaeobiogeographical con -
nec tion be tween the Late Perm ian North ern Perm ian Ba sin
fauna of NW Eu rope and the Arc tic Bo real Ocean fau nas, it
should be men tioned that there are a few taxa in com mon with
east ern North Green land and Svalbard, such as Dyscritella,
Stenopora, Fenestella and Kingopora (SÝrensen et al., 2007). 

CONCLUSIONS

In the stud ied bryo zoan fauna from the Zechstein Lime -
stone of the North Sudetic Ba sin six spe cies be long ing to the
treposto mids and fenestellids were found. Fenestellids which
were likely to have been very com mon in the marly sec tions of
the Ca1, par tic u larly in the lead-bear ing se ries, oc cur dur ing the
max i mum flood ing in the ax ial part of the North Sudetic Ba sin
i.e. Grodziec Syncline. 

Fac tors which con trib uted to the rich ness of bryo zoans in
the North Sudetic Ba sin in cluded the high avail abil ity and abun -
dance of sub strates (ei ther hard or soft). Two other im por tant
fac tors such as the fa vour able cur rent sys tems and slow or
mod er ate sed i men ta tion rates al lowed suf fi cient time for the
col o ni za tion of the sub strata by the bryo zoan biota in the North
Sudetic Ba sin dur ing the Ca1 sedimentation.

The high est fau nal tax o nomic di ver sity, in clud ing within
bryo zoans, oc curs in the up per part of dis tal tempestites. This
could be in ter preted as the ef fect of im prov ing eco log i cal con di -
tions on the sea-floor and in the bot tom wa ters. This would have 
al lowed a short but in ten sive de vel op ment of the sea-floor eco -
sys tem. Anal y sis of the dom i nant col ony growth-forms in con -
junc tion with the depositional con di tions of the Zechstein Lime -
stone marly-cal car e ous se ries (mot tled, cop per- and lead bear -
ing marls) shows that these fac tors could be cor re lated with var -
i ous phys i cal en vi ron men tal pa ram e ters such as cur rent
strength, wa ter depth, rate of sed i men ta tion and sub strate type.
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