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The work presents the results of morphological and ultrastructural (TFM and SEM)
studies on Ordovician and Silurian organic (non<calcareous) fossils among which
representatives of scyphozoans, hydrozoans, pogonophorans and pterobranchs
are recognized. A few forms of uncertain systematic position are also described.
Scyphozoa: well preserved scyphothecae of Byronia robusta (Kozi.) are described
along with ultrastructural observations made on other Byronia species. Part of the
so-called dithecoid graptolites is recognized as colonial scyphopolyps. Hydrozoa:
forms described by R. Kozrowskr and A. Fisenack as hydroids are revised.
The astogenesis of Rhabdohydra iridens Kozr. is reconsiructed. Two new taxa
are designated. The periderm ultrastructure of five species is described and
interpreted. Some forms known as dithecoid graptolites and  the group
Chaunograptidae  are recognized as colonial hydropolyps. Pogonophora:
Beklemishevites grandis gen. et sp. n. is described. Tube ultrastructure is studied for
two species revealing in one case the presence of a chitin-protein complex. Plero-
branchia: forms described by R. Kozrowsk! are revised and a new taxonomy is
proposed for Rhabdopleurida. Some forms classified previously as hydroids are
identitied as rhabdopleurids and five new taxa arc designated. The astogenesis of
Rhabdopleurites primaevus Kozt.. is reconstructed and new types ol stolonal tubes
(without zig-rag suture and fuselli) are described. The ultrastructure of cysts,
stolons and stolonal tubes is studied in several forms. A congenerity of
Rhabdopleurites with some forms described previously as tuboid or stolonoid
graptolites and hydroids is suggested. Miscellunea: ultrastructure of live proble-
matic microfossils are studied. A few new taxa are described including two new
genera.
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I TRASTRUETURA. TARKSONONIA [ POKREWIFSNSTWO NIEKTORYCH ORDOWICKICH | SYI URSKICH
MIKROSKANMIENIAL OSEC ORGANK ZNYCH

Streszczenie -— Opracowano, przy wykorzystaniu technik elektronowo-mikroskopowych
ordowickic i sylurskie mikroskamienialosci organiczne, rozrézninjac wsréd nich krazkoplawy,
stulbioplawy. pogonofory, pidroskrzelne 1 rozmaite lormy incertae sedis.

Scyphozos. - - Opisano dobrze zachowane seyloteki Byionia robusta (Kocl.), zbadano ultra-
strukturg peridermy 2 gatunkow, w jednym przypadku ujawniono jej chitynowo-proteinowy
charakter. CzgS¢ tzw. graptolitow ditckoidowych uznano za kolonijne scyfopolipy.

Hydrozoa. - Przeprowuadzono rewizjg form opisunych przez R. Kozi.owskI1eGo i A. Eisr-
NACKA. Zrekonstruowano kormogeneze Rhabdohydia tridens Kozl., wyrdzniono 2 nowe taksony,
zbadano ulirastrukturg peridermy 5 gatunkow. CzeS¢ tzw. graptolitow ditekoidowych i Chau-
nograptidac usnano za kolonijne hydropolipy.

Pogonophora, — Opisano Beklemishevites grandis gen. n., sp. n., 7zbadano ultrastrukture
rurek 2 gatunkow, w jednym przypadku ujawniono obecno$é kompleksu proteinowo-chi-
tynowego.

Pterobranchia. — Przeprowadsono rewizje form opisanych przez R, KozLowsk 1rGo.
przedstawiono nowy koncepeje  taksonomii Rhabdopleurida, wykazano rabdopleuridowy
charakter szeregu form uwazanych dotad za Hydroida, wyrdzniono 5 nowych taksonow.
Zrckonstruowano kormogenez¢ Rhubdopleurites prinievus Kozi., opisano nieznane dotad
typy rurek stolonalnych (bez szwu zygzakowatego 1 bezfuzellarne), zbadano ultrastrukture
cyst, stolondw 1 rurek stolonalnych niektorych form. Sugeruje si¢ kongeneryczno$é Rhabdo-
pleurites 7. nicktorymi dommiemanymi graptolitami tuboidowymi lub stolonoidowymi oraz
Hydroida.

Miscellanea. — Zbadano ultrastrukturg 5 problematykow i opisano kilka dalszych, usta-
nawiajgc dwu monotypowe nowe rodsaje.
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INTRODUCTION

Tn 1973, the late Professor RomaN Kozi.owsk1 kindly passed me for further study some orga-
nic microfossils he had extracted by chemical methods from Baltic erratics of Ordovician and
Silurian age. The material comprised various microfossils, usually in the form of branching
or simple tubes. Some specimens of that collection have been previously described as Hydroida
by Kozrowsk1 (1959«). In discussions, he repeatedly suggested that some of the forms pre-
viously interpreted by him as Hydroida may actually have nothing in common with coelente-
rates. He also used to emphasize the necessity of revising some taxa described by him. My
studies show a high degree of homeomorphy of tubular organic skeletons or fragments of such,
often representing quite distant systematic groups, thus confirming his opinion than revision
was necessary.

This paper deals with animal microfossils built of organic matter and of debatable or unknown
systematic position. An attempt to establish their taxonomic affinities has resulted in an ine-
vitable break in the compactness of the paper. However, 1 regarded it necessary to present
as complete as possible an analysis of the taxonomy of the microfossils that represent dif-
ferent systematic groups but are poorly known, similar in shape and often very difficult to dis-
tinguish and to classify.
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Professor Tapeusz Gunia (Wroctaw) and Professor HUBERT SzaNiawsk1 (Warszawa) kindly
reviewed the manuscript and provided helpful corrections and comments. I am very much
indebted to Professor JOozer Kazmierczak (Warszawa) for fruitful discussions on several
problems as well as a constructive review of the manuscript. Special thanks are extended to
Dr. R. B. Rickards (Cambridge) who kindly made a complete linguistic revision of the text.

The studies were conducted at the laboratories of electron microscopy of the following
institutions: M. Nencki Institute of Experimental Biology and Centre of Experimental Medicine
(Polish Academy of Scicnces), Zoology and Botany Departments of Warsaw University and
the Anatomy Department of the St. George’s Hospital Medical School (London).

MATERTAL

The material studied comes from one locality in situ, four borings, and some dozens of
glacial erratics (fig. 1). Sokolovites pogonophoroides Kozi.. was derived from the chalcedonites
of Chojnéw D6t by Zbilutka. The age of these chalcedonites was estimated by SzZANTAWSKI
(1979) as Upper Tremadoc. Some fossils were extracted from the following borings:

Biala Podlaska 2. Middle Ordovician (W. BEDNARCZYK, personal information). Depth
680—687 m. Rhabdohydra tridens KozLowsk1, ?Rhabdopleurites sp. Kystodendron ex gr.
longicarpus (EISENACK) sensu KOZLOWSKI. '

o
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Krzyze 4. Llandeilo (ToMCzYK 1964, ZNOSKO 1964, BEDNARCZYK 1966). Depth 471—473 m:
Rhabdohydra tridens KozLowskl, 477—479 m: Chitinodendron bacciferum EI1SENACK,

Mielnik |. Upper? Ordovician (Tomczyk 1964). Depth [118—1124 m: Byronia sp. A,
Rhabdopleuroides expectutus KosztOwski, Xenohydra lubiata KOZLOWSK I,

Podborowisko 1. Arenig (ToMczyk 1964, ZNosk0 1964). Depth 396--397 m: lnocaulis
sp., Kystodendron longicarpus (EISENACK) sensu KOZLOWSK 1.

The bulk of the material comes from calcareous erratic boulders of Ordovician and
Silurian age. The boulders were gathered at various localities in central and northern Poland.
Boulders from the collections of the Institute of Paleobiology of the Polish Academy of Sciences
are marked with symbol ZPAL, and those I gathered during work in the Museum of Earth,
Polish Academy of Sciences — with the symbol MZ. The list of erratic boulders, given below,
shows: symbol and number of boulder, its locality, geological age, lithological characteristics
(or references to papers where relevant data may be found), list of accompanying fossils (or
references to relevant publications), and list of microfossils discussed here.
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Boulder no. zZPAL 0.15, Orlowo (province of Gdansk), Ordovician. The lithological cha-
racteristic and the assemblage of fossils in Kozrowsk1 (1954, 19594a), GOrkA (1969). Flexi-
hydra undulata Koztowski.

Boulder no. ZPAL 0.22, Sarbia (province of Poznan). Ordovician. The lithological charac-
teristic and the assemblage of fossils in Kozrowsk1 (1954, 1959a, 1961, 1962) and GORKA
(1969). Rhabdopleuroides expectatus KOZLOWSKI.

Boulder no. zrAL 0.25. Poznan. Ordovician. The lithological characteristic and the as-
semblage of fossils in Kozrowsk1 (1959a). Rhabdohydra tridens KozLowsk 1, 1Kystodendron sp.

Boulder no. ZPAL 0.26, Poznan--Czerwonak. Middle Ordovician. The lithological charac-
teristic and the assemblage of fossils in Kozrowski (1959a, 1962, 1963, 1966b), URBANEK
(1959) and GORKA (1969). Chaunograptus adhaerens (Koztowski), Rhabdohydra tridens Ko-
ZLOWSKI.

Boulder no. ZPAL 0.29. Stara Warka (province of Warszawa). Llandeilo?. The lithological
characteristic and the assemblage of fossils in KozLowsk1 (1954, 1959q, 1962, 1963b) and K 1e-
LAN-JAWOROWSKA (1966). Calyxhydra irregularis Kozirowskl1, Chitinodendron bacciferum
I:1SENACK, Diplohydra solida Kozvrowskl, Diplohydra gonothecata Kozrowsk 1, Kystodendron
longicarpus (E1SENACK) Rhabdohydra tridens KOZLOWSK1.

Boulder no. zPAL 031, Poznan-Czerwonak. Llanvirn. The lithological characteristic
and the assemblage of fossils in KozLowski (19594, 1962, 1963«) and KIELAN-JAWOROWSKA
(1966). Diplohydra gonothecata Kozrowskl, Chitinodendron bacciferum (EISENACK) Rhabdo-
hydra tridens KOzi.owSsK 1.

Boulder no. ZPAL 0.42, Zakroczym (province of Warszawa). Ordovician? The lithological
characteristic and the assemblage of fossils in Kozrowsk1 (1959a) and KIELAN-JAWOROWSKA
(1966). Diplohydra gonothecata KozLowsKl1, Lagenohydra phragmata Kozrowsk 1, Phragmohydra
articuluta Kozrowsk1, Rhabdopleuroides expectatus KOzrOwsKI.

Boulder no. ZPAL 0.44, Poznan-Czerwonak. Ordovician? Silurian? The lithological
characteristic in KozLowsk1 (19594). Xenohydra labiata KOzrLowsKI.

Boulder no. zZPAL 0.52, Ustronie Morskie (province of Koszalin). Ordovician. The litho-
logical characteristic and the assemblage of fossils in KozLowsk 1 (1959a). Rhabdohydra tridens
Kozrowsk1.

Boulder no. zZPAL 0.60, Rewal (province of Szczecin). Ashgill. The lithological charac-
teristic and the assemblage of fossils in KozrLowsk1 (1959a, 1961, 19634). Rhabdopleuroides
expectatus KOZLOWSKI. '

Boulder no. ZPAL 0.62, Orlowo (province of Gdansk). Organogenic imestone with Masti-
gograptus sp., Dictyonema sp. and Discograptus schmidti WiMaN. The presence of D. schmidti
suggested Upper Ordovician age of boulder (see URBANEK and Towr 1974: 2). Kystodendron
complicatus sp. n.

Boulder no. ZPAL 0.66, Dziwndw (province of Szczecin). Ashgill. The lithological charac-
teristic and the assemblage of fossils in KoziLowsk1 (19594a). Rhabdohydra tridens KOZLOWSKI.

Boulder no. ZPAL 090, Rewal (province of Szczecin). Ordovician? Light grey, compact
limestone with Acanthograptus sp. (KozLowskl 1961). Rhabdopleuroides expectatus Koz-
LOWSKI.

Boulder no. zPAL 094, Jarostawiec (province of Stupsk). Ordovician. The lithological
characteristic and the assemblage of fossils in Kozrowsk1 (1959«, 1962, 1967) and GOrkA
(1969). Rhabdohydra tridens KOzZrLOWSKI.

Boulder no. zPAL 0.110, Ortowo (province of Gdansk). Ordovician ? Fine-grained limestonc
with tuboid graptolites (Kozrowski 1959a). Phragmohydra articulata KOzLOWSKI.

Boulder no. zZPAL 0.121, Wyszogrod (province of Warszawa). Middle Caradoc. The litho-
logical characteristic and the assemblage of fossils in Koztowsk1 (19594, 1967) and GOrka
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(1969). Kystodendron subtilis (Kozrowsk1), ?Kystodendron sp. B, Chaunograptus adhaerens
(Kozrowsk1), Chaunograptidae ? Gen. et sp. indet.

Boulder no. ZPAL 023, Wyszogrod (province of Warszawa). Ordovician? The litho-
Jogical characteristic and the assemblage of fossils in Kozrowsk1 (19594). Diplohydra gono-
thecata KOZLOWSKI.

Boulder no. ZPAL 0.129, Wyszogrod—Zakroczym (province of Warszawa). The lithological
characteristic and the assemblage of fossils in Kozrowsk1 (1959q). Chaunograptus flexuosus
(Kozrowskt), Chaunograptus adhaerens (Kozrowski), Diplohydra micropedunculata Xo-
ZLOWSKI.

Boulder no. zPAL 0.137, Wyszogrod-Zakroczym (province of Warszawa). Ordovician.
The lithological characteristic and the assemblage of fossils in Kozrowsk1 (1962) and GORkA
(1969). Ascosyrinx tenuis KOZLOWSKI.

Boulder no. ZPAL 0.153, Wyszogroéd—Zakroczym (province of Warszawa). Ordovician?
The lithological characteristic and the assemblage of fossils in Kozrowski (1959a). Kysto-
dendron subtilis (KOzZLOWSKI).

Boulder no. ZPAL 0.158, Wyszogrod-Zakroczym (province of Warszawa). Ordovician.
The lithological characteristic and the assemblage of fossils in KozLowsk 1 (1959a). Kystodendron
longicarpus (Kozrowsk1), Kystodendron subtilis (KozLowsk).

Boulder no. zrAL 0.163, Wyszogrod-Zakroczym (province of Warszawa). Ordovician?
The lithological characteristic and the assemblage of fossils in KozrLowsk1 (1959a). ?Kysto-
dendron sp. B.

Boulder no. zZPAL 0.166, Wyszogrod-Zakroczym (province of Warszawa). Ordovician?
The lithological characteristic and the assemblage of fossils in KozLowsk1 (19594, 1960, 1962).
Kystodendron longicarpus (E1SENACK).

Boulder no. ZPAL 0.167, Wyszogréd-Zakroczym (province of Warszawa). Ordovician.
The lithological characteristic and the assemblage of fossils in KozrLowsk1 (1959a, 1962) and
GORKA (1969). Rhabdohydra iridens KozLowskl, Chaunograptus adhaerens (KOzZLOWSKI),
Diplohydra gonothecata KozZLOWSK 1.

Boulder no. ZPAL 0,168, Wyszogréd-Zakroczym (province of Warszawa). Ordovician.
The lithological characteristic and the assemblage of fossils in KozrLowsk1 (19594). Rhabdo-
hydra tridens KOZLOWSKI.

Boulder no. zPAL 0.169, Wyszogrod-Zakroczym (province of Warszawa). Ordovician.
The lithological characteristic and the assemblage of fossils in Kozrowsk1 (19594, 1961, 1962).
Kystodendron longicarpus (E1SENACK), Rhabdopleuroides expectatus KOzZLOWSKI.

Boulder No. zZPAL 0.170, Wyszogrod-Zakroczym (province of Warszawa). Ordovician.
The litological characteristic and the assemblage of fossils in Kozrowsk1 (1959a) and GORrRkA
(1969). Rhabdohydra tridens KOZLOWSKI.

Boulder no. ZrAL 0.179, Mochty (province of Warszawa). Upper Ordovician? Llandovery?
The lithological characteristic and the assemblage of fossils in KozLowsk1 (1959¢) and Kik-
LAN-JAWOROWSKA (1966). Ascosyrinx tenuis KozLOWSKI1, Chaunograptus adhaerens (KozLo-
WSKI), Rhabdohydra tridens KOzZLOWSKI.

Boulder no. zPAL 0.181, Mochty (province of Warszawa). Upper Llanvirn or Lower
Llandeilo. The lithological characteristic and the assemblage of fossils in KozLowsk1 (19594, b)
and URrRBANEK (1959). Rhabdohydra tridens KOZLOWSKI.

Boulder no. zZPAL 0.182, Mochty (province of Warszawa). Middle Ordovician. The litho-
logical characteristic and the assemblage of fossils in Kozrowsk1 (1959a, 1962), KIELAN-JA-
WOROWSKA (1962, 1966), Apamczak (1963) and GOrkaA (1969). Chaunograptus adhaerens
(KozrLowsk1), Palacotuba polycephala EISENACK, Rhabdohydra tridens KozLowsk1, Diplohydra
solida Kozrowsk1, Kystodendron longicarpus (EISENACK), Kystodendron subtilis (KozLowsk1),
Chaunograptidae? Gen. et sp. indet.
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Boulder no. ZPAL 0.184, Mochty (province of Warszawa). Ordovician. The lithological
characteristic and the assemblage of fossils in Kozrowsk (1959q). Chitinodendron bacciferum
EISENACK, Kystodendron longicarpus (E1sENACK), Chaunograptidae? Gen. et sp. indet.

Boulder no. ZPAL 0.185, Mochty (province of Warszawa). Upper Ordovician? The litho-
logical characteristic and the assemblage of fossils in KozLowskl (1959a) and KitLAN-Ja-
WOROWSKA (1966). Byronia naumovi KOZLOWSKI1, Ascosyrinx tenuis KOZILOWSKI.

Boulder no. zpPAL 0.186, Mochty (province of Warszawa). Ordovician. The lithological
characteristic and the asscmblage of fossils in Kozrowsk1 (19594) and GOrkA (1969). Rhabdo-
hydra multiplex sp. n.

Boulder no. ZPAL 0.218, Zakroczym (province of Warszawa). Ordovician. The lithological
characteristic and the asscmblage of fossils in KozLowsk1 (1962) and GoOrka (1969). Kozlo-
wskisyrinx graptovermiformis gen. n., sp. n.

Boulder no. ZPAL 0.240, Zakroczym (province of Warszawa). Ordovician. The lithologital
characteristic and the assemblage of fossils in KozrLowsk1 (1959¢) and GorkaA (1969). Chau-
nograptus flexuosus (Kozirowsk), Chitinodendron bacciferuin E1SENACK.

Boulder no. ZPAL 0.242, Zakroczym (province of Warszawa) Ordovician. The lithological
characteristic and the assemblage of fossils in Kozrowsk1l (1959q). Palacotuba polycephala
EISENACK.

Boulder no. zZPAL 0.244, Rewal (province of Szczecin). Ashgill. The lithological charac-
teristic and the assemblage of fossils in Kozrowskt (1967). Ascosyrinx tenuis KOZLOWSKI.

Boulder no. ZPAL 0.262, Moclity (province of Warszawa). Ordovician. The lithological
characteristic and the asscinblage of fossils in KozLowsk1 (1959a). Kystodendron longicarpus
(E1SENACK.)

Boulder no. ZPAL 0.320. Mochty (province of Warszawa). Middle? Ordovician. The
lithological characteristic and the assemblage of fossils in Koziowskr (1962). Gen. et sp.
indet. (Pterobranchia).

Boulder no. ZPAL 0.322, Mochty (province of Warszawa). Light, coarse grained limestone
with Leiosphaera sp., Climacograptus sp., Rhabdohydra tridens Koziowskl and thelodont
scales (KozLowsk 1, unpublished). Silurian?

Boulder no. ZPAL 0324, Mochty (province of Warszawa). Ordovician? Limestone with
conularid fragments, Tusmanites sp., Chitinozoa, scolecodonts, Diplograptus sp., Mastigo-
graptus sp., Beklemishevites grandis gen. n., sp. n.

Boulder no. ZPAL 0.331, Mochty (province of Warszawa). Ordovician. Grcey, fine grained
limestone with Conotreta sp., Dendrograptus sp., Dictyoncma sp., Byronia ngumovi KOZLOWSKI,

Boulder no. zZPAL 0.334, Mochty (province of Warszawa). Ordovician. The lithological
characteristic and the assemblage of fossils in Kozrowsk1 (1960). Rhicbdolydra tridens Ko-
ZLOWSKI.

Boulder no. ZPAL 0.366, Zakroczym (province of Warszawa). Middle Ordovician. The
lithological characteristic and the assemblage of fossils in Kozrowsk1 (1962), KIELAN-JA-
WOROWSKA (1962, 1966) and GORKA (1969). Ascosyrinx tenuis Kozrowskl and Rhabdolydra
tridens KOZLOWSKI.

Boulder no. zPAL 0389, Zegrze (province of Warszawa). Ashgill? Baltic limestone with
Porifera, Radiolaria, scolecodonts, Climacograptus sp., Rhabdohydra tridens Koziowski
(Kozrowskl, unpublished).

Boulder no. ZPAL 0.390, Zegrze (province of Warszawa). Ordovician? Light compact
limestone with brachiopods, conodonts and scolecodonts (KozrLowsk1, unpublished). Byronia
naumovi KOZLOWSK 1.

Boulder no. ZPAL 0.392, Zegize (province of Warszawa). Ordovician? The lithological
characteristic and the assemblage of fossils in GORKA (1969). Rhabdohydra tridens KozLow-
SKI.



136 PIOTR MIERZEJEWSK]

Boulder no. ZPAL 0.400, Mochty (province of Warszawa). Middle Ordovician. The litho-
logical characteristic and the assemblage of fossils in KIELAN-JAWOROWSKA (1962, 1966),
Kozrowsk1 (1967) and GORKA (1969). Rhabdopleurites primaevus KOzZLOWSKI.

Boulder no. ZPAL 0.424, Miedzyzdroje (province of Szczecin). Ordovictan. Grey, fine
grained, compact limestones with conodonts and scolecodonts (Kozrowsk1, unpublished).
Byronia robusta (KozLOwsK1).

Boulder no. zPAL 0468, Mochty (province of Warszawa). Ordovician. The lithological
characteristic and the assemblage of fossils in GORKA (1969). ?Rhabdopleurites sp. B.

Boulder no. zPAL 0469, Mochty (province of Warszawa). Middle? Ordovician. The
lithological characteristic and the assemblage of fossils in KIELAN-JAWOROWSKA (1966) and
GORKA (1969). Ascosyrinx tenuis KOZLOWSKI.

Boulder no. zZPAL 0470, Mochty (province of Warszawa). Middle? Ordovician. The
lithological characteristic and the assemblage of fossils in K1ELAN-JAWOROWSKA (1966) and
GORKA (1969). Kozlowskisyrinx graptovermiformis gen. n., sp. n.

Boulder no. ZPAL 0.498, Mochty (province of Warszawa). Ordovician. The lithological
characteristic and the assemblage of fossils in GORKA (1969). Ascosyrinx tenuis KOZLOWSKI,
Rhabdohydra tridens KOzLOWSK1, Sokolovites pogonophoroides KOZLOWSK]I,

Boulder no. ZrAL 0499, Mochty (province of Warszawa). Ordovician. The lithological
characteristic and the assemblage of fossils in GORKA (1969). Rhabdohydra tridens KozrLowsk1,
MRhabdopleurites sp.

Boulder no. ZPAL 0.501, Mochty (province of Warszawa). Ordovician? Light grey, coarse
grained limestone with Tasmanites sp., foraminifers, chitinozoans, Dictyonema sp. and Rhabdo-
hydra tridens KozLOWSKI.

Boulder no. ZPAL 0.533, Mochty (province of Warszawa). Middle? Ordovician. The
lithological characteristic and the assemblage of fossils in Kozrowsk1 (1970a). Rhabdopleurites
primaevis KOZLOWSKI.

Boulder no. zPAL 0542, Mochty (province of Warszawa). Organogenic, coarse grained
limestone with scolecodonts, brachiopods, chitinozoans and graptolites (Graptolodendrum
sp., Mastigograptus sp., Dictyonema sp., Climacograptus sp., Diplograptidae, Tuboidea),
Rhabdopleurites primaevus Kozrowsk1, Ordovician.

Boulder no. ZPAL 0.544, Mochty (province of Warszawa). Grey, compact limestone with
foraminifers, scolecodonts, brachiopods (Conotreta sp.) and graptolites (Dictyonema sp. and
others). Rhabdopleurites primaevus KOZLOWSKI.

Boulder no. zZPAL 0.555, Mochty (province of Warszawa). Ordovician. The lithological
characteristic and the assemblage of fossils in GORKA (1969). Rhabdohydra tridens KozrLowsk1,

Boulder no. zrAL 0.642, Wolin (province of Szczecin). Ordovician? Compact, fine grained
limestone with scolecodonts, chitinozoans, conularids and graptolites. Rhabdohydra iridens
KOZLOWSK .

Boulder no. ZPAL 0.693, Mochty (province of Wawzawa) Ordovician? Light, compact
limestone. ?Rhabdopleurites sp.

Boulder no. zZPAL 0.695, Mochty (province of Warszawa). Ordovician? No information
on lightology and fossils. Kystodendron aff. subtilis KOzZLOWSKI.

Boulder no. Mz/2, Orzechowo (province of Stupsk). Ordovician or Silurian. Grey, fine
grained limestone with scolecodonts and chitinozoans. Problematicum B.

Boulder no. Mz/11, Orzechowo (province of Stupsk). Light grey limestone with glauconite,
partly silicified. Caradoc. Algae — Coelosphaeridium cyclocrinophilum Roemer, Cyclocrinites
porosus STOLLEY, Mastopora concava EXCHWALD, Tasmanites sp., Chitinozoa — Desmochitinu
sp., Conochitina proboscifera EXSENACK, Cyathochitina cf. kukersiuna E1SENACK, Foraminifera —
Blastammina sp., Hydrozoa — Chaunograptus flexuosus (Kozrowskr), Polychaeta — Luno-
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prionclla symmetrica TISENACK, Atraktoprion sp., Polychactaspis sp., Pistoprion sp., Tenta-
culitida — Homoctenus sp., Graptolithina — ?Epigraptus sp.

Boulder no. Mz/14, Orzechowo (province of Stupsk). Ordovician. Light grey limestone
with glauconite. Algac — Baltisphaeridium sp., Chitinozoa — Cyathochitina campanulaeforniis
Eisenack, C. calyx EISENACK, Conochitina robusta Eis., Hydrozoa —— Rhabdohydra tridens
Kozrowski, Polychaeta — Tetraprion sp., Xanioprion sp., Graptolithina — Kozlowskitubus
erraticus (KozLowsk1), Dendroidea.

Boulder no. Mz/18, Orzechowo (province of Slupsk). Limestone lithologically similar
to the Baltic limestone. Ordovician (Caradoc?). Mclanosleriloidea — AMelunocyathus dentatus
Eis. and others, Foraminifera — Blastammina sp., Chitinozoa — Cyathochiting  campanie-
lueformis E1s., Conochitina sp., Lagenochitina sp., Polychacta — ?Mochtyella sp., Polychaetaspis
sp., Hydrozoa — Rhabdohydra tridens KozrLowskl, Pterobranchia — Kystodendron sp., Graplo-
lithina — Koezlowskitubus erraticus (KozLowskl), Mastigograptus sp., Dendrotubus sp., Pro-
blematicum — Parachitina curvata Eis.

Boulder no. Mz/24, Orzechowo (province ol Stupsk). Limestone lithologically similar to
the Baltic limestone. The presence of Discograptus schmidti WiMAN suggested Upper Ordo-
vician age of the boulder (see UrBaNEK and Towr 1974: 2). Melanoscleritoidea — Melano-
rhachis brachycladus EYSENACK, ?Melanorhachis sp. and others, Chitinozoa — Conochitina
sp., Lagenochitina sp., Hydrozoa — Chaunograptus flexuosus (KozLowsk1), Polychacta —
Mochtyella fragilis SZANIAWSK 1, Atraktoprion sp., Polychaetaspis sp., Lunoprionella aff. asymmc-
trica E1SENACK, Graptolithina — Discograptus schmidti WIMAN.

Boulder no. Mz/30. Orzechowo (province of Stupsk). Light grey, fine graincd limestone.
Ordovician (Caradoc?). Algae — Tasmanites sp., Hydrozoa ?Rhabdoliydra sp., Polychaeta,
Graptolithina — Micrograptus sp.

Boulder no. MZz/38, Poddebie (province of Slupsk). Light grey, coarse grained limestone,
Silurian. Melanoscleritoidea — Melanorhachis brachycladus E1sENACK and others, Chitinozoa —
Ancyrochitina primitiva ExseNACK  and others, Polychaeta — Mochtyella ex gr. (rapezoideu
KieLaN-JAWOROWSKA, Vistulella sp., Xanioprion sp., Lunoprionella sp., Polychuaetaspis sp.,
Symmetroprion sp., Pterobranchia — Kysiodendron sp., Graptolithina — Epigraptus kozlowskii
MIErzEIEWSK L, Problematica — Chitinodendrim baceiferum E1SENACK.

Boulder no. Mz/39, Ustka (province of Stupsk). Light grey, coarse grained limestone.
Ordovician or Silurian. Foraminifera, tabulates, Scyphozoa — Byronia robusta (KozLowskr),
Polychaeta — Polychactaspis sp., Paulinites sp., ?Xanioprion sp.

Boulder no. MZz42, Orzechowo (province of Stupsk). Llanvirn — Eoplacognathus pscu-
doplunus Zonc. The lithological characteristic and the assemblage of fossils in M IERZEJEWSKI
(1977, 1978a). Eisenackisyrinx curvatus gen. n., sp. n., Problematicum A.

Boulder no. Mz/61, Rewal (province of Szczecin). Grey, organogenic limestone. Ordovician?
Scolecodonts, Pterobranchia — Rhabdopleurites primaevus Kozrowsk1, Graptolithina — Epi-
grapius sp., Mastigograptus sp., Kozlowskitubus erraticus (Kozi1owski).

Boulder no. MZz/96, Jarostawiec (province of Stupsk). Light, organogenic limestone. Or-
dovician (Caradoc?). Foraminifers, chitinozoans, Problematica — Ascosyrinx tenuis KozLow-
SK1, Parachitina curvata EISENACK.

Boulder no. Mz/116, Orzechowo (province of Stupsk). Pyritized, light grey, fine grained
limestone. Ordovician? Foraminifers, Chitinozoa — Cyathochitina campanulaeformis EISE-
NACK, Hydrozoa — Rhabdohydra tridens KozLowsk1, Polychaeta — Mochtyella fragilis Sza-
NIAWSKI, Pterobranchia -—— Kystodendron longicarpus (E1SENACK), Graptolithina — diplograptid
graptoloids.

Boulder no. Mz/125. Poddgbie (province of Stupsk). Grey, pyritized, coarse grained
limestone. Ordovician? Algae — Baltisphaeridium longispinosum (EISENACK), Tasmanites
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sp., Chitinozoa — Desmochitina minor ovulum EiSENACK, Cyathochitina sp., Polychaeta — Mo-
chiyella fragilis SzAN1AWSK1, Rhytiprion magnus KIELAN-JAWOROWSKA, Rakvereprion balticus
(EISENACK), Xanioprion sp., Pistoprion sp., Pterobranchia — Kystodendron longicarpus (E1-
SENACK), tuboid and crustoid graptolites, graptoblasts, remnants of eurypterid cuticle, Pro-
blematicum — Xenotheka klinostoma EISENACK.

Boulder no. Mz142, Poddgbie (province of Slupsk). Upper Silurian. The lithological
characteristic and the assemblage of fossils in MierzisEwskl (1978¢). Kystodendron tcner
sp. n.

Boulder no. MZj143, Poddebie (province of Stupsk). Upper Ludlow. The lithological
characteristic and the assemblage of fossils in Mierzescwsk1 (1977). Pterobranchia — Kysto-
dendron tener sp. n.

Boulder no. Mz/151, Warszawa. Dark grey, coarse grained limestone. Ordovician?
Hydrozoa — Rhabdohydra tridens Kozrowskl, Graptolithina — Kozlowskitubus erraticus
(Kozrowski), Problematicum C.

METHODS

Chemical methods

Methods of etching organic microfossils from carbonate rocks were exhaustively discussed
by KieLaN-JAWOROWSKA (1966). Specimens from the collection of Koziowsk1 were obtained
using these methods as were the majority of specimens extracted by me. However, in some cases
I had to introduce some modifications to methods of treatment of the residuum. In the course
of work I came to the conclusion that forms described in the literature as hydroids of the genera
Cylindrotheca E1stNACK and Kystodendron Kozi.owsk1 actually represent stolons with cysts
of sterile buds of Rhabdopleura. My hypothesis scemed to be supported by the fact that sporadic
narrow and fragile zooidal tubes of Ordovician and Silurian Rhabdopleurida were accompanied
by the above mentioned fossils. Such cases were described by ErseNack (19764) and MIERZE-
1EWsK1 (1977). This suggested that tubes of that type were previously washed out of the residuum
along with clay particles in the course of laboratory work. If this conclusion is correct, zooidal
tubes should be found in unwashed residuum yielding fragments of Kystodendron and Cylin-
drotheca. Therefore, after finding the supposed stolons in the residuum, 1 uscd a different
technique for the remaining part of a boulder. This technique involved searching through
the residuum before its washing. This extremely laborious method gave positive results —
finding of numerous highly fragile zooidal tubes of Rhabdopleurida.

Llectron microscopy

Morphological and ultrastructural studies were done with scanning elcctron microscopes,
Jeol JSM |, Stereoscan and CoATes and WELTER. For some years paleontologists have suc-
cessfully used SEM in studies on ultrastructuie of inorganic skeletons. The SEM methods
appeared so easy to use that there were attempts to introduce them in studies on ultrastructure
of organic microflossils (e.g. RickarDs, HYDE and KrinsLEy 1971, CorrADINI, Russo and
SERPAGLI 1974). However, it was soon found that the methods are rather of limited appli-
cability and even deceptive. This question was discussed in relation to examples of graptolite
periderm (URBANEK 1976b) and polychaete jaws by MIERZEJEWSKA and M IERZEJEWSK 1 (1978).

The main part of the present study was done with the methods of transmission electron
microscopy. The microfossils were embedded in Durcupan or Epon 812 epoxide resin according
to the procedures recommended by the manufacturers or by prolonging several times the time
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of infiltration. Ultrathin sections were cut by diamond knives with L.K.B. I, L.K.B. IIT and
Tesla BS 490 A ultramicrotomes. Staining tests of seclions were conducted by Reynolds” methods
with the use of a 29 uranyl acetate, 29, potassium permanganate and lead citrate. The studies
were conducted in the JEM 7A, Jem 100B and Tesla BS 500 transmission electron microscopes,
with an accelerating voltage of 60 kV and 80 kV.

The resulting differences between the SEM and TEM methods in studies on organic micro-
fossil ultrastructure may be easily noted by comparing of micrographs (pl. 19: 2—7 and pl. 30:
1—6).

TEM is sporadically used in morphological studies on organic microfossils (e.g. KwiE-
ciNskA and SIEMINSKA 1974). Wider use in taxonomic studies is impeded by its disadvantageous
fecature — the loss of objects analysed by the replica method. Therefore, the specimens analysed
by the method cannot be used as taxonomic types.

During studies of organic microfossils, the TEM is mainly used in analysing their structure.
The results of TEM may widen the knowledge of the structure of a given form suggesting
a basis for more accurate comparisons of the microfossils studied and, sometimes, drawing
some conclusions concerning their affinity. Occasionally, the results make it also possible to
identify thc chemical character of the skeleton-building matter (Towe and URBANEK 1974,
MIERZEJEWSKA and MIERZEJEWSKT 1979a, MIERZEJEWSKI herein) or even to draw some con-
clusions on the nature of biochemical processes (MIERZEJEWSKA and MIERZEJEWSKI 1975,
1978).

The studies carried out with the use of SEM raise some questions of both technical and
interpretational nature. The quality of the data obtained depends very closely on the type of
knife used for cutting. Glass knives, often used in biological and medical studies, should ge-
nerally be avoided in cutting organic microfossils. They appeared almost completely uscless
in the case of graptolite periderm (A. URBANEK, oral inf.) and other microfossils which 1 studied.
Ultrathin sections obtained using glass knives very often display mechanical deformations,
obscuring actual ultrastructure. For wider discussion of that phenomenon in the case of
fossil polychaete jaws and Chitinozoa see MIERZEIEWSKA and M IERZEJEWSK | (1978) and
MIERZEJEWSK I (1981).

Contrasting of sections represcnts a separatc question. Nowadays it is difficult to imagine
biological or medical studics without gorgcously expanded contrasting methods'. However,
all attempts to contrast early Paleozoic material appeared fruitless. This is the case with grapto-
lites (A. URBANEK, oral inf.), fossil polychacte jaws (MIERZEIEWSKA and M IERZEIEWSK 1 1977,
1978) as well as other organic microfossils. Mummified muscle cells of Oligocene spider from
Baltic amber also appeared insusceptible to constrasting (MIERZEJEWSK I, unpublished data).
The lack of susceptibility of early Palaeozoic materials to contrasting may be explained in
terms of the highly advanced or even complete degradation of its original biochemical structure.
This statement is rather surprising in the light of records of aminoacids in graptolite periderm
(FoucarT and JEUNJAUX 1965, FOUCART, BRICTEUX-GREGOIRE, JEUNIAUX and FLORKIN
1965). It may be necessary now to repeat paleobiochemical studies on the periderm,

In the course of TEM studies it is sometimes possible to note the phenomenon contrast
of material as a result of a strong electron beam. This phenomenon has been recorded in grap-
tolites studies (URBANEK, oral inf., and my own observation) found in studying chitin structures.
The classic method of identifing of chitinous structures in modern material requires use of
27, potassium permanganate solution (NevitLE and LUKE 1969). The structures are easily
noted in TEM micrographs of Ordovician material without contrasting. It may be said that
fossilization was here accompanied by the process of “self-contrasting” of tissuc. In comparison

! Countrasting i§ cgnnccted witl} separation of atoms with high atomic number, i.e. those more capable 1o bend electron
beam than the majority of organisms building atoms, in a given object.
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with tlie negative contrasting of LUKE and NrviLLL, we arc dealing here with positive con-
trasting. A sudden pulse with a strong clectron bcam results in marked incrcase in contrast
(see pl. 19: 2, 5 and pl. 30: 5—6). 1 supposc this increase to be due to partial or completc de-
struction of basic matter and contraction of fibrous building matter.

The highly specialized histo- and ultrahistochemical methods cannot be used in studies ol
carly Paleozoic organic structures which is highly disadvantageous for their interpretation.
Sonie conclusions on the nature of organic matter may be only drawn by comparing fossil
and modern ultrastructures. This method has been successfully usced in studies on graptolites
(Towr and Urpanrck 1972, UrRBANEK and TOwEe 1974, URBANEK 19764) and it also appcared
useful in those on the ultrastructure of scolecodonts (MIERZEIEWSKA and MIERZEIEWSK 1
1975, 1977, 1978). However, its applicability appears confined to specific cases. This is duc to the
fact that several biochemically differcnt types of organic matter may appcar complctely homo-
geneous in TEM micrographs. In turn, biochemically different matters may form identical,
morphologically complex ultrastructures. The “parabolic pattern™ ultrastructure, formed
by chitin-protein complexes as well as protein-cholesterol liquid crystals, tunicine fibrils and
chromosomal DNA, may serve as cxamples here. However, 1 treat the “parabolic pattern™
images obtained in studies on Byronia robusta (Kozrowsk1) and Beklemishevites grandis gen.
n., sp. n. as a premise of protein-chitin nature of their skeletons. In that interpretation I takc
into account the fact that the protcin-chitin complex is the only one of these substances
playing an important role as a component of organic skeletons of invertebrates. Moreover, it is
present in scyphothecae of scyphozoans and tubes of pogonophores.

Another question arising in TEM studies is the cstimation of the degree of preservalion
of original ultrastructure by a given fossil object. The possibility of obliteration or deformation
of original structures in the course of fossilization should be always taken into account. The
difficulties in estimating the degrce of advancement of these changes are generally increased
by the fact that we do not know with which modern tissues the studied objects may be compared.
A large part of the objects studied by me appear highly homogeneous. However, it is not excluded
that the homogeneity is of secondary character. Studies on the state of preservation of periderm
of the dendroid graptolite Dictyonema wysoczkianum Kozrowsk1 extracted from chalcedony
from Wysoczki (URBANEK and M IERZEJEWSK Y, in press), showed that this form is characterized
by an entircly different cortex than Dictyonema sp., from a carbonate erratic boulder, previously
studicd by Towr and UrBANEK (1972). The specimen extracted from chalcedony displays obli-
teration of the original fibrous structure and, locally, advanced homogenization of the cortex.
Interpretation of this phenomenon is additionally complicated by the fact that diagenetic
changes did not affect the fusellum which is biochemically close to cortex (URBANLK 19760).

The contribution of carly- and late-diagenetic agents to changes in the original structure
of the wall of Chitinozoa vesicles was recently discussed by Wrona (1980a).

SYSTEMATIC PART

SCYPHOZOA

Scyphozoans (Scyphozoa) are marine cnidarians, almost completcly metagenetic. Within
their life cycles one finds commonly free-living forms (scyphomedusae) as well as sedentary
ones (scyphopolyps, scyphostomae). However, some species are devoid of free or sedentary
stages in the life cycle. The distinct tetramerous symmetry, sometimes combined with incom-
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pleted octomerous or multiplicated octomerous symmetry, is a characteristic feature of both
scyphomedusae and scyphopolyps (BEKLEMISHEV 1957). Living scyphozoans are not represented
by numerous taxa in comparison with other cnidarians. Naumov (1961) was of opinion (hat
there are only about 200 species in present seas.

A number of authors (KIDERLEN 1937, HARRINGTON and MOORE 1956, CHAPMAN 1960,
WERNER 1966, 1967, 1973) assumed close phylogenetic affinities between Scyphozoa and Co-
nulata, a group of enigmatic organisms known from the Cambrian to Triassic. They interpreted
Recent polyps of the order Coronata, allocated in the genus Stephanoscyphus ALLMAN, as
a link connecting the two groups. The structure of conulariids from the Baltic erratic boulders
was studied in detail by Kozrowsk1 (1968). He concluded that this group cannot be regarded
as related with any hitherto described group of the animal world. KozLowsk’s opinion has
been recently discussed by BiscHOFF (1978), who placed conulariids definitely within the Scy-
phozoa.

The records of undoubted scyphozoans in the fossil state are relatively rare. Medusoids
undoubtedly belonging to Scyphozoa are known from the Jurassic onwards, mainly from the
specimens from Solnhofen (KI1ESLINGER 1939). Questionable specimens were reported from the
Precambrian and Cambrian (see e.g. KIESLINGER 1939). Kozrowsk1 (1967) described fossil
thecae of scyphopolyps from Ordovician erratic boulders under the name Byronia naumovi
Kozrowsk1. He also noted that the fossil previously described as Byronia annulata MATTHEW
also represents thecae of scyphozoan polyps.

In zoological literature Coronata scyphopolyps are included under the generic name Ste-
phanoscyphus ALLMAN, treated as an informal collective group. Stephanoscyphus scyphothecae
have the form of high, reversed cones, attached to the basement with apex ending with basal
disc. Scyphothecae vary from a few mm to some cm in height. Individual scyphopolyps often
use scyphothecae of other individuals as a base, forming in this way apparent colonies. Moreover,
some species such as Stephanoscyplhus allmani K1RkPATRICK (fig. 2a) are capable of forming
colonies proper.

In some species characteristic teeth of unknown functional significance may be noted at
inner side of periderm. The presence or lack of these teeth, shape of scyphotheca and character
of its ornamentation, and capability to form colonies are the basic criteria for identification
of recent species (NaUMov 1961). These features may be also easily used in paleontological
studies. It is worth noting that the majority of Stephanoscyphus species were described on the
basis of scyphothecae only.

The structure and chemical composition of scyphothecae are still poorly known. Using
chitosan test, D. M. CHAPMAN (1966) discovered the presence of chitin in scyphothecae of
Stephanoscyphus sp. However, it should be remembered that Jeuniaux (1971) showed this
test to be ambiguous. In studies on microstructure of periderm of S. cf simplex. KIRKPATRICK,
D. M. Cuapman (1966) found it to be two-layered, with inner layer 2.5 times thicker than the
outer. These observations were subsequently confirmed by D, M. CHarMaN and WERNER
(1972). The latter studies showed that the thick inner layer of periderm is secreted by calyx
and stalk of scyphopolyp and the thin inner layer by so-called “junctional secretory band”.
The inner layer is always smooth and the outer — has the characteristic sculpture. Secretion
of the two layers is independent in character. D. M. CHAPMAN and WERNER (1972) also studied
ultrastructure of scyphotheca periderm with the use of TEM. They published only a single
clectron micrograph, not indicating which periderm layer it represents. The ultrastructure
they described as “thin (12 pm) lamellae separated by about the same distance but bridged
at 8 pm intervals by 14 um wide processes whose shape was not determined” (D. M. CHAPMAN
and WERNER 1972: 416). This makes the possibility to compare ultrastructures of modern
scyphothecae and those of fossil Byronia naumovi Kozrowsk1 and B. robusta (KozLowsk1),
studied by me, rather limited.
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Dithecoidea — primitive graptolites or colonial scyphopolyps?

Onut (1964) ascribed a specific role in carly phylogenctic development of graptolites to the
graptolite order Dithecoidea, proposed by him. The order was characterized as comprising
graptolites with bushy to tree-like colonies budding in diads, and dimorphism of thecae (bithecae
missing). According to him, Dithecoidea were the stem group for all the remaining graptolites ¥,
giving rise to the most primitive Dendroidea of the family Dendrograptidac in the Late Cambrian.
The transition from Dithecoidea to Dendroidea was, in this concept, connected with differ-
entiation of thecae, leading to the origin of thecal trimorphism and budding in triads. Within
the order Dithecoidea, OBUT (1964, 1974) differentiated four families (Dithecodendridae, Si-
beriograptidae, Chaunograptidae and Bulmanidendridae), to which he assigned 7 genera and
6 other with reservation. It is worth noting that all the genera, except for Mastigograptus
RUEDEMANN, are known on the basis of imprints or carbonized remains of flattened rhabdosomes
preserved at rock surface.

The above hypothesis concerning the origin of the Dendroidea and systematic position of
Dithecoidea did not get support from graptolite workers. It was treated with marked scepticism
by Burman (1970) who treated the genera placed in Dithecoidea by OBuT as Dendroidea,
Tuboidea, Crustoidea, Stolonoidea as taxonomically uncertain. He also doubted whether all
of them represent graptolites. QuiLty (1971) described genera assigned to Dithecoidea by
OBUT (1964) from the Cambrian of Tasmania, treating them as either Hydroidea or graptolites
of the order Dendroidea. UrBaNek and Towe (1974) and ANDRES (1980) treated the genus
Mastigograptus RUEDEMANN as graptolite incertae sedis. A. URBANIK (1975, oral inf) and
R. Kozrowsk1 (1975, oral inf.) held that it is possible that Dithecoidea (except for the genus
Mastigograptus) do not belong to graptolites at all.

Spzuy (1974) described some fossils from the Middle Cambrian of Spain which he treated
as dithecoid graptolites. He proposed seven new species allocated in three new genera and
described genus Archaeolafoea CuapmaN, previously known from Australia only. The af-
filiation of these forms with graptolites was assumed mainly with reference to alleged finding
of traces of fuselli on some of them. The affiliation was highly questionable for both R. Koz-
rowsk1 and A. UrBaNek (oral inf., 1974). In looking through Recent coclenterate collections
in the Institute of Zoology of the Soviet Academy of Sciences, Leningrad, T noted some colonial
scyphopolyps strikingly similar to the alleged graptolites of Spzuy (1974). The forms, when
found in Early Paleozoic deposits would be undoubtedly interpreted as corresponding to
dithecoid graptolites of OBuT and Spzuy in morphology. Figure 2 shows the striking similarity
of “graptolite” colony of Sbzuy (1974) and that of Recent scyphopolyps of the order Coronatae.
Moreover, the alleged fusclli of the Spanish Dithccoidea may be casily compared with annulation
of scyphopolyp periderm (fig. 3).

OnuT (1964) has drawn too far-reaching conclusions with rtespect to possibilities of
interpretation of his material from the Cambrian of Siberia and those described by some other
authors. The major drawback of these materials is connected with the fact that the aftiliation
of these forms (except for those of the genus Mastigograptus RUEDEMANN which, actually, do
not match the concept of Dithecoidea) with graptolites may be seriously questioned. Even if
the fossils assigned to Dithecoidea were proved to be graptolites, their preservation precludes
tracing the course of stolons and even finding their presence. The only solution to verily OBUT’S
(1964) hypothesis is to study branching details of the stolon system. The course of stolons in
the rhabdosome of Chaunograptus sphaericola (Opix) as shown by OBuT (1964, fig. 36) should
not be treated as observation but rather hypothesis (see also Kozr.owsk1 1962). The state of

2 Subsequently, OsuT (1974) proposed another order of graptolites, Archaeodendrida, the morphology of which is
similarly poorly known as in the case of Dithecoidea.
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Fig. 2.

Comparison of the colony morphology of Stephanoscyphus allmani Kirkpatrick, Recent (w) and Tarnagraptus palmaSpzuy,
Middle Cambrian (b). Alter LELoUP in NauMov and Spzuy.

preservation of Soviet specimens interpreted as dithecoid graptolites is best shown by the fact
that OBuUT (1974) found the alleged traces of fuselli only in those of the species Bulmanidendrum
magnificum.

OBuT (1964) and Spzuy (1974) accept the general shape of the colony as one of features
characterizing Dithecoidea, so I would like to draw attention to BuimMan’s (1970) print that
a number of graptolites traditionally regarded as representatives of the order Dendroidea may
actually belong to the order Tuboidea. Dendroid and tuboid graptolites form very similar
colonies so that, when flattened and carbonized in the course of fossilization, the nature of
budding becomes unclear and, therefore, unequivocal identification is often impossible.

The majority of dendroids described on the basis of such material do not represent actual
taxa but rather “form-genera” (BuLMmaN 1970). Practically, the only criterion used by OBUT
(1964, 1974) to differentiate Dithecoidea from other graptolites is the general shape of the colony
or rather the presence of one type of thecae as the presence of stolothecae was not proved.
If representatives of pterobranchs of the genus Rhabdopeluroides Koziowsk1 or hydroids
Epallohydra Kozr.owsk1 or Desmohydra Koziowsk1 were preserved flattened and carbonized
among remains of other colonial organisms, the use of this criterion would result in their
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allocation in Dithecoidea “graptolites™. Tt is not cxcluded that such assignation has already
tuken place. The genus Chaunograptus RUEDIMANN, interpreted as hydroid by RurbrMann
(1947) and dithecoid graptolite by Osur (1964), is most probably congeneric with the above
mentioned .hydroids Epallohydra and Desmohvdra (see p. 162).

Similarly as some of the above mentioned authors, 1 consider Dithecoidea as an artificial
group, comprising organisms of various, taxonomically distant groups. T am inclined to rcgard
all forms described as graptolites from the Cambrian of Spain by Spzuy (1974) as colonial
scyphopolyps of the order Coronata. My hypothesis is undoubtedly much easier to accept
than that of Spzuy (1974) as it does not require any additional assumptions. Such additional

C

Fig. 3.

Comparison of the periderm annulation in the Dithecoidea (a—»b) and in the Coronata scyphopolyp (¢): a Tarnagraptus
thomasi Sn2uy. b Sotograptus flexilisy Sbzuy, ¢ Stephanoscyphus sp; a and b after Spzuy.

assumption in Spbzuy’s conception is the alleged existence of primitive graptolitcs, budding
in diads and devoid of bithecae, unsubstantiated by any observations. Moreover, the presence
of scyphopolyps Coronata in the Cambrian fully agrees with their modern interprctations as
the most primitive polyps of coelenterates (WERNER 1973).

The reinterpretation of the Spbzuy (1974) “graptolites™ as colonial scyphopolyps has far
going nomenclatoric consequences. Differences between individual taxa of these “graptolites™
are not significant when they are treated as scyphopolyps and, theoretically, they all may be
placed in the genus Stephanoscyphus ALLMAN, Taxonomy of recent Scyphozoa polyps from
the Order Coronata was not long ago solely based on the structure of skeleton, since the fea-
tures connected with metageny were not used for taxonomical purposes prior to WERNER
(1971). As | mention above (p. 141), Stephanoscyphus, a formal genus, is used as a collective
name in zoological practice. However, Stephanoscyphus mirabilis ALLMAN, 1874, the type specics,
appears to be the junior synonym of Nausithoé punctata (KOLLIKER, 1853), so that the name
Stephanoscyphus lost its validity as it appeared to be junior synonym of the name Nuusithoé.
This was not noted by zoologists who, instead of formal introduction of collective group name
for sessile generation of Coronata, traditionally use the invalid name Stephanoscyphus ALLMAN,

In zoological practice, the name Srephanoscyphus is used for both colonial and individual
forms. The species at present described under that generic nime will undoubtedly be allocated
to a few separate families in the future (Naumov 1961). In this respect, zoologists link the future
prospects with the existing possibilities to reconstruct metageny of thesc forms. The lack of such
prospects for those studying fossil Scyphozoa must have some effect on the taxonomic approach
of paleontologists. as there is no hope of classitying fossil scyphopolyps at the family or generic
level in the biological sense. In this work 1 use the generic name Byronia MATTHEW for all the
solitary species of scyphopolyps as well as those forming encrusting colonies but | am treating
it as a name for informal collective group. It is obvious that for me each of the species of Byronia
listed below belongs in a separate genus but there is no way of verifying that assumption.
That is why [ consider as justified, from the point of view of both taxonomy and usability of
classification, a description of all the fossil solitary and encrusting-colony-forming scyphopolyps
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under the name Byroniac MATTHEW. In turn, dendroidal forms such as “graptolites” of Spzuy
(1974) should be allocated in the genus Archaeolafoea CHAPMAN, and also treated as an informal
collective group. When there appears a need to create additional ranks in this classifications,
it would be the best solution to use other informal taxonomical units such as species groups
or sections. This would prevent formation of a break between the taxonomy of modern forms
and that of fossil ones.

One of the genera assigned 10 the Dithecoidea by OBuT (1964), Mastigograptus RUEDEMANN,
seems to require a separate discussion. This cosmopolitan genus comprises a significant number
of species, mainly Ordovician ones, reported from the North and South Americas, North
Africa, Europe and Australia. This is the only group form of Dithecoidea, whose affiliation
with graptolites appears unqucstionable. On the basis of material from Ordovician erratic
boulders, ANDRES (1961) evidenced a distinct thecal trimorphism, i.e. differentiation of thecae
into auto-, bi- and stolothecae, in Mastigograptus. When this is the case, the treatment of Musti-
gograptus as a dithecoid graptolite (OBUT 1964) appears completely unsubstantiated. However,
it should be noted that OBuT and SoBOLEVSKAYA (1967) strongly question the affiliation of
ANDRES’ specimens with the genus Mastigograptus.

Summing up, I would like to note that the so called dithecoid graptolites may be interpreted
as proposed on the basis of superficial similarities to organic fossils representing distantly
related systematic groups. In the Dithecoidea were placed colonial scyphopolyps, encrusting
hydroids (Chaunograptidae. see p. 162), graptolites with well-developed thecal trimorphism
(Mustigograptus) and various incertae sedis organisms (e.g. Dithecodendrum Osur, Siberio-
dendrum OBUT, Siberiograptus OBuT), some of which may represent green algae.

DESCRIPTION
Type Cnidaria HATSCHEK, 1888
Class Scyphozoa GOTTE, 1887
Subclass Scyphomedusae LLANKESTER, 1881
Order? Coronata Maas, 1903
Incertae familiae

Genus Byronia MATTHEW, 1899
Tvpe species: Byronia annulata MATTHEW, 1899

Emended diagnosis. — Scyphothecae long, circular to suboval in cross-section, gradually
widening in distal direction. Scyphorhiza in the form of basal disc; colonial forms also with
stolons. Periderm organic, sculptured with transversal rings, longitudinal striated or smooth.
Solitary or encrusting colonial forms.

Species assigned. — Byronia annulata MATTHEW, 1899, B. naumovi Koziowski, 1967
and B. robusta (KozLowsk1, 1967).

Remarks. — Because of insurmountable difficulties in the taxonomy of fossil scyphopolyps,
I treat this genus as an informal collective group (see p. 144).

Occurrence. — Upper Cambrian of Canada (MATTHEW 1899) and Ordovician of Poland
(Kozrowsk1 1967).

Byronia naumovi KozLowsk1, 1967
(pl. 19: 1; fig. 4

1967. Byronia naumovi Koztowski; Kozrowski 107, figs. 2--3.

Diagnosis (after Kozrowsk1 1967: 107, orig. French). — Scyphothecae conical, circular
in cross-section, more or less bent, with basal discs in proximal part; surface smooth, indistinctly
transversally striated with growth lamellae in distal part. '

10 — Palaentologia Polonica 47
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Material. — Type scries (19 scyphothecae varying in preservation and various scyphotheca
fragments from boulders no. ZPAL 0.121, ZPAL 0.185, ZPAL 0.331 and ZPAL 0.3%0).

Description. — Scyphothecae of this species were discussed in detail by Kozrowsk1 (1967),
so only some supplementary remarks are given here.

Distal parts of scyphothecae sometimes display fairly distinct annular sculpture, resembling
that of B. annulata and modern species of “Stephunoscyphus”. Periderm variable in morphology
connected with both of annular structure and diflcrences in its gloss. Some scyphothecae are
smooth and glossy, others — rough and matt, with intermediates. Material from boulder
0.331 displays scyphothecae with extremely thin discs (Kozeowsk1 1967, fig. 2b, ¢) and those
with discs with diameter markedly smaller than thickness (fig. 4).

el |

Fig. 4.
Byronia naumoyi Kozrowsk1 (ZPAL Sc. 1/1); boulder no. ZPAL 0.331, Mochty, Ordovician.

Ultrastructure, — TEM shows periderm to be fully homogencous (pl. 19: 1).

Remarks, — Kozir.owsk1 (1967) reported boulder 0.121 from Wyszogrod (Middle Ordo-
vician) as the type locality and type horizon of this species. However, these data are invalid
as the holotype was derived from boulder 0.390 from Zegrze and its age may be only generally
referred to the Ordovician, as the type locality and type horizon.

The presence of weak annular sculpture on the scyphothecae of some specimens of B. nau-
movi brings this species to a position morphologically intermediate between B. annulata and
B. robusta.

Occurrence. — Ordovician erratic boulders in Poland.

Byronia robusta (KozLowski, 1967)
(pl. 19: 2-7; fig. 5)

1967. Ascosyrinx robusius Kozrowski; Kozrowsk: 114, fig. 6.

Emended diagnosis. — Scyphothecae varying in height, distally widening, circular in cross-
section, unsculptured. Scyphorhiza strongly developed, usually in the form of flat-convex
disc. Stolons present in colonial forms.

Material. — Type series comprising 9 scyphothecae and some fragments from boulder
ZPAL 0.424 and 7 scyphothecae from boulder Mz/39.
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Fig. 5.
Byronia robusta Kozrowski (ZPAL Sc. 1/2); boulder no. MZ/39, Ustka, Ordovician or Silurian. /—2 distal parts ol scypho-
thecae, 3-—4, 5 fragment of the scyphotheca with the stolon remnant, 6 proximal parts of scyphothecae.

Revised description. — Scyphotheca circular in cross-section, strongly widening in distal
direction. On the basis of the lurgest specimen (fig. 5: 1) it may be assumed thal scyphotheca
together with scyphorhiza were over 5 mm high. Scyphotheca morphology suggests that scypho-
polyp. similar to modern ones, was repeatedly subjected to regeneration related to budding
of scyphomeduses (fig. 5: |—2 here, see also Koziowski 1967, fig. 6b—d). Scyphothecae
ranging from 0.20 to 0.52 mm in diameter.

Scyphorhiza strongly developed in form of flat-convex disc and stolons. Basal disc varying
from almost hemispherical, irregular to subquadrangular in outline and 0.72 mm to 1.07 mm
in diameter. Scyphotheca branching off from disc in its central or peripheral parts. Stolons,
about 15 um in diameter, branching sporadically from basal discs (fig. 5: 5).

The periderm thickness decreases towards distal part of scyphotheca. Periderm unsculptured,
with mat and somewhat rough surface.

Ultrastructure. — The SEM studies showed lamellar structure of periderm but they failed
to give more detailed data on the structure (pl. 19: 6). Details of ultrastructure appeared easier
to trace in the TEM studies on ultrathin sections (pl. 19: 2—35, 7). Lamellae found in periderm
fragments range from 30 to 35 in number in periderm the total thickness of which equals 10—

100
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15 pm (pl. 19:4). [ndividual lamellae are built of electron-dense, arcuately bent fibres embedded
in a matrix of low electron density (pl. 19: 7). The fibre pattern forms a specific image known
in the literature us *“‘parabolic pattern” or “Bouligand paittern”. Depending on the angle at
which periderm is cut, the ultrastructural image vuries (see pl. 19: 3, 7). Fibres vary in thickness
from 250 to 370 A, and lamellae — from 0.15 to 1.10 pm.

Some fragments display fibres slightly denser that the basic matter (pl. 19: 2). A sudden
pulse with a strong beam of clectrons of such preparations usually results in a marked increase
of contrast (pl. 19: 5). This may be cxplained by breakage of the basic matter and, possibly,
shrinkage of fibres (see also p. 140, pl. 30: 5-6).

The ultrastructure recorded appears identical with some images of chitin-protein complexes
(see p. 140). Tuking into account the reservations made on p. 140, | state that the results of
electron microscope studies suggest chitin character of B. robusta periderm.

Remarks. -— Byronia robusta (Kozr.owsk1, 1967) was originally described under the generic
name Ascosyrinx Kozrowsk1 (Koz1.owski 1967y and treated as an organism with enigmatic
systematic position. This was connected with the fact that the type series of this species was
comprising incomplete specimens with missing distal parts of scyphothecae which made them
somewhat similar to A. fenuis Kozrowski, 1967,

Byronia robusta (Kozrowsk) differs from B. naumovi Kozi.owsk 1 in stronger development
of scyphorhiza. It is not clear whether or not the differences in ultrastructure of the scyphothecae
of the two species are of primary nature and what is their eventual taxonomic value (see also
p. 141).

Occurrence. — Erratic boulders of Ordoviciun age in the area of Poland.

Byronia sp. A

Material. — A single specimen {rom the borchole Mielnik 1G 1, depth 1118—1124 m,?
Upper Ordovician.

Description. — A {ragment of flattened scyphotheca 6 mm long, Basal disc missing, Periderm
surface black, smooth and glossy.

Remarks. — The specimen has been identified by Koziowskr and labelled in his own
handwriting as Byronia ordoviciana n. sp., similarly as the type scries of Byronia naumovi
Kozirowsk1. Undoubtedly, Kozrowskt had been studying this specimen along with the B.
naumovi type series and the decision to change the name B. ordoviciana to Lhat of B. naumovi
had been taken after labelling all the specimens. The resusons why that specimen was finally
left aside the B. naumovi type series remain unknown. In the light of the above revision of
B. robusta (Kozrowsk 1), identification of a single specimen of scyphotheca without basal
disc at the specific level is impossible.

HYDROZOA

‘The scope of this study comprises only those of carly Paleozoic hydrozoans which were
capable of building organic perisarc, i.e. Hydroida (as Siphonophorida) are hitherto unknown
from Poland. They were described from the Cambrian (F. CHAPMAN 1919, F. CHAPMAN and
SKEATS 1919, F. CHapMaN and THoMAS 1936, RurbpimManN 1947), Ordovician and Silurian
(Eisenack 1932, 1934, 1968b, 1970a, 1976, KozrLowsk1 19594, SKEVINGTON 1965h, BEHR,
JorpAN and MaLcoLM 1966, LAUFFLD 19794, Devonian (RUEDEMANN 1947, Decker 1948,
1952), and Carboniferous (NITECKI and RICHARDSON 1972, ScHraM and NITECKI 1975).
Still less has been said about Mesozoic Hydroida with organic perisarc. Single forms were



ORDOVICIAN AND SILURIAN ORGANIC MICROFOSSILS 149

described by Eisenack (1935) and Voiar (1973) and some findings were reported by Ko-
ZLOWSK I (1956a), KuLick1 (1969), GocHi (1970), Kurickt and SzaNniawski (1972).

From all the works on fossil Hydroida, a special attention should be paid to that of Ko-
ZLOWSK 1 (1959«). This work, the Jargest of the above, was based on material extracted from
Ordovician and possibly Silurian erratic boulders found in central and northern Poland.
KozLowsk 1 described there 22 species (including 19 new ones). assigned to 14 genera (including
11 newly proposed). He also described several specimens as gonothecac or hydrorhizae of Hydroi-
da. However, the allocation of the majority of these forms in Hydroida appears questionable
as Lhe microfossils described by him include stolons and cysts of sterile buds of pterobranchs
(Pterobranchia) and various problematica the taxonomic position of which is very difficult
to decipher. A number of forms hitherto regarded as Hydroida are here discussed in various
places, so it becomes nccessary to give their list along with some short comments and references.

These are the following genera:

Calyxhydra Kozrowskr, 1959, Hydroida? Rhabdepleurida? — p. 168

Chitinodendren E1SENACK, 1937, Foraminifera? — p. 196

Cylindrotheca Eisenack, 1934, Rhabdopleurida. Nomen dubiuns. p. 183

Desmolivdra Kozrowskr, 1959. Hydroida, Chaunograptidae, junior svnonym of the name Chaunograptus HALL,
1882 —p. 163

Diplohydra Koztowski, 1959. Problematicun — p. 197

Epallohydra Kozrowskr, 1959, Hydroida, Chaunograptidae, junior synonym of the name Channograptus HaLL,
1882, p. 163

Flexilydra Kozrowsk 1, 1959. Hydroida —p, 168

Kystodendron Kozrowsk1, 1959. Rhabdopleurida — p. 182

Lagenohydra Kozvowsk i, 1959, Pterobranchia? - p. 193

Palaeotuba Eisenack, 1934, Hydroida, Rhabdohydridae — p. 160

Phragmohydra Kozrowskr, 1959, Problematicum — p. 199

Rhabdohydra Kozrowsk1, 1959. Hydroida, Rhabdohydridae — p. 152

Trimerohydra Kozrowski, 1959. Graptolithina, Acanthograptidae; junior synonym of the name Koremagraptus
BuLMmaN, 1927 (see Kozrowski 1963a).

Yenohydra Kozrowskr, 1959, Problematicum — p. 199

The taxonomy of Ordovician and Silurian hydroids is troublesome. In modern forms,
taxonomy is carried out with reference to such features as structure of body of polyps and
medusae, the nature of metagenesis, arrangement of colony. and details of perisarc structure
(Naumov 1960). The matcrial available for studies on early Paleozoic Hydroida consists,
as a rule, of strongly crushed fragments of perisarc which makes impossible analysis of the majo-
rity of the above features. The difficultics in analysing the material are best shown by the fact
that even differentiation of Athecata and Thecaphora may be highly debatable. 1t follows that
the presence or lack of thecae ts nol fully reliable as a criterion for differentiation of the suborders.
There is a modern hydroid of the suborder Thecaphora which is devoid of both hydrothecae
and gonothecae — Melicertum campanula (FABRICIUS) of the family Campanulinidae. Nau-
Mov (1960) interpretes that lack as secondary, drawing attention to a trend to reduction of
thecae in another genus of the same family (Campanopsis). The two forms may be assigned
to Thecaphora essentially thanks to the knowledge of their medusae only.

In the light of the above data it is clear that taxonomical decisions fossil Hydroida workers
arc inevitably highly arbitrary in character.

SOME REMARKS ON THE HYDROIDA SKELETON

The ability to develop cxternal skeleton by sessile stages became factor of decisive signi-
ficance for evolutionary success of the Hydroida and the direction of their phylogenetic de-
velopment. The skeleton may be cither organic (Limnomedusae, Athecata, Thecaphora) or
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mineral (Hydrocorallia) but always of cctodermal origin. So, the long-held and widely accepted
idea of the existence of mesogleal skeleton in Solandendriidae appeared erroneous (VERVOORT
1966). The organic skeleton of the Hydroida originates due to activity of specialised ectodermal
cells, randomly distributed among epitheliomuscular ones (LEcNDENFELD 1883). They secret
a matter called periderm or cuticle, which surrounds the coenosarc and, to greatest or smaller
degree, the polyps. The overwhelming majority of colonial hydroids are characterized by
clastic, translucent or yellow- to brown-coloured or, sometimes, colourless periderm. With
the passage of time, the periderm may become black and opaque. The mechanism
of this phenomenon remains unknown but changes of this type may be due to increase in degree
of sclerotization or secretion of granular bodies markedly enriched in iron as in the case relic
periderm of scyphistome theca (D. M. CHAPMAN 1968).

The chitinous nature of the Hydroida (actually Thecapora) periderm was experimentally
shown by HyMAN (1940). Her results were further supported by results of chitinosan tests of
R1cIARDS (1951). The presence of chitin was also suggested by x-ray studies (RupaLr 1955).
Accurate data given by JEUNTIAUX (1963, 1965, 1971) show that chitin content in the periderm
of some Hydroida is varying from 3.2 to 30.3%,. Chitin occurs in the periderm in association
with some unidentified albumens, sometimes hardened with tannin acid (RupaLL 1955, JEU-
NIAUX 1971).

Typical periderm of the Hydroida, characteristic of Thecaphora and some Athecata and
Limnomedusae, originated in phylogeny by hardening of gelatinous sheaths of primitive forms
(REES 1957). The sheaths were presumably very similar to the perisarc of some modern Corymorp-
inae, Tricyclusa and some species of Myriothela. The latter hydroids produce perisarc in the form
of irregular, gelatinous sheaths mainly consisting of mucopolysaccharids and an insignificant
admixture of chitin (VERVOORT 1966 and written note on unpublished results). According
to VERVOORT (1966), further evolution was connected with increase in share of chitin at the expense
of mucopolysaccharids, and sclerotization involving secretion of proteins. Regs (1957) suggested
the possibility of independent evolution of perisarc in some hydroid groups, treating various
Athecata sheaths as some kind of “natural experiments” aimed at producing a rigid skeleton.

The question of development of perisarc in onto -and phylogeny appears underestimated
by Rees (1957) and VERVOORT (1966). This is suggested by some data on secretion ectodermal
cells in Hydrozoa, mainly obtained with the use of electron microscopy techniques. MACKIE
(1960) found both typical thick periderm developed around pneumatophore and a very thin
cuticle formed by unspecialized ectodermal cells in Physalia (Siphonophora). Similar cuticle
was reported in Hydra by LENTZ and BARNATT (1965) and Lentz (1966). In the latter genus,
the cuticle covers a typical “unit membrane” and it consists of a thin (0.1 um) lower layer built
of homogencous matter with high electron density, and an upper layer (0.5 pm thick), built
of granular or fibrillar matter. D. M. CHapMaN (1969) found cuticle of that type in Clava
(Athecata). In that genus it is also two-layered but ultrastructurally different. Lower layer is
thin (0.3 um thick), fairly loose in structure and penetrated by microvilli at its whole thickness,
and the upper — 0.8 pm thick, built of tightly packed indistinct fibrils, set parallel to cell
surface.

D. M. CHapmaN (1969) proposced the following classification of Cnidaria cuticle:

I. Relatively thin cuticle
a) with microvilli,
b} without microvilli.
11. Relatively thick, chitinous cuticle
a) with desmocytes,
b) without desmocytes.

Studies of the structure of periderm of modern forms were hitherto very random in character.

This is especially the case of those of BrocH (1929), ManTon (1941) and Naumov (1960).
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The differences in chiemical composition should be reflecled by the micro- and ultrastructure
of the periderm but no data on that subject is found in the literature.

My studies on the ultrastructure of the Hydroida periderm, initiated some years ago
(MIERZEJEWSK1 1974), were aimed at checking whether or not they supply some important
data for taxonomy and far the evolution of this group of Cnidaria. The studies covered two
modern species — Eudendrium capillare ADLER, 1857 (Athecata, Eudendriidae) and Sertularia
argentea ELL. et SoLL, 1786 (Thecaphora, Sertulariidae) — and six fossil forms which were
at that time inlerpreted as representatives of the Hydroida, in accordance with the point of
view of KozrLowsk 1 (1959a). The results obtained showed ultrastructural studies on the periderm
completely useless for solving taxonomical problems. Ultrastructure of periderm in modern
representative of Athecata appeared equally homogeneous (pl. 34: 8) as in modern representative
of Thecaphora (pl. 24: 5), not differing in a significant way from that of stolons of Ordovician
graptolites or some pterobranchs.

DESCRIPTIONS
Class Hydrozoa OwEN, 1843
Order Hydroida Jounston, 1836
Suborder Athecata HINCKsS, 1868

Family Rhabdohydridae fam. n.
Type genus. Rhabdohydra Kozlowski, 1959

Diagnosis. — Hydroida forming monopodial colonies with coenosarc growth zones. Colony
with thick, monosiphonal stem. Sheaths of polyp stalks long and narrow. Polyps distributed
regularly or randomly within colony.

Genera assigned. — Rhabdohvdra Koziowskl, 1959; Palacotuba E1SENACK, 1934.

Remarks. — The systematic position of the new family in the order Hydroida is rather
unclear. Although Kozrowsk1(1959a) did not place the suborder affiliation of the genus Rhab-
dolydra, he used thc term “theca” in description of that form. It should be also noted that
SKEVINGTON (1965b) assumed the presence of gonothecae in the periderm of that genus. The
use of the terms “theca™ and “gonotheca” unequivocally indicates that these authors interpreted
Rhabdohydra as a representative of the suborder Thecaphora. My detailed studies on the mor-
phology of the perisarc of Rhabdeoliydra tridens, based on very rich material, showed that the
so-called thecae actually represent sheaths of the polyp stalks and gonothecae — small fragments
of lateral branchings of colonial stem. It follows that the morphology of polyp perisarc argues
against allocation of Rhabdohydra in this suborder. On the other hand, monopodial colonies
with coenosarc growth zoncs, typical of that genus, are at present found only in the Thecaphora.
No equivalents of the shape and organization of colony of Rhabdoliydra are known in modern
Hydrozoa.

Rhabdohydridae fam. n. is here assigned to the Athecata, taking into account the lack of
thecae and high organization of colony. The latter feature speaks against its eventual assignation
to the suborder Limnomedusae. However, it cannot be excluded that Rhabdohydridae fam. n.
may represent an extinct, hitherto unknown suborder of Hydroida. Data on the anatomy of
polyps and the nature of metagenesis are, unfortunately, missing. So any further considerations
on that subject would be merely speculative.
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Genus Rhabdohydra KozLowskl1, 1959

Type species: Rhabdoliydra tridens KozLowski, 1959

Emend. diagnosis. — Polyps developing on common basc? or, less frequently, directly at
colonial stem and hydrorhiza stolons. Stem rigid, monosiphonal, usually straight, sometimes
branching. Hydrorhiza filamentous.

Species assigned. — Rhabdohydra tridens KozLowsk1, 1959, Rhabdohydra multiplex sp. n.

Remarks. — The reconstruction of the astogenesis and studies on the taxonomy of this
genus were hitherto markedly impeded by unsatisfactory preservation of hydrosomes and the
unknown range of variability of the type species. The situation was made worse by the fact
that the use of material from various erratic boulders and drillings in reconstructions of hydro-
somes would be inappropriate. It appears impossible to exclude, g priori, the possibility that
the recorded variability in the morphology of branches coming from different localities actually
reflects differentiation of the genus in a few species of different age. Wide stratigraphic range
of that genus support these apprehensions. That is why I decided to redescribe the type species
and to establish its variability range mainly on the basis of material coming from a single er-
ratic boulder. This scemed to be the only way to be assured of the isochronous character
of the material. The material also had to be rich enough for sufficiently complete evaluation
of inter-colonial variability in this species. 1t was also possible that the sample comprised remains
of more than one species of Rhabdohydra but that risk was unavoidable. Despite of the above
reservations, I am sure that the reconstruction of R. tridens colony and the evaluation of
inter-colonial variability has been carried out on conspecific material. Single fragments of
branches derived in the course of my studies from different localities often differ so much from
one another that | was initially inclined to ascribe a specific rank to the differences. The study on
the R. tridens colony, carried out in the way described above, made it possible to state that
the differences fall within the limits of intra-colonial variability of this species. Only in one
single case were they so high that it was neccssary to propose a new species.

Rhabdolydra colonies differ markedly in morphology from those of all hitherto described
modern and fossil coelenterates. They appear strikingly similar to rhabdosomes of the graptolite
Mastigograptus RUEDEMANN, described from an erratic boulder by ANDRES (1961), 1n the shape
and distribution of colonies within them. The similarity should be interpreted as convergence
only.

Occurrence. — Ordovician in the Baltic Region.

Rhabdohvdra tridens Kozrowskl, 1959
(pl. 20, pl. 21: 1—6, pl. 22, figs. 6—10)

1959a. Rhabdohydra tridens Kozrowski; Kozrowski: 235, tig. 14 A—D, G—H.
19594, Fragment d’hydrorhize; Kozrowski: 261, fig. 31C.

1965b. Rhabdohydra tridens KOzLowsKt; SKEVINGTON: 156, figs. 6—38.

1976. Rhabdolydra tridens Kozrowski; EIsENACk: 185, pl. 1: 6.

New diagnosis. — Polyps mainly grouped at common bases, as a rule in threcs and fours.
Material. — Some hundreds of fragments of stems and about 30 fragments of hydrorhizae

from erratic boulders:
ZPAL 0.25, ZPAL 0.26, ZPAL 0.29, ZPAL 031, ZPAL 0.52, ZPAL 066, ZPAL 094, ZPAL 0.167,
ZPAL 0.168, ZPAL 0.170, ZPAL 0.179, ZPAL 0.181, ZPAL 0.182, ZPAL 0.322, ZPAL 0.334,

* The name “conunon base™ is here given Lo shorl projections ol colonjal stem on which polyps were developing in
Rhabdohydra (see pl. 21: 3—4).
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ZPAL 0.366, ZPAL 0.389, ZPAL 0.392, ZPAL 0.498, ZPAL 0499, ZPAL 0,501, ZPAL 0.555, ZPAL
0.642, MZ/14, MZN18, Mz/151 and borcholes Krzyze 4 (depth 471—473 m) and Biala Podlaska
2 (depth 680—687 m).

Description. — Type material (holotype and two paratypes) of Rhabdohydra tridens was
studied without much precision by Kozrowski (1959a). Conscquently, the description of this
species, based on its morphology, is inaccurate with reference to such features as distribution
of nodes on stems and structure of the nodces, 1.e. common bases. This madc it necessary to
redescribe the type material herc.

The holotype (scc Kozrowskt 1959¢«, lig. 14A) is a lragment ol a straight stem 2.54 mm
long. The stem displays 4 common bases, diverging from it at an angle of about 45”. Each of
the lower three common bases displays 3 sheaths of hydranth stalks, and the clearly damaged
fourth only a single one. All the common basecs are arranged at one side of the stem but this
is only duc to its twisting and flattening alter death of the colony. The reconstruction of ori-
ginal shape of the stem shows common bascs to be situated on its different sides, so the above
onc-sided distribution is an artcfact.

The type locality and horizon ol (his specics remain  unknown as Kozrowski (1959a)
did not give any data on that subject. The original label of the specimen also fails to solve
this question. It is only certain that the holotype has been extracted from an crratic boulder
found in Poland. There is no reason to assume that the holotype comes from the same boulder
as the paratypes (i.e. boulder no. ZPAL 0.182) as KozrLowskl (1959a) often placed specimens
coming from differcnt boulders in a single type series. Cotypes and paratypes of Cylindrotheca
subtilis KozLOwsKI may serve as an example here.

The two paratypes of Rh. tridens completely fail tlo malch the diagnosis of that species
and they differ markedly from the holotype. Kozrowski (1959¢) ncither figured nor described
these specimens, giving only the number and spacing of nodes. The specimen treated as the
paratype | is a fragment of curved stem 6.1 mm long and about 67 pm wide (pl. 20: 3). It displays
7 nodes, none of which is situated on common bases and only thrce with single sheaths of
polyp stalk. The remaining nodes are very strongly damaged and devoid of stalk sheaths.
The paratype 11 is almost a straight lragment of stem, 6.4 mm long and 67—72 pm wide (pl. 20:
2), with nine nodcs, only onc of which is similar in morphology to those of the holotype. The
nodc is in the form of common base with two shcaths of polyp stalks, whereas the remainings
ones display single stalk sheaths sometimes thickened at the base. On both paratypes, nodes
arc distributed on various sides of branches. Howcver, some regularity may be found as the nodes
scem to mark various points of helisa apparently running at surface of stem of colony.

The hydrorhiza of RA. tridens was hitherto unknown. It is formed of by a twine of filamentous
stolons (fig. 6; pl. 20: 8—11; pl. 21: 5—6). Stolons have the form of flattened tubes 80-—200 xm
in diameter, with irregular widenings and narrowings along their whole length. Single sheath
of hydranth stalks sporadically grow directly upwards from stolon surface (fig. 6: 1, fig. 8: 2).
Stolons of large hydrorhiza fragments are sometimes intertwined so densely that it is impossible
to trace their course. The stolon surface is mat and rough. Stolons are often branching, always
by bifurcation. This results in origin of pairs of descendant hydrorhizal stolons (fig. 6: 6),whereas
stolons acting as the stem of colony (hydrocaulus) risc upwards from lateral surface of the hy-
drorhizal stolon. The process of branching of the colony stem may be traced in detail in indi-
vidual phases. The stem runs for some time along the hydrorhizal stolon at the base. In this
growth phase, it is possible to identify stem stolons on the basis of their circular section and
smooth, glittcring periderm. It subsequently rises above the basement and begins to grow marked-
ly faster than the accompanying hydrorhizal stolon (fig. 6: 2). When the stem rises, the hy-
drorhizal stolon describes a loop around it. The loop, either dextral or sinistral, is an extremely
characteristic morphological feature of the Rh. tridens colony. Periderm of loop is at first mar-
kedly less strongly sclerotized than that of the young stem around which the loop is developed.
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Fig. 6.

Rhabdohydra tridens Kozrowsk1. [ Fragment of the hydrorhiza with the hydranth sheath and the proximal part of the
stem (ZPAL Hz. 1/16), boulder no. ZPAL 0.366, Zakroczym, Middle Ordovician, X ca. 25; 2 Young stem with the
fragment of the hydrorhiza (ZPAL Hz.I/17), boulder no. ZPAL 0.555, Mochty, Ordovician, X ca. 25; 3 Fragment of the
hydrorhiza with the proximal part of the stem (ZPAL Hz.I/18), boulder no. ZPAL 0.366, Zakroczym. Middle Ordo-
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A hr

Fig. 7.
Rhabdohydra tridens Kozrowsk 1. Three diflcrent types of hydrorhiza stolon branching, Abbreviations: & hydranth sheath
hc stem, hr hydrorhiza stolon.

Sporadically, the loop is not formed by a “sister”, stem-accompanying stolon but by one of
those passing nearby (fig 7B).

The hydrocaulus branches out much less often than the hydrorhizal stolons. It bifurcates
in the upper parts of colony (pl. 20: 5) or, exceptionally, just after rising above the substratum
(fig. 8: 2). The stem varies from 50 to 90 pm in diameter, quite clearly thickening upwards.
The colony displays marked heteropolarity in structure: almost only single hydranths are found
in lower part of the colony stem, whereas almost all occurring in the upper parts are grouped
on common bases.

vician, xca. 30;. 4 Fragment of the hydrorhiza with the proximal part of the stem (ZPAL Hz.I/19), boulder no. ZPAL

0.366, Zakroczym, Middle Ordovician, Xxca 30; 5 Young stem with the fragment of the hydrorhiza ZPAL Hz.1/20,

boulder no. ZPAL 0.555, Mochty,tOrdovician, X ca. 30; 6 The largest ragment of the hydrorhiza with preserved

proximal part of the stem (ZPAL HzJI/21), boulder no. ZPAL 0.366, Zakroczym, Middle Ordovician, xca. 25;

7 Fragment of the hydrorhiza with the proximal part of the stem (ZPAL Hz.I/22), boulder no. ZPAL 0.366, Zakro-

czym, Middle Ordovician, xca. 30. Abbreviations: H hydranth sheath, HC stem, AR hydrorhiza stolon, dotting
shows translucent part of the periderm.
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Fig. 8.
Rhabdohydra tridens Kozrowsk 1. Fragments of stems. I long fragment with three young latcral branches (ZPAL Hz.1/23),
xca. 30, 2 early bifurcated young stem with young lateral branch (ZPAL Hz.I/24), xcu. 60, 3 fragment of stem partly
regenerated (ZPAL Hz.1/24), xca. 60, 4 distal part of the stem with lateral branch (ZPAL Hz.1/25), Xca. 60, 5 fragment
of the stem with two lateral branches (ZPAL Hz.[/26), xca. 30, 6 fragment of the stem (ZPAL Hz.I/27), xca. 40. All
specimens from the boulder no. ZPAL 0.366, Zakroczym, Middle Ordovician. Abbreviations: B lateral branch, HC stem,
HR hydrorhiza stolon, A hydranth sheath, R regenerated part of the stem.
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Fig. 9.
Rhabduvhydra rridens Kozrowsk 1. Differentiation of nodes, xca 35. Boulder no. MZ/18, Orzechowo, Ordovician.

Groups of polyps rising from common bases comprise 3-—4 or, rarely, 2 individuals. Figure
9 shows the variability in morphology of groups in colony. Spacing of the groups is also highly
variable but there may be a marked trend to their arrangement along the helisa. Hydranth groups
are sporadically accompanied by single individuals growing up directly from the stem (fig. 8:
4—S5). Sheaths of polyp stalks are up to 450 um long and 20—35 um in diameter.

The stem sometimes bifurcates at the height of nodes. Sometimes the origin of branch has
negative effect on diameter of the major stem, leading to its decrease in its diameter even to
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that of the hydranth stalk sheath (fig. 8: 4). Along with further growth, the major stem regains
its former diameter. It should be noted that the mujor stem impedes growth of lateral branchings
in a similar way as does its accompanying hydrorhizal stolon at an early growth stage. That
is why it is possible to find fragments of stems with short Jateral branchings (fig. 8: 1, 4, 5).
The latter were misidentified as gonothecae by SkEvINGTON (1965: 158, fig. 7b).

The major stem is usually straight. Its course appears undisturbed by budding polyps
(pl. 20: 2—4, 9; fig. 8: 6), except when a single hydranth develops along the axis of growth of
the colony stem (pl. 21: 2). The apex of the growing colony (fig. 6: 2) is characterized by trans-
lucent stem periderm above the highest-positioned group of polyps. The growth of the stem
presumably ends with the origin of group of polyps at its apex (sec Kozrowski 19595: 236,
fig. 14Db).

@ ®

Fig. 10.
Rhabdohiydra tridens Kozrowsk 1. Four transverse sections at the node level. Abbreviations: /i hydranth sheath, /e stem,
x common basec.

Microstructure. — Studies on transverse, 1—2 pm thick sections (fig. 10) failed to show
any differences in microstructure of the periderm. Sections of colony stem periderm are dark-
brown to cherry-red in colour, opaque, and those of the periderm of hydranth stalk sheaths-
light-brown and translucent. Colony stem and hydrorhiza are characterized by periderm
6—15 pm thick, and sheath of hydranth stalk 1—2 um thick. Accumulations of pale-yellow
material may be often found inside stems and stolons.

Ultrastructure. — Studies on periderm ultrastructure were carried out with the use of SEM and
TEM. SEM analysis of fractured stems and hydrorhiza stolons failed to show any ultrastructural
differences. Preliminary results of TEM studies on periderm ultrastructure have been presented
previously by MICRZEIEWSKA and MIERZEJEWSKI (1974). The periderm seemed to be completely
homogeneous at low magnifications. High magnifications revealed some ultrastructural details,
showing that apparently homogeneous periderm is built of fine granules of high electron density,
embeddced in electronically less dense ground material. The granules are usually fairly well
ordercd along lines concentric to the axis of the branch line (pl. 22: 1, 4). In older parts of colony
branches are characterized by periderm with a thin layer of high electron density, built of lumps
varying in size but generally large, on its inner side. Some of the Tumps seem to be aggregates
composed of smaller units. The boundary between the basic, fine-granulated layer and the up-
holstering, coarse-granulated one is blurred. Tntegration of the Lwo layers must be insignificant
as they very often diverge (pl. 22: 2).

The outer surface of stem periderm is most often smooth (pl. 22: 4) or, somctimes, covered
with large isolated bodies which do not form any continuous layer (pl. 22: 1).

The periderm of hydranth stalk sheaths is devoid of inner coarse-granular layer, being prima-
rily built of ground material with insignificant admixture of granules.
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The periderm of hydrorhiza stolons appears to be cssentially the same as that of the
branches. The fine-granular layer, forming its major mass, displays concentrically spaced
granules, the number and size of which decrease towards its interior. It is covered with numerous
large bodies of high electron density (pl. 22: 6). The upholstering coarse-granulated layer
is missing here and the inner part ol the periderm is relatively poor in granules.

Accumulations of a material characterized by an electron density markedly lower than
that of surrounding periderm, are found inside the stems and hydrorhizal stolons. The matter
is granular in structure in the stems (pl. 22: 5, 7) and amorphous in the hydrorhiza (pl. 22: 3):
and its accumulations appecar to be closely connected with periderm in some places.

The ultrastructural features of the periderm of branches and hydrorhiza, especially the
concentric arrangement of granules, suggest gradual, prolonged formation of skeleton. The
process of formation of colony stem periderm ended with the appearance of the upholstering
coarse-granular layer, known from old parts of a colony only.

The material infilling interior of hydrorhiza stolons and stems should be treated as relics
of periderm forerunners, accumulated in ectodermal cells. Wide distribution of this matter
suggests that epithelio-muscular cells were most capable to secrete periderm. Some electron
micrographs seem to reveal the act of secretion of single cells (pl. 22: 7).

Occusrence. — The Lower Ordovician of the Oland Id (Skevington 19655, E1SENACK 1976),
Middle and Upper Ordovician of Poland.

Rhabdohydra multiplex sp. n.
(pl. 20: 1)

Holotype: A fragment of colony stem with seven nodes, shown in pl. 20: | (ZPAL Hz. I/1).
Type horizon and locality: Ordovician erratic boulder no. ZPAL 0.186 rom Mochty.
Derivation of the name: Lat. multiplex — numerous, on account of large number of polyps in individual nodes.

Diagnosis. — Hydranths seated on complex common bases. Periderm of stem displays
single openings circular to subovate in outline at the height of some nodes.

Material. — Holotype only.

Description. — The holotype represents a fragment of slightly bent colony stem 2600 pm
long and 50 um wide, displaying five nodes (II—VI) and traces of two others (I and VII). Com-
mon bases are distributed on convex side of the stem, roughly one above another. Close to the
nodel, IT, 11,1V and VII, there exist (or existed — see below) subovate to almost circular openings
in periderm, 40 to 80 pm in diameter. Periderm translucent, yellow-brownish due to chemical
decolouring. Nodes spaced in intervals equal (in pm) respectively to: 400, 420, 400, 380,
360, 350.

Commuon bases from nodes II, [Tl and IV, the best preserved, appear complex in character.
Each of them seems to be composed of two common bases typical of Rh. tridens. Sheaths of
hydranth stalks are here relatively well preserved and often complete. On each common base,
there are sheaths wider and darker-coloured (which suggests larger thickness of periderm)
than the remaining ones. The former are about 20 um in diameter, and the latter — about
15 pm. The number of hydranth stalk sheaths on common bases is 6, 6 and 5 (?), respectively.
Nodes V and VI display some remains of common bases only. At the height of nodes 1 and
VI, there may be noted traces after openings only (see below).

Remarks. —— Rhiabdohydra multiplex sp. n. differs from Rh. tridens in the presence of complex
common bases and cnigmatic openings at the height of individual nodes.

The holotype of Rh. multiplex sp. n. has been undoubtedly studied by Kozlowski along
with material subsequently described under the name of Rh. tridens. This is shown by the label
attached in his handwriting: “Rhabdohydra tridens n. sp. var. multithecata?”. Unfortunately,
the specimen was not described nor figured in his publication. The specimen was subsequently
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passed to me along with other material in Spring 1973 but its state of preservation soon de-
teriorated. The photo (pl. 20: 1) shows its appearance in 1977. My sketch drawings from 1973
show that the specimen was displaying complete openings at the height of nodes I and VII,
relics of common base I and much better preserved fragments of common bases V and VI.
Morcover, there was no longitudinal fracture of periderm at that time. The changes of the
specimen are undoubtedly due to its chemical decolouring which has presumably taken place
more than 20 years ago.

The nature of circular to subovate openings remains cnigmatic. T suppose that they represent
traces of medusoids existing at these places. Because of a high degree of integration of the
colony, the occurrence of free-living medusoid stage in its metageny is doubtful.

Occurrence. — The species is hitherto known from a single erratic boulder in the area of
Poland (Mochty) only.

QRhabdolivdra sp.
(fig. 11)

1959a. Rhahdolvdra tridens Kozrowski; Koziowskr, fig. 14 F—T.

Material. — Three fragments of stems from Ordovician erratic boulders MZz/30.

Description. — Fragments of straight stems 700900 pm long and 70—90pm in diameter,
with single, short, irregularly spaced sccond-order branchings 35 um in diameter.

Remarks. — Kozt.owsk1(19594) assigned to Rhabdohydra tridens two fragments of branches
with short, knee-like second-order branchings, atypical of this species. The affinity of these
specimens to the genus Rhabdohydra could be regarded as proved by the record of a specimen
displaying both hydranth stalks sheaths typical of it and knee-like second-order branchings
characteristic of these specimens, but such an intecrmediate form has not yet been found. There-
fore, it is difficult to make assumptions concerning actual systematic position.

SKEVINGTON (1965b) interpreted the specimens as branches from which Gonothecae Formae
A—C KozrLOWSK1 sensu SKEVINGTON were growing. The similarity of ?Rhabdohydra sp. and
branches bearing Gonothecae A—C is of little significance. Short, hook-like legs of some
“gonothecae” (more preciscly, cysts of sterile buds of Rhabdopleurida, sec p. 174) diverge
from branches of the same width or slightly wider (see KozLowsk1 1959, figs. 26 and 29 A—C
and SKEVINGTON 19650, figs. 9—16), whereas branches of ?Rhabdohydra sp. are several times
thicker than its second-order branchings.

Occurrence. -— Ordovician erratic boulder from the area of Poland.

Genus Palacotuba EIsrNACK, 1934
Type species: Palaeotuba polycephala TASENACK, 1934

Remarks. — Three species werc hitherto allocated to this genus: P. polycephala EISTNACK,
1934, P. dendroidea E1SENACK, 1934, and P. dichotoma KozLowski, 1959,

Palaeotuba polycephala E1SENACK, first described from the Kukruse in Estonia (EISENACK
1934), was also reported from two crratic boulders in Poland (Koztowsk1 1959a). One of the
boulders was subsequently dated as presumably Kukruse horizon (Kozrowskrt 1962).

Palueotuba dendroidea E1SENACK was described from the Orthoceras Limestone on the basis
of two small fragments (EistNACK 1934). According to KozLowsk1 (19594), the type material
is so fragmentary that identification of the species becomes hazardous. For me it is even difficult
to prove that the two specimens of P. dendroidea represent the same taxon. The specimen
figured by Ersenack (1934, fig. 1) appears strikingly similar to fragments of various “hydro-
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Fig. 11.
?Rhabdohydra sp. Fragment of a stem, %200. Boulder no. MZ/30, Mochty, Ordovician.

rhizae” collected by Kozrowsk! (1959a) or even stolons of Rhabdopleurites primaevus Ko-
zLowsK1 (Pterobranchia).

Palaeotuba dichotoma Koztowski, described from Ordovician erratic boulders in Poland by
Kozrowsk1 (19594a), was tentatively allocated in the genus Palaeotuba. 1t is not excluded that
under that name he described stolons of Rhabdopleurites primaevus Xozrowski (see. p. 179).
That is why T treat the specific names Palaeotuba dendroidea E1SENACK, 1934 and P. dichotoma
Kozrowsk1, 1959 as nomina dubia and the genus Palaeotuba E1SENACK, 1934 as monotypic.

Palaeotuba polycephala E1SENACK, 1934

1934. Palaeotuba polycephala E1sENAcCK; EISENACK 54, fig. 3a, b; pl. 4: 5.
1959a. Palaeotuba polycephala Ei1seNack; Kozrowski: 233, fig. 12.
non 1976. Palaeotuba cf. polycephala Ei1senack; EseENack 185, pl. 1: 19—20.

11 — Palaeontologia Polonica 47
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Material. — Two specimens reported from erratic boulders no. ZPAL 0.182 and ZPAL
0.242 by Kozrowsk! (1959a) do not exist (they underwent disintegration in glycerine due to
chemical decolorization of the periderm).

Remarks. — It is not excluded that the nominal species Palaeotuba polycephala TISENACK,
1934 and Rhabdohydra tridens KozLOWSKI, 1959 are conspecific. The specimens of the former
may represent atypically developed fragments of stems of colony Rkh. tridens.

The specimens described under the name Palaeotuba cf. polycephala from the Lower Ordo-
vician of Oland Island by EISENACK (1976) are not congeneric with those described by that
author (E1seNack 1934) and KozLowsk1 (1959a). They differ markedly from the latter in shape
of second-order branchings and I consider that they represent sets of stolons of Rhabdopleurida.

Occurrence. — Ordovician (Kukruse) of Estonia (EiseNack 1934) and Ordovician erratic
boulders from the area of Poland (Kozirowsk1 1959q).

Suborder Thecaphora

Family Chaunograptidae BuLmAN, 1955
Type genus: Chaunograptus Hary, 1882

Remarks, — Chaunograptidae were initially defined as: “Free dendroid or irregularly
branching encrusting rhabdosome with free conical thecae” (BuLman 1955: V 36). BuLMaN
(1955) assigned to that family the following genera: Chaunograptus HALL, Mastigograptus
RUEDEMANN and Haplograptus RUEDEMANN, Chaunograptidae were initially treated as graptolites
of the order Dendroidea. BouCek (1956: 149) held a different point of view, stating that “it
would be better to treat these genera (and the family on the whole) for the present separately
as dendroid graptolites incertae sedis (or i. ordinis)”, Subsequently, OBUT (1964) allocated this
family in the graptolite order Dithecoidea Obut (see p. 142).

Chaunograptidae as interpreted by BuLman (1955) represent clearly artifical groups and as
such they were later treated (BuLMAN 1970) when he neglected this name and placed the genera
previously allocated to the Chaunograptidae in “Dendroidea, Tuboidea, Crustoidea, Cama-
roidea and Stolonoidea — taxonomic position uncertain”.

I present here a new concept of the Chaunograptidae. | treat this family as Hydroidea,
assigning to it only the type genus with its junior synonyms (Desmohydra Koziowskl and
Epallohydra Kozrowskl).

The similarity of Chaunograptus to Hydroidea was indicated by CHapmaN (1919) and
BurMan (1938); RUEDEMANN (1947) regarded this genus as hydroid. The genus Chaunograptus,
to which were assigned several species from the Cambrian, Ordovician, Silurian and Devonian
from various continents, is known from imprints and carbonized remains on rock surfaces only.
The species were assigned here taking into account similarities in shape of colony and tubular
form of thecae. Because of poor preservation, some hydroids, rhabdopleurids (Rhabdopleu-
roides KozLowsk1) or crustoid graptolites could be described under that generic name. I do
not doubt that this was often the case as Chaunograptus has never been described on the basis
of material chemically extracted from rock and Desmohydra, Epallohydra and Rhabdopleuro-
ides — on the basis of imprints or carbonized remains. The lack of remains of representatives
of the three last-named genera preserved in a similar form as those of Chaunograptus is simply
improbable, so I suppose here a typical dvalism in nomenclature used for a part of hydroids,
rhabdopleurids and crustoid graptolites. The origin of this may be explained in the following
way: encrusting, irregularly branching colony with thecae creeping on their whole length,
when preserved as imprints or carbonized remains, used to be assigned to the genus Chaquno-
graptus, whereas the colony identical in shape and form of thecae, when extracted from rock
could be subjected to studied on morphological details and, therefore, assigned to Hydroida,



ORDOVICIAN AND SILURIAN ORGANIC MICROTOSSILS 163

Rhabdopleurida or Crustoidea. If follows that Chaunograptus is one more “form-genus”.
The ordering of the taxonomy of species assigned to this genus is therefore significant but
troublesome. The significance of this question is connected with the fact that several specific
names of hydroids, rhabdopleurids and crustoids most probably are junior synonyms of species
of Chaunograptus and the troubles which may be expected in this taxonomical revision are
related to difficulties in comparing the type specimens of individual Chaunograptus species
and forms extracted by chemical methods due to poor preservation of microanatomical details
in the former.

The congeneric character of species assigned to Chaunograptus is questionable, so the tax-
onomic position of that genus may be reconstructed on the basis of an analysis of its type
species only. The type species, Ch. novellus (HALL) from the Silurian of the USA, was originally
defined as: “Fossils occurring free in the shales, or upon other fossil bodies, in slender branching
fronds. Branches diverging, lax and slender, with numerous branchlets, both marked by nu-
merous cellules which are usually indicated by the appearance of abrupt expansion and con-
traction of the branches. The angular projection of the cell apertures can be observed in many
parts of the fossil” (RUEDEMANN 1947:254). The presence of expansions and contractions of
branches and thecae (branchlets) is of marked significance for discussion on systematic position
of this form, as such shapes of branches and thecae¢ are found in neither graptolites nor pte-
robranchs, but rather in various hydroids. When this is the case, the species C/. novellus and,
thus, the genus Chaunograptus should be treated as hydroid.

From Ordovician erratic boulders, KozrLowsk1 (19594) described the genera Desmohydra
Kozrowsk1 and Epallohydra Kozrowsk1, differing in the presence or lack of short stalk of
hydrotheca. The rank of this difference is too small for discrimination of genera. In modern
Thecaphora, a single genus may comprise species with hydrotheca seated or with stalkes. More-
over, the two types of seating may be found even in a single species (e.g. in Thyroscyphoides
biformis NauMov). The type species of Desmohydra and Epullohydra appear strikingly similar
to Chaunograptus novellus. According to me, the names Desmohydra Koziowski, 1959 and
Epallohydra Kozrowski, 1959 should be treated as junior subjective synonyms of the name
Chaunograptus HALL, 1883.

I propose here a new diagnosis of Chaunograptidae: Hydroida with encrusting, irregularly
branching colonies; thecae creeping along their whole length,

Genus Chaunograptus HaLL, 1882
Type species: Chaunograptus novellus (HaLL)

1959a. Desmohydra Kozrowskl;, Kozrowski: 227.
1959a. Epallohydra Kozrowski; Kozrowski: 230.

New diagnosis. — Hydrorhiza tubular. Stolons of hydrorhiza of the same or almost the same
diameter as hydrothecae. Hydrothecae long, creeping, tubular.

Species assigned. — Chaunograptus novellus (HaLL), Chaunograptus flexuosus (KozL.owsk1),
Chaunograptus adhaerens (KOZLOWSK1).

Remarks. — Desmohydra (KozrLowsk1, 1959 and Epallohydra Kozrowski, 1959 are junior
synonyms of Chaunograptus HALL, 1882 (see pp. 162—-163). The taxonomic position of Desmo-
hydra zigzag Koziowsk1, 1959 and Desmohydra? recta SKEVINGTON, 1965 is unclear. There
is a large number of species assigned to the genus Chaunograptus HaLL (see pp. 162—163).
In my opinion this genus should be confined to the species enumerated above, until detailed
revision of the remaining ones, previously assigned to it, is made. In that situation it would
be useful to use “Chaunograptus” as comprehensive name for the latter.

1
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Chaunograptus flexuosus (KozLowsk1, 1959)
(pl. 23: 1—3)

1959a. Desmohydra flexuosa Kozrowski1; Kozrowski: 227, fig. &

Material. -—— About a dozen specimens from erratic boulders ZPAL 0.129, ZPAL 0.240, MZ:1}
and MZ/24.

Diagnosis. — See Kozrowsk1 (1959a: 227).

Description. — The specimens available are morphologically identical with those described
by Kozrowsk1 (1959q).

Ultrastructure. — TEM studies showed the periderm of the hydrothecal walls to be ho-
mogeneous in structure, without differentiation in ultrastructure (pl. 23: 1, 2). The periderm
displays a distinct trend to form layers, and varying from 0.5 to 1.5 pm in thickness. Inside
hydrothecae there may be noted accumulations of organic matter, locally gaining “cellular”
appearance, with marked electronically dense “nucleus” inside “cell” (pl. 23: 3). Periderm
of stolons does not differ from that of thecae, except for being markedly thicker (pl. 23: 1).
No accumulations of organic matter were found inside stolons,

The data on ultrastructure appear insufficient for drawing more detailed conclusions on the
character of periderm building organic matter.

Occurrence. — Ordovician erratic boulders from the area of Poland (Koztowsk1l 19594,
MIERZEJEWSK1 1978b).

Chaunograptus adhaerens (KozLowsk1, 1959)
(pl. 23: 4—6)

N934. Chitinorihre (Hydrorhiza?); E1SENAck 56, fig. 7. pl. 4: 8.
1959a. Epallohydra adhuerens Kozrowski; Kozrowski: 230, fig. 10.
1965b. Epallohydra adhaerens KozLOWSK1: SKEVINGI1ON 1SS, figs. 4-—5.

Diagnosis. — See Kozrowski (1959a: 230).

Material. — The available specimens are morphologically identical as those described
by Kozrowskr (19594) and SKEVINGTON (1965b).

Ultrastructure, — TEM studies showed periderm of hydrothecae to be homogeneous in
structure, without any differentiation in ultrastructure (pl. 23: 4—6). The periderm displays
a distinct trend to fall into layers.

Some organic matter may be found close to inner surface of hydrothecae (pl. 23: 4—6).
It is possible to differentiate three modes of development of the organic matter: 1) as more or
less regular lumps of homogeneous material not differing from peridermal ultrastructure,
2) accumulations of irregularly distributed spongy muaterial, and 3) innumerous membranous
forms.

The data on the ultrastructure appear insufficient for drawing more detailed conclusions
on the character of periderm building organic matter.

Remarks. — Chaunograptus adhaerens appears strikingly similar to the modern hydroid
Filellum serpens serpens (HasseL) (see. Naumov 1960, fig. 170) in morphology of hydrosome
and hydrothecae, It also resembles Chaunograptus novellus (HaLL), especially in contractions
and widenings displayed by some specimens.

Occurrence. — Ordovician erratic boulders from the area of Poland (Kozrowsk1 19594),
Lower Ordovician of the Oland Island (SKEVINGTON 1965b),
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1Chaunograptus sp.

1959a. Gonotheca Forma E; Kozrowskr: 238, fig. 29F.

Material. — A fragment of hydrosome with one hydrotheca and two isolated hydrothecae
from boulders nos. ZPAL 0.121, ZPAL 0.182 and ZPAL 0.184.

Remarks. -— The material, previously described in detail by Kozrowski (1959q), differs
from that of the type species of Chaunograptus HALL as well as the species Chaunograptus
Sflexuosus (Kozrowski) and Chaunograptus adhaerens (KoziLowsk1) in having thecae markedly
wider than stolons. This fcature brings it close to “Chaunograptus” contortus RUEDEMANN,
“Ch.” gonothecatus DECKER or “Ch.” vermiformis RUEDEMANN. Moreover, il displays contrac-
tions and widenings of the stolons and hydrothecae, similarly but on somewhat smaller scale
than in Ch. novellus (HALL).

The form presumably represents a ncw species but the material available is so fragmentary
that it would be hazardous to propose a new specific name on the basis of it.

Family Inocaulidae RUEDEMANN, 1947
Type genus: [nocaulis HALL, 1861

Remarks. — RUEDEMANN (1947) established graptolite family Inocaulidae allocating in
it the genera Inocaulis HALL, Thullograptus RUEDEMANN, Medusacgraptus RUEDEMANN and
Diplospirograptus RUEDEMANN. BouCrk (1957) excluded the genus Thallograptus from that
family, allocated the genus Palmatophycus BouCEk, and rised its rank to the order Inocaulida
with the following characteristics: “Thick main branches, simple or infrequent bifurcating,
rarely distally a bundle of secondary branchlets, with abundant filamentous thecal tubes”
(BouCek 1957: 145). OBUT (1964) widcned the range of Inocaulidae to comprise also the genera
Boucekocaulis OBUT, Crinocaulis OBUT and Estoniocaulis OBUT et RYTz. According to the latter
author, Inocaulidae developed from dendroid graptolites, more precisely those of the family
Dendrograptidae. BuLMAN (1970) assigned the genus [nocaulis to dendroid graptolites (family
Acanthograptidae), treating the remaining genera together as “Dendroidea, Tuboidea, Cama-
roidca, Crustoidea, Stolonoidea — taxonomic position uncertain”.

I doubt the graptolitic naturc of Inocaulis and other forms regarded as related to it by the
authors mentioned above. Anatomy of all these generais very poorly known as they have been
described on the basis of imprints or carbonized, flattened remains. The only features in which
they may resemble graptolites include: a) a bushy shape of colony displayed by some of them,
and b) the presence of long, narrow “thecae”. Both features arc without much importance
for analysis of eventual affiliation of inocaulids and graptolites, as bushy colonies are known
from various groups of colonial invertebrates and the so-called “thecae™ fail to display any
traces of fusellar structure. The *thecac” and branches actually somewhat resemble mor-
phology of autothecae of such graptolites as Acanthograpius SPENCER or Koremagraptus BuUL-
MAN but, up to the present, no elements which could be interpreted as bithecae were found in
inocaulids. Tnocaulis plumulosa HaLL, the type species of the genus Inocaulis, display branches
formed of bunches of undifferentiated long tubes (see RUEDEMANN 1947, pl. 32: 9—I1).

BuLMaN (1970: V55) stated that Diplospirograptus displays “superficial resemblance to
algal forms, though it is perhaps doubftul whether such delicatc filamentous algae could
survive under the given conditions of preservation of these fossils”. According to me, the
algal nature of this genus may be regarded as quite sure. I consider Diplospirograptus as an
alga of the class Chlorophyceae, close to Dasycladaceae, especially Batophoreae. In the “rhab-
dosome” of D. goldringae RUEDEMANN, type species of Diplospirograpius, it is possible to note
morphological elements identical to the thallus of modern Batophora oerstedi AGARTH (fig. 12).
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Elements of the “rhabdosome” of D. goldringae, namcd as “theciferous branches” by RUE-
DEMANN (1947), are essentially identical to lateral branchings of the above-mentioned green
alga. These forms essentially differ in the presence of single major axis in Batophora, similarly
as in all Dasycladaceae, and double, spirally coiled and branching axis in Diplospirograptus.
This makes possible treatment of the latter as a representative of the Dasycladaceac which
it so closely resembles in morphology of “theciferous branches”. It is worth to note here that
I found a thallus of alga with polysiphonal axes and lateral branchings similar to those of

b

Fig. 12,
Lateral branches in Diplospirograptus goldringac RUEDEMANN (@) and Batophora oerstedi AGARDH (b). After RUEDEMANN
and NITECKI.

Dasycladaceae in one of Silurian erratic boulders. According to Dr. J. KAZMIERCZAK (1978,.
oral inf)) the algae represent hitherto unknown group, intermediate between Dasycladaceae
and Codiaceae. It seems that the genus Diplospirograptus would be best accomodated in that
group.

Other inocaulid, Ordovician-Silurian Medusaegraptus RUEDEMANN may also represent
Chlorophyceae. RUEDEMANN (1925: 29) characterized it as follows: “rhabdosome consisting
of a simple, not branching stipe, which is a uniformly thick tube, ending in a blunt point at
the base and terminating distally in a dense mass of simple, unbranched flexuosus thin tubes,
the thecae”. Medusaegraptus may be casily classified as representative of Codiaceae. Thallus
of Codiaceac is sometimes built of stem and brush-like top part, formed of numerous thallus
threads. The so-called thecae of Medusaegraptus 1 treat as equivalents of these threads, and
“not branching stips”. In an identical way I interpret the Silurian Palmatophycus BOUCEK,
actually originally described as an alga (BouCek 1941}).

In considering the systematic position of Diplospirograptus, Medusaegraptus and Palma-
tophycus, the record of the first fossil representatives of Batophoreae (Archaeobatophora
Niteck1) from the Ordovician of the USA (Niteck1 1976) is of marked significance. The
morphology and state of preservation of this form are strikingly similar to those of “inocaulid
graptolites”.

Among inocaulids, special attention should be paid to the genus Inocaulis HALL. RUE-
DEMANN (1947: 236) characterized it in the following way: “Very thick branches, bifurcating
infrequently, composed of an extremely large number of fine tubes, which project freely distally
as hairlike processes”. I suppose that this genus represents hydroids with polysiphonal colonial
stems and branches. Species assigned to the genus lnocaulis have hydrosomes simply identical
as those of modern hydroid species of the genus Granunaria STIMPSON, 1854 (family Lafoeidae)
(6g. 13). I do not know of any differences in structure of the hydrosomes of species of the two
genera. Both genera are characterized by: (a) identical tree-like shape of colony, (b) stems
and branches polysiphonal along their whole length, (c) root-like hydrorhizae, (d) tubular
thecae with basal parts embedded in stems and branches of colony, (e) thecae regularly or ran-
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domly arranged, (f) free part of theca diverging from stem and branches, or (g) distal part
of theca embedded up to aperture in stems and branches, and (h) the same diameter of distal
parts (0.05--0.4 mm in Inocaulis and 0.15—0.4 mm in Grammaria). Moreover, the differen-
tiation in morphology within these genera is so similar that it is possible to find fossil equiva-
lents for modern species of Grammaria among those of Inocaulis. The species G. immersa
NUITING, I. simplex RUEDEMANN and G. stentor ALLMAN, I. arborescens RUEDEMANN may
serve as examples. In discussing the two genera it is even possible to state that their hydrosomes

a
b
Fig. 13
Recent species of the genus Grammaria STIMPSON : @ Grammaria immersa NUTTING, b Grammaria stentor ALLMAN. After
Naumov.

display no morphological features which would question their congeneric nature. 1 suppose,
however, that in the light of gap in their records, extending from the Devonian to the present
times, it will be more appropriate to treat them as separate taxa.

In this work I am confining the range of the family Inocaulidae to the genus Inocaulis
HaLL,

Genus Inocaulis HALL, 1852
Type species: Inocaulis plumulosa HALL, 1852

Remarks. — Taxon related or even congeneric with the modern genus Grammaria STIMPSON
1854 (see above). From that genus I exclude the species Inocaulis kirki RUEDEMANN, 1916
the affiliation of which with hydroids seems at least questionable.

Inocaulis sp.
(pl. 35: %)

Material. — Basal part of colonial stem with hydrorhiza and three small fragments of stems
(? lateral branches) from borehole Podborowisko IG 1, depth 396.30—397.30, Arenigian.

Description. — The largest specimen represents a fragment of colonial stem with hydrorhiza
(pl. 35: 5). Hydrorhiza root-like, formed of tightly packed stolons. Stolons strongly flattened
(diagenetic changes), 140—180 um wide. Some stolons rise above surface of hydrorhiza, forming
stem of colony. Colonial stem stolons less flattened, 80—100 pm wide, interweaved one with
another.
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The remaining specimens include fragments of stems or branches, consisting of 3—6 stolons.
It so not excluded that all the spccimens represent fragments of a single colony, disintegrated
in the course of dissolving rock.

Remarks. — The thecae arc unknown, so specific identification of this form is not possible.

Incertae familiac
Genus Calyxhydre Kozrowski, 1959
Tape species: Calyxhydra gemellithecata Kozrowski, 1959

Remarks. — Kozrowsks (19594) assigned to this genus three specics: C. gemellithecata
Kozrowskl, 1959, C. constricta Kozrowskl, 1959, and C. irregularis KozLowski, 1959.
I interpret similar forms as stolons and cysts of sterile buds of Rhabdopleurida (e.g. Cylin-
drotheca EISENACK), so the species listed above require redescription and possibly also rein-
terpretation. Unfortunately, the type series of the species Calyxhydra are nowadays represented
by broken holotype and paratypes only and attempts to gather ncw material failed. However,
the possibility that Calyxiipdra represents rhabdopleurids cannot be excluded.

Genus Flexiiydra Kozrowskl, 1959
Type species: Flexihydra undulata Kozrowski, 1959

Diagnosis. — See KozLowsk1 (1959q: 225).
Remarks. — Monotypic genus. Systematic position within Thecaphora unclear.

Flexiliydra undulata Kozrowski, 1959
(pl. 24: 1—4)

1959a. Flexitydra undulata Kozrowskr; Kozrowski: 225, fig. 7.

Material. — Six specimens from boulder ZPAL 0.15.

Description. — Detailed morpholog‘ical description of this species was given by Koztowskl
(1959a).

Ultrastructure. — TEM studies showed homogeneity of hydrothecae periderm. Hydrothecae
are infilled with accumulations of organic material highly specific in form and ultrastructure
(pl. 24: 1—4).

The outer part of the matter is markedly condensed and it scems to form some kind of men:-
brane (pl. 24: 4). At larger magnifications it may bc noted that this membrane is of granular
character (pl. 24: 1). Identical granules as those forming the membrane occur directly beneath
it, differing in less dense spacing only.

I am inclined to interpret these accumulations of organic matter inside hydrothecae as
a possible outline of the hydranth body, formed of remains of periderm precursors occurring
inside ectoderm cells. It also appears possible to interpret the external membrane of these
accumulations as remains of so-called “thin pellicle” of D. M. CHAPMAN (1969), covering the
hydranths of some hydrozoans, independently of thick periderm (see also p. 150).

“Data on ultrastructure are, however, insufficient for making any statements on the chemical
nature of periderm forming matter.

Occurrence. — The species is known from a single erratic boulder from the area of Poland
(Kozrowsk1 19594).
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POGONOPILIORES (POGONOPHORA)

Pogonophores are a relatively poorly known group of marine worm-like invertebrates,
related to annelids (Annelida). SokoLov (1965, 1972) interpreted Sabellitida, known on the
basis of organic tubes from the Lower Cambrian, as a fossil group of Pogonophora. From
Ordovician erratic boulders, Kozrowsk1 (1967) described two fragments of tubes, on the basis
of which he proposed two monotype genera: Ivanovites Kozrowskiand Sokolovites KozLOWSK 1,
assigned to Pogonophora.

Living tubes are the elements of pogonophores with the greatest chances of preservation
in the fossil state. Biochemical studics on Recent pogonophores showed that a chitin-protein
complex is the basic structural component of these tubes (BRUNET and CARLISLE 1958, BLACK-
WELL, PARKER and RuDpALL 1965, FOuCArT, BRICTAUX-GREGOIRE and JENNIAUX 1965). Po-
gonophore tubes were also examined by ultrastructural and ultrahistochemical techniques,
carried out by GupTA and LiTTLE (1975), GEORGE (1977) and URBANEK and MIERZEJEWSKA
(1977).

The morphology of tubes is of importance for the taxonomy of Pogonophora. Features
such as length, diameter and ornamentation of the tubes and their differentiation into sections
are helpful in identification of species and genera (IvANOv 1960, 1963), whereas they appear
insufficient as criteria for families and orders. Therefore, I consider that all the fossil pogono-
phores should be treated as forms of incertae ordinis et familiae. The treatment of Sabellitida
as an order of fossil Pogonophora (see SOKOLOV 1965) appears at least questionable and that
group would be best treated as an informal taxonomic unit. In working on fossil pogonophores
one should bear in mind the possibility of essential differences between individual sections of
a given tube. The situation is additionally complicated by the fact that all the fossil tubes hither-
to described are known only on the basis of fragments. The case of the Recent Pogonophora
is not dissimilar because the material coming from seas is usually crushed (Ivanov 1960, 1963).

Toothed bristles of Pogonophora were not hitherto described in the fossil state and this may
represent an example of selective fossilization. It is worthy of note that an enigmatic microfossil
described as a probable gastropod radula from the Cretaccous of France by TAUGOURDEAU
(1976) resecmbles fairly closely the bristles mentioned above.

Pogonophora JOHANSSON, 1937
Incertae ordinis et familiae

Genus Sokolovites KOzLowski, 1967
Type species: Sokolovites pogonophoroides Kozrowski, 1967

Diagnosis. — “Tube chitinoids, droit, subcylindrique, a surface irréguliére, garni de col-
leretles transversales membraneuses, disposées plus ou moins perpendiculairement a 'axe
du tube” (KozLowsk1 1967: 121).

Sokolovites pogonophoroides KozrLowski, 1967
(pl. 31)

1967. Sokolvvites pogonophoroides Kozrowski; Kozrowski: 121, fig. 10.

Material. — Over a dozen specimens from the Upper Tremadoc of Zbilutka.

Description. — Fragments of tubes 0.4—3.1 mm long and 70—325 ym in diameter. External
surface displays weakly marked transversal rings (pl. 31: 1 4) and locally, adjoining fragments
of membrane (pl. 31: 1--3).
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Ultrastructure. — SEM studies showed tube wall to be of granular structure (pl. 31: 2, 6).
Remarks. — The species was hitherto known on the basis of a single specimen from Ordo-
vician erratic boulder ZPAL 0.498 (KozLowsk1 1967).

Genus Beklemishevites gen. n.
Type species. Beklemishevites grandis sp. n.

Derivation of the name: In honour of V. N. BEKLEMISHEV, an outstanding Soviet zoologist.
Diagnosis. — As for the type species.
Remarks, — Monotypic genus.

Beklemishevites grandis sp. n.
(pl. 30; pl. 32: 6—11)

Holotype: A fragment of living tube shown in pl. 32: 6 (ZPAL Po. 1/2).

Type locality and horizon: Ordovician erratic boulder ZPAL 0.324 from Mochty.

Derivation of the name: Lat. grandis — great, on account of tube dimensions large in comparison with other known
Ordovician Pogonophora.

Diagnosis. — Straight thick-walled tubes, circular in cross-section, 0.3—0.4 mm in diameter.
External surface unornamented. Tube wall with laminar structure, displaying typical “Bouligand

pattern”.
Material. — Twenty seven fragments of tubes from the boulder zZPAL 0.324.
Description. — The holotype represents a fragment of unflattened tube, 18 mm long and

0.4 mm in diameter (pl. 32: 6). The remaining fragments vary from 1 to 8 mm in length and
0.3 to 0.4 mm in diameter. Some tubes are strongly flattened (pl. 32: 11). Tubes black, with mat,
rough and unornamented outer, and smooth and shiny inner surface. External surface of two
fragments of tubes display ovate openings, presumably representing traces after epibionts.

Ultrastructure. — SEM studies show laminar structure of the wall (pl. 30: 4). However,
the micrographs obtained did not give any additional information on the nature of laminae.
Electron micrographs obtained with the use of TEM clearly show that the laminae are built
of characteristic parabolic fibres, forming the so-called “Bouligand pattern” (pl. 30: 2—3).
This suggests that the tube of B. grandis gen. et sp. n, was built of chitin-protein complex.

Remarks. — The total tube length of B. grandis gen. et sp. n. remains unknown but it may
be assumed that they were about a dozen or so cm long. The Recent species Siboglinum cinctum
IvaNovV is characterized by tubes of a similar diameter, 0.3—0.4 mm, and up to 15 cm long
(Ivanov 1960).

Occurrence. — The species is hitherto known from a single erratic boulder from Mochty.

PTEROBRANCHIA

Pterobranchs (Pterobranchia) are treated as an order of the class Hemichordata by the
majority of authors. BEKLEMISHEV (1951, 1957) assumed their affiliation to hemichordates,
regarding them as representatives of the class Graptolithina. Phylogenetic relations between
pterobranchs and graptolites have been the subject of discussions for several decades. The
hypothesis of direct affinity between the two groups has been put forward on the begininng
of this century by SCHEPOTIEFF (1905). It draw much attention and it even seemed to be fully
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supported by results of studies by Kozrowsk1 (1938, 1947, 1949a, 1966a). According to the
latter, this problem was solved by the discovery of homologous nature of fusellar tissue of
graptolites and pterobranchs. However, the hypothesis of SCHEPOTIEFF and KozLowsk1 was
questioned in the mid-seventies by URBANEK (1976a). This author presented results of his studies
on ultrastructure of coenecium of modern and fossil Pterobranchia and a comparison with
those obtained in the course of previous studies on ultrastructure of graptolite periderm (Towk
and URBANEK 1972, URBANEK and Towe 1974, 1975). URBANEK found very large differences
in ultrastructure and the mode of secretion of fusellar tissue in the two groups. According to
him, the rank of these differences precludes homologization of fusellar tissue of Pterobranchia
and Graptolithina and, therefore, casts some doubts on any close phylogenctic relations between
these groups. The paper by URBANEK (1976a) initiated a new stage in discussion on rclations
between Pterobranchia and Graptolithina (ANDRES 1977, 1980, CROWTHER 1978, 1981, URBANEK
1978, and others), but this question still remains open.

The modern Pterobranchia form a small group of marine invertebrates representcd by three
genera only: Cephalodiscus M’INTOSH, 1882, Atubaria SATO, 1936, and Rhabdopleura ALLMAN,
1868. The first two of these are assigned to the order Cephalodiscida, and the third one — to
the order Rhabdopleurida.

Both orders of Pterobranchia are known from the fossil material, from the Upper Ordo-
vician upwards. From the Ordovician of Poland, KozrLowsk1 (19494, 1967) reported two mono-
typic genera of Cephalodiscida: Eoceplalodiscus KozLowskl, 1949, and Pterobranchites Koz-
rowskI, 1967. The latter genus is interpreted recently as an aberrant graptolite (M IERZEJEWSK ]I,
1984a). Moreover, some disputable remains of Cephalodiscida have been described from
the Eocene of France and tentatively assigned to the genus Cephalodiscus M’ INTOSH (BULMAN
1970).

Remains of Rhabdopleurida are much more common in the fossil record. They have becn
described for the first time from the Maastrichtian, Danian and Montian ¢ of Poland (Koz-
LOWSKI 1949h, 1956a), the Eocene of Great Britain (THoMAS and DAvVIs 19494, b), and sub-
sequently from the Ordovician of Poland (Kozrowsk1 1961, 1967, 1970a), Oland (EiSENACK
1976a) and W. Germany (ANDRES 1977), the Silurian of Poland (MiErzESEWSKI 1977), Carbo-
niferous of Belgium (MoRrTELMANS 1955) and Jurassic (KurLick 1969, 1971) and Cretaceous
of Poland (KuLickl and MIERZEJEWSKI, in preparation). Moreover, ANDRES (1977) and
MIERZEIEWSK] (1977) noted that microfossils described as ?Graptovermid sp. gen. and sp.
indet. by SKEVINGTON (1965¢) actually represent tubes of Rhabdopleurida. Identical fragments
of tubarium of Rhabdopleurida were described as thecae of the graptolite Mastigograptus
RUEDEMANN by ANDRES (1961) who later (ANDRES 1977) corrected this misidentification.

In citing undoubted records of fossil representatives of the Rhabdopleurida it is worth
mentioning an enigmatic fossil described from the Carboniferous of Mazon Creek (USA)
by Niteck1 and SCHRAM (1976). The form, known as Etacystis communis NITECK1 and SCHRAM,
is without coenecium but, nevertheless, it clearly resembles the zooid of Rhabdopleura in body
shape.

Fossil remains of Pterobranchia may markedly vary in the state of preservation. Therc
are known single findings ol imprints of tubarium (MORTELMANS 1955) as well as pyritized and
silicified tubaria (THOMAs and DAvis 19494, b, and BuLMaN 1970, respectively). However,
most of the Palaeozoic, Mesozoic and Cenozoic forms have been obtained by ctching carbonate
rocks with acids. Material obtained with the use of that method is usually strongly crushed
but, nevertheless, it appcars sufficient for studying very fine morphological details as well as
ultrastructure.

¢ KozrowskI (19495, 1956a) found the remains in 1ocks dated as the Maastrichtian and Danian; a part of
the latter were subsequently shown to represent the Montian by Pozaryska (1968).
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THE STRUCTURE OF THE RHABDOPLEURIDA COENECIUM

The skeleton of modern Rhabdopleurida, called as either tubarium or coenecium, represents
a system of elements, comprising stolonal and zooidal tubes, stolons and cysts of sterile buds.
The morphology of these elements in modern Rhabdopleura has becn studied in detail by
ScHEPOTIEFF (1907, 1909). All the elements of tubarium are built of organic matter. The chemi-
cal nature of that matter still remains disputable but it may be already statcd that chitin is missing
here (SUNDARA-RAJULU, JENNIAUX and Voss-Foucart 1982). Moreover, aminoacid analysis
has shown protein character of the organic matter (FOUCART, BRICTEUX-GREGOIRE, JENNIAUX
and FLORKIN, 1965) and electron microscope and x-ray studies — the presence of proteins of
the keratin group (D1LLy 1971 and his data reported by URBANEK 19764). However, the results
were questioned by BAIRATI (1972) and HARE (unpublished data reported by URBANEK 1976q).

The knowledge of the skeleton structure of Palaeozoic Rhabdopleurida still remains unsatis-
factory as it is based mostly on results of studies by Kozrowsk1 (1961, 1967, 1970a). The structure
of the coenecium of Rhabdopleuroides expectatus KozLowSsK1 was exceplional as it was found
to be characterized by trailing zooidal tubes, unknown in modern forms (Kozrowsk1 1961).
Moreover, colonies of Rhabdopleurites primaevus KozLowsK1 were assumed to be characterized
by dendroid structure (Kozrowsk1 1970a). The comparisons of fusellar tissue of Ordovician
Rhabdopleurites primaevus KozLowsk1, Jurassic Rhabdopleura kozlowskii KuLick1 and modern
Rhabdopleura compacta HINKs, carried out by URBANEK (1976a), showed that the ultrastructure
of periderm in Rhabdopleurida has not changed at least since the Ordovician.

The Mesozoic Rhabdopleurida found hitherto are represented by two species of the genus
Rhabdopleura ALLMAN: Jurassic Rh. kozlowskii KuLicki and Cretaceous-Tertiary RA. vistulae
Koziowskl. They do not display any significant differences in relation to modern species
of that genus but it should be noted that RA. vistulac is an important link between early Pa-
lacozoic and modern Rhabdopleuridae (see p. 183).

After analysing the available material T concluded that two basic types of structure may
be differentiated for both fossil and modern Rhabdoplcuridae:

— fusellar type, with fully fusellar stolonal tubes; and

— partly nonfusellar type, with partly nonfusellar stolonal tubes.

The fusellar type is typical of the genera Rhabdopleura ALLMAN, Rhabdopleuroides Koz-
rowsk1 and most probably Kystodendron Kozrowsk1. Stolonal tubes are fully fusellar,
trailing, with clearly marked zig-zag suture in the first two genera. Tubes of Kystodendron
are almost unknown but the structure of the remaining clements of tubarium implicates that
their development was identical as in Rhabdopleura and Rhabdopleuroides.

The partly nonfusellar type is known in the genus Rhabdopleurites KozLowsKI only, but
it is not excluded that it was also present in the species Stolonodendrum parasiticum KOZLOWSK t
(sce p. 176). Tubaria of that type were hitherto unknown in the Rhabdopleurida. KozLowsk1
(1967, 1970a) and ANDRES (1977) described partly nonfusellar tubes in Rhabdopleurites but
they failed to interpret them correctly. Kozrowski1 (1970a) compared the nonfusellar part
to “embryonal vesicle” of Rhabdopleura and the graptolite prosicula. The specimens described
by these authors actually represent stolonal tubes with partly nonfusellar structure. All the
stolonal tubes of Rhabdopleurida known hitherto are characterized by purely fusellar structure,
with marked zig-zag suture, and they represented creeping structures. In turn, Rhabdopleurites
was found to display creeping and erect nonfusellar stolonal tubes as well as creeping and
erect stolonal tubes with all the features of fusellar structure, except for zig-zag suture.

In differentiating, partly nonfusellar type of coenecium, I have taken into account the pos-
sibility that such character of stolonal tubes may be apparent, due to specific preservation
of fusellar periderm only, i.e. phenomenon noticed sometimes in graptolites. However, the
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following data spcak against that hypothesis, giving further support to originally nonfusellar
character of the structure:

1) In specimens displaying nonfusellar part, a sharp boundary may be traced between
clearly a nonfusellar and fusellar parts (see KozLowsk1 1970a, pl. 2: 3 and here pl. 26: 12—16).

2) The nonfusellar parts contact the fusellar at one side only. 1f the Jack of fusellar structure
was due to preservation only, there should occur fusellar tubes with “intercalations” not
displaying such structure. The analysis of some hundred of fusellar tubes of Rhabdopleurites
failed to show a single case of nonfusellar part contacting the fusellar ones at its both ends.

3) The studies by URBANEK (1976a) cited above, unequivocally showed that structural
units of periderm and their spatial arrangement have remained unchanged in the Rhabdo-
pleurida at least since the Ordovician. If the lack of fusellar structure was due to preservation
only, one could expect its presence in tubaria of other rhabdopleurids. However, this is not
the case, as such structures have not been found in any other fossil forms.

4) Preliminary electron microscope studies (see p. 179) showed that the nonfusellar periderm
differs essentially from the fusellar (see URBANLK 19764) in ultrastructure.

The coenecium of modern Rhabdopleurida is characterized by the presence of cysts of sterile
buds, fairly common within a colony. They have been described for the first time under the name
hybernacula by LANKESTER (1884). He assumed that they represent normal buds, the growth
of which had been impeded. Subsequently, SCHEPOTIEFF (1907) interpreted them as sterile
buds, stating that they become most common in the autumn and, therefore, may be interpreted
as a mode of adjustment of colony to survive the winter. Detailed studies on sterile buds have
been carried out quite recently by STEBBING (1970), who described the mode of their origin
in the colony and the process of enveloping by cysts. He found a bud to represent ovoidal
to spherical yolk mass with pigment spots in the outer zone and initially without cysts. Cysts
starts to develop some time after the bud is formed, growing distally from the stolon to which
the bud is aftached. With time the cyst became completely closed, being connected with the
colony by a stolonal opening. Yolk matter accumulated in the cyst is subjected to resorption,
so the latter becomes empty except for some small spherical tissue mass. The buds may turn
into zooids in Rhabdopleura compacta but, nevertheless, STEBBING (1970) regards them as most
important for storage of nutrients for the colony. Further studies on sterile buds and their
cysts were carried out by DiLry (1975) with the use of the electron and light microscopes.

Cysts of sterile buds of the Rhabdopleurida, reported from the Bathonian (Jurassic) of Poland
by Kurick1 (1971) are the oldest hitherto found. This seems somewhat enigmatic as:

1) fossil fusellar tubes of the Rhabdopleurida are known from the Ordovician upwards
in the geological column;

2) cysts of sterile buds are most massive elements of the coenecium and, therefore, their
fossilization potential is the highest; 5

3) Ordovician Forhabdopleura urbaneki Koziowsk1, 1970 does not differ in any signilicant
way from zooidal tubes of modern species of the genus Rhabdopleura.

The question of either real or apparent lack of cysts in Ordovician and Silurian rocks may
be explained in two ways:

1) Early Palaeozoic forms still did not develop cysts; or

2) Early Palaeozoic forms had cysts but the latter used to be erroneously assigned to other
group of organisms,

A third possibility, i.e. that the cysts exist but are still to be found, may be neglected i’ we
take into account the vast literature dealing with organic microfossils and their high resistance
to the diagenetic agents.

® A high resistance of cysts to diagenetic agents was noted by KULICKI (1969), who found that RA. kozlowskii is
represented in some samples by cysts only.
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The analysis of very rich material, review of the literature and the experience gathered in
the course of extraction of microfossils from rocks (see p. 138) made it possible to state that
the Rhabdopleurida cysts were repeatedly described in the literature but as gonothecae or
hydrothecae of hydrozoans. An example is the paper by EtseNack (1976), in which zooidal
tubes are described as ?Rabdopleuridae stolons (sic!); and original stolons with cysts as
a hydrosome of hydrozoan Cylindrotheca profunda EI1SENACK!

The available data indicate, however, that Ordovician and Silurian rocks yield both cyst-
bearing forms and those without cysts, i.e. Rhabdopleuroididae fam. n. and Rhabdopleuritidae
fam. n. At present it is difficult to state whether or not the lack of cysts in the latter also means
the lack of sterile buds as there remains a theoretical possibility of the presence of buds incapable
of forming cysts. This theoretical possibility could be neglected if it is proved that cysts are
necessary for buds for physiological reasons.

Cysts of sterile buds of Ordovician and Silurian Rhabdopleuridae are highly varying in
morphology. The differences are so high that we may even speak about polymorphism. Cysts
of Kystodendron tener sp. n. and Kystodendron sp. B appear most similar to those of modern
species of the genus Rhabdopleura. The former are ovoid in shape, sometimes fairly elongate,
and either seated or peduncular stolons variable in length or separated from them (pl. 29:
25—27). Cysts of Kystodendron longicarpus (E1SENACK) sensu KozLowsK 1 often develop stolons,
here called secondary peduncular stolons, in their distal part. Such stolons pass into the next
cyst. here termed “composite” to distinguish the relationship from simple ones of Rhabdopleura
and Kystodendron tener sp. The extent of composite cysts is highest in K. complicatus sp. n.

Composite cysts have not been found in modern species of Rhabdopleura but their
equivalent may be noted in fossil R/. vistulue Koziowsk1 (see p. 181) and as yet undescribed
Rhabdopleura sp. from a Cretaceous erratic. T consider the following interpretation of composite
cysts may be plausible. The sterile bud of Rhabdopleura is nothing less than a specialized fragment
of a stolon, adjusted to store nutrients. However, it may turn into zooid (STEBBING 1970)
which means that the loss of the original properties of the final section of stolon is not complete.
As the sterile bud retains the capability to reorganization, there is no reason to exclude recurrent
reorganization of sterile buds into stolons as an alternative of reorganization into zooids in
fossil forms. When this is the case, it follows that stolons retain the ability to grow and eventu-
ally form zooids and sterile buds,

REMARKS ON THE SYSTEMATICS OF THE RITABRDOPLEURIDA

Problems of the systematics of the Rhabdopleurida were essentially beyond discussion in
past literature. This may be explained by the fact that untill 1961 the known range of this order
was limited; the only genus known then times, was Rhabdopleura ALLMAN, with a few species
differing little from one another. In years, KoziLowsk1 (1961, 1967, 1970a) described new genera
of the Rhabdopleurida but he left aside the question of their affiliation to a taxon at family
rank. It should be noted here that Kozirowsk1 was presumably rather against the use of the
family as a taxonomic unit and review of his papers on Dendroidea, Camaroidea and Stolo-
noidea (Kozrowsk1 19494, 1966b), Crustoidea (Kozir.owsk1 1962), Pterobranchia (Koztowski
1961, 1967, 1970u), Polychaeta (Kozrowskr 1956b) and other organic microfossils (Koz-
LOwsSK1 (1967) show that he was consistent in that approach.

The taxonomy of the fossil Rhabdopleurida at the suprageneric level was analysed by
BuLMaN (1970) who placed all the genera of that order in the family Rhabdopleuridae.

On the basis of the newly-obtained data on the morphology of fossil Rhabdopleurida I am
inclined to present a different approach to the systematics of this group of pterobranchs. First
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of all I think that attention should be paid to the presence of nonfusellar part in tubarium of
Rhabdopleurites. The presence of nonfusellar tubes in old parts of colonies and their absence
in the youngest, indicates that a specific metamorphosis of a terminal bud must have taken place
in the course of that astogeny. In the Rhabdopleurida colony the terminal bud is responsible
for both its growth and formation of stolonal tubes. The phenomenon of rapid transition from
nonfusellar to fusellar structure within a single stolonal tube indicates metamorphosis of the
terminal bud, reflected by a change in the mode of secretion of periderm. Taking into account
this specific metamorphosis of the terminal bud, I assume a markedly isolated position of Rhab-
dopleurites among Rhabdopleurida. I regard this genus as representing a separate, blind phy-
logenetic line, here differentiated as the family Rhabdopleuritidae nov. The family Rhabdo-
pleuroididae nov., comprising the genus Rhabdopleuroides only, represents another offshoot,
and the family Rhabdopleuridae, comprising the genera Kystodendron and Rhabdopleura —
a third phylogenctic line.

The available data suggest that expansion of the Rhabdopleurida took place in the Ordo-
vician, when this order was represented by three families. Of these families, the Rhabdopleuridae
survived until the present, whereas the two remaining families presumably became extinct
by the end of the Ordovician.

The taxonomy of fossil Rhabdopleurida at the specific and generic levels appears fairly
difficuit and complex. This is due to the following reasons: a) taxonomy of the modern forms
is not much help from the point of view of methodological premises as it deals with three species
and one genus only, b) the morphology of the skeletal elements is highly variable within a given
species or genus and both the diagnostic value and the reasons of that variability remain de-
batable, and c) skeletons of fossil forms are as a rule preserved as small isolated fragments
which further impedes their interpretation. That is why I abandoned revision of some taxa for
taxonomic decisions taken in the present state of knowledge, and on the basis of insufficient
material, could not be convincing but rather contributing to the existing mess in the taxonomy
of this group. This is the case with the possible synonymy of Stolonodendrum parasitum Koz-
LOWSK 1, 1949, Conitubus siculoides Kozirowski, 1949 and Rhabdopleurites primaerus Koz-
LOWSKI, 1967 and the systematic positions of forms treated below as incertae sedis (?Ptero-
branchia)

STOLONOIDEA — GRAPTOLITES OR PTEROBRANCHS?

The order Stolonoidea has been proposed on the basis of material from the Tremadoc in
the Wysoczki locality by Kozrowsk1 (1949a). The forms, fairly fragmentary and rare, are
placed i a single genus Stolonodendrum Koztowski, comprising two species. Koziowsk!
(1949a) regarded the Stolonoidea as a group of primitive graptolites, which developed inde-
pendently of other orders. In turn, OBUT (1964) assumed that the Stolonoidea evolved from
the same ancestors as dendroid graptolites of the family Dendrograptidae. URBANEK (in:
KuznickT and UrRBANEK 1967) noted that there are no marked differences in the morphology
of the Stolonoidea and the Rhabdopleurida. Similarly the Stolonoidea are characterized by
the lack of apertural modifications, the presence of autho- and stolothecae, and a perforational
mode of budding. According to him “Stolonoidea presumably represent an offshoot which
evolved from a group close to the Rhabdopleurida, independently of other groptolites, to form
a tribe subjected to minor modifications only” (UrBANEK in: KUZNiICK1 and URBANEK 1967:
433).

The hypothesis of affiliation of the Stolonoidea to graptolites may be very seriously ques-
tioned in the light of the present state of knowledge of fossil Rhabdopleurida. It should be noted
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that colonics of Rhabdopleurites primaevus and Stolonodendrum parasiticum appear strikingly
similar. The fragments of Stolonodendrum parasiticum colonies found hitherto have the form
of branching creeping tubes. The tubes, initially nonfusellar, gradually widen and smoothly
pass into fusellar ones. Nonfusellar parts of the tubes were interpreted by KozLowsk1 (1949a)
as stolons and the fusellar — as thecae. BuLMAN (1955, 1970) also regarded Stolonoidea as
graptolites but he noted that such smooth transition between stolon and theca is not known
in other graptolites. It is worth noting here that such transition is also unknown in the Rhabdo-
pleurida.

I think that the known fragments of S. parasiticum colonies should be interpreted in an
entirely different way then in Kozi.owsk1 (1949q). I regard the supposed stolons of this species
as homologous to nonfusellar stolonal tubes in Rhabdopleurites primaevus and the supposed
thecae to fusellar stolonal tubes in the latter. Therefore, I do not regard Stolviodendrum pa-
rasiticum as a primitive graptolite but rather a rhabdopleurid of the family Rhabdopleuritidae.

The above interpretation of fragments of Srolonodendrum parasiticum colony makes it
possible to assume that stolons and zooidal tubes ol that species are not represented in its type
series. I think that stolons have been independently described as such elements of Stolono-
dendrum sp. A—F by Kozrowsk1 (1949«) and erect fusellar parts served as the type material
for describing the tuboid graptolite Conitubus siculoides KozLowsk1, 1949 8. The stolons of
Stolonodendrum sp. A—F do not differ from those of Rhabdopleurites primaevus. In turn, the
presence of a nonfusellar part of periderm in the basal part of “autotheca” and its transition
into the creeping {ube, markedly smaller in diameter, were interpreted as characteristic morpho-
logical features of Conitubus siculoides Koziowsk1 (see Kozrowsk1 19494, fig. 46b and pl. 15,
fig. 9).

Doubts concerning the graptolitic nature of Conitubus siculoides KOozrowski and some
reservations in relation to the taxonomy of the genus Epigraptus E1SENACK (= Idiotubus Xoz-
Lowsk1), put forward elsewhere (MiERZEIEWSK1 1978b), show that it would be desirable to
revise the Tuboidea described by Koziowskl (19494).

DESCRIPTION
Class Pterobranchia Lankester, 1877
Order Rhabdopleurida Fowler, 1892

Family Rhabdopleuroididac fam. n.
Type genus: Rhabdopleuroides Kozrowsk i, 1961

Diagnosis. — Coenecium exclusively composed of creeping stolonal and zooidal tubes and
stolons without cysts of sterile buds.
Remarks. — Monotypic family.

Genus Rhabdopleuroides KozLOWSKI, 1961
Type species: Rhabdopleuroides expectatus Kozrowski, 1961 (monotype)

Diagnosis. — As for family.
Occurrence. — Ordovician of Poland.

Rhabdopleuroides expectatus KozLowski, 1961

1961. Rhabdopleuroides expectaius Kozrowskt; Kozrowski: 4, figs. 1—3.
1970a. Rhabdopleuroides expectatus Kozrowski; Kozrowskr: 5, pl. 1: 1—2.

¢ Kozrowskl (1949a) placed this genus in the family [diotubidae (=Cyclograptidae). However, it differs from all the
other tuboid- graptolites in the lack of a zig-zag suture. This feature brings it closer to graptolites Mastigograptus RUE-
DEMANN and Micrograpius EISENACK and it should be noted that is was regarded as related to the latter by ANDRES (1977).
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Diagnosis. — See Kozrowsk1 (1961: 4—5).

Material. — About a dozen decoloured and strongly crushed fragments of cocnecium from
erratic boulders ZPAL 0.22, ZPAL 0.25, ZPAL 0.42, ZPAL 0.60, ZPAL 0.90 and ZPAL 0.169 as wcll
as from the borehole at Mielnik (depth 1118-—1124 m).

Remarks. — No additional material was found and some of the specimens gathered by
Kozrowski became crushed or even completely destroyed as a result of intense decolouring.

The holotype of Rhabdopleuroides expectatus has become dissolved in glycerine in which
it had been kept and in this way Kozirowsk! (1970a) designated the neotype. However, this
designation appears invalid in the light of the principles of zoological nomenclature. According
to Article no. 75 of the International Code of Zoological Nomenclature, a neotype may be
designated only when a type series has been destroyed or lost and providing that certain formal
requirements are met. In the present case all the specimens of type series except for the holotype
were available. Therefore only one of them could be chosen as neotype. However, Koz-
1.owsk1 (1970q) designated a specimen coming from a new locality (Mielnik borehole). For
this reason I designate as a lectotype a specimen from the type series, described, figured and
designated as paratype by Kozrowsk! (1970a: 7; fig. 2).

Occurrence. — Ordovician of Poland.

Family Rhabdopleuritidae fam. n.
Tvpe genus: Rhabdopleurites Kozrowski, 1967

Diagnosis. — Dendroidal-encrusting cocnecium. Stolothecal tubes nonfusellar in some parts.
Cysts of sterile buds missing.
Remarks. — Monotypic family.

Genus Rhabdopleurites KOzrLowskI, 1967
Type species: Rhabdopleurites primaevus Kozrowski, 1967

Emend. diagnosis. — As for the species.

Remarks. — Monotypic genus. From the biological point of view, it is worth noting an
interesting convergence of colonies of Rhabdopleurites Koziowsk1 and the tuboid graptolite
Kozlowskitubus MierzESEWSKI, The forms resemble one another mainly in the organization
of the colonies as both of them were forming dendroid encrusting colonies. The colonies consist
of an encrusting part, comprising stolonal tubes, and a dendroid part, also comprising a system
of stolons. Colonies of that type are unknown in any other Rhabdopleurida or Graptolithina
which is very difficult to explain in terms of phylogeny. However, it is worth to note here that
Kozrowskr (1949a) regarded the Tuboidea as graptolites most closely related to pterobranchs.

Rhabdopleurites primaevus Koziowski, 1967
(pl. 26, pl. 27: 1=2, pl. 29: 1—13)

21959a. Palaeotuba dichotoma Kozrowsk1; Kozrowskr: fig. 13.

1961. Art Nr 3; ANDRES: 641, figs. 7—8, 10d.

1963a. ?Graptoverinid sp., gen. et sp. indet.; SKEVINGTON: 63, figs. 68—72.
1967. Rhabdopleurites primaevus Kozrowsk1; Kozrowskr: 126, fig. 15,
1970a. Rhabdopleurites primaevus Kozrowski; Kozrowsk:: 6, pl. 2.

1977. Rhabdoplenrites: ANDRES: 72, figs. 23—25.

Emend. diagnosis. — Fusellar tubes varying from 0.3 to 0.6 mm in width and fuselli 60 to
100 um wide. Fusellus collars varying in size, sometimes very large. Some stolonal tubes non-

12 — Palaeontologia Polonica 47
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fusellar. Stolons without diaphragms. Sterile bud cysts missing. Colony encrusting-dendroidal,
with dendroidal part underdeveloped, composed of stolonal and zooidal tubes.

Material. — Some hundred of fragments of coenecium (fusellar and nonfusellar tubes,
isolated and wiih stolons) from Ordovician erratic boulders ZPAL 0.400, ZPAL 0.533, ZPAL 0.542,
ZPAL 0.544 and ZPAL 0.601.

Revised dcscription. — The material comprises fragments identifiable as encrusting and
dendroid parts of coenecium as well as practically unidentifiable {ragments.

The encrusting part of the coenecium is preserved as an entangled mass of stolonal tubes
and stolons (pl. 26: 17). The periderm of stolonal tubes poorly preserved, translucent, yellow
to brown in colour, usually nonfusellar except for locally traceable fusellar parts. No zig-zag
suture was found in the fusellar portions. Stolons highly variable in thickness (20—75 pm),
black and opaque or yellow-brown and translucent. Branchings of stolons fairly chaotic in
appearance; their more detailed analysis is precluded by insufficient preservation of material.
Dichotomous branchings of stolons sporadically found.

The dendroid part represented by fuseilar are tubes circular in cross-section (pl. 26: 1—S8),
and the most common element of coenecium of Rh. primaevus. The longest of them, up to
1500 pm, and from 300 to 600 pm in diameter (about 400 um on average). Apparent diameter
of tubes flattened in the course of diagenesis may exceed 1 mm. Some tubes display marked
changes in diameter (pl. 26: 3—5).

The periderm of tubes well preserved, light-brown or yellow, translucent., Fuselli highly
variable, varying from 60 to 100 pm and occasionally even from 40 to |10 um in width. The
collars of fuselli also highly varying in development (pl. 26: 1—S8). The fuselli usually ring-like,
only sporadically with an oblique suture.

Zoodial tubes are indistinguishable from fusellar stolonal tubes of the dendroid part when
the latter are preserved without stolons. They may be identified with certainty only when
connected to large fragments of coenecium. The specimen shown in pl. 29: 13 represents a frag-
ment of coenecium consisting of zooidal tube (zt), two stolonal tubes (st) and bifurcating stolon
(s, 51, sp). The zooidal tubes in this specimen is clearly wider than the stolonal (300 pm and
45—125 ym in diameter, respectively). It may be assumed that the widest of the fusellar tubes
found represent fragments of zooidal tubes. This is further supported by the fact that unques-
tionable stolonal tubes are below 400 um in diameter. Transition of stolonal tube into the zooidal
appears gradual and the boundary between the tubes is marked by the end of a peduncular
stolon. Peduncular stolons are long (up to 410 pm long), characterized by a more or less strongly
marked widening in the distal part (pl. 29: i3), and are sometimes globular in shape (pl. 26: 11).
The distal part of that stolon is usually more transparent than the rest of stolonal system sug-
gesting a thinner wall. The dendroid parts are also represented by nonfusellar-fusellar tubes
(pl. 26: 12—16) which, however, are less common than the fusellar. The stolons of the encrusting
part appear mainly related to nonfusellar tubes which suggests that the tubes represent fragments
of stolonal ones in which we arc dealing with passage from nonfusellar to fusellar structure.
Boundary between nonfusellar and fusellar parts is fairly sharp and strikingly similar to that
between the nonfusellar prosicula and the fusellar metasicula in graptolites. Collars of
fuselli are very poorly developed in such tubes. No marked changes in diameter were found
in the proximity of the passage from nonfusellar to fusellar tube.

Nonfusellar tubes sometimes display openings located at the top of small conical projections.
Identical projections were described from fusellar tube by Kozrowski (1970q, fig. 13 D).
I think that this is a structure connected with perforatory budding.

The material comprises numerous stolons with fragments of periderm (pl. 29: 1-—12).
Identical stolons but lacking even minute fragments of the periderm of stolonal tube are also
common, It is highly probable that they also represent fragments of Rh. primaevus.

Ultrastructure, — Electron microscope studies of fusellar tubes of Rh. primagevus, carried
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out by URBANEK (1976a), showed that elementary structural units of periderm and their spatial
arrangement are consistent with the ultrastructural image of periderm in modern Pterobranchia.
Moreover, ANDRES (1980) found secondary, unfusellar periderm layers, typical of Rhabdo-
pleurida, on the inner surface of fusellar tubes. Taking this into account I limited the range of
my studies to TEM analysis of periderm of nonfusellar tubes and stolons. :

Nonfusellar tubes are built of periderm with clearly laminar structure (pl. 27: 1). The periderm
is formed of closely packed thin membranes, the number of which is difficult to precise but
surely exceeds 10. Because of laminar structure, the periderm displays distinct trend to fragment
into layers.

The structure of the stolons is fairly compact but sometimes it is possible to see that they
are built of homogeneous matter, formed as a result of cementation of long straight fibres
(pl. 27: 2).

"~ Remarks. — The revised description of Rhabdopleurites primaevus given above is based
on an analysis of the type material (erratic boulder ZPAL 0.400) as well as a newly collected
specimens. The studies showed that the type series of this species did not comprise the whole
material extracted from the boulder ZPAL 0.400 by Kozrowskl (1967) who proposed that
taxon on the basis of isolated fusellar tubes, generally termed by him zooidal, leaving aside
a large part of the material. My studies on the material gathered by Koztowsk1 showed that
it comprises stolonal tubes with stolons and isolated fusellar tubes and stolons.

The record of fusellar stolonal tubes circular in cross-section in the material studied gave
support to the hypothesis of dendroid nature of the coenecium of Rhabdopleurites primaevus,
put forward by KozLowski (1970 a). The analysis showed that in this species coenecia are
partly developed in encrusting and partly in dendroid form. The fragments recorded suggest
that the dendroid part was here poorly developed (see e.g. pl. 29: 13).

On the basis of a few fragments of dichotomously branching stolons from the erratic boulder
ZPAL 031, Kozrowsk1 (1959a) described the species Palaeotuba dichotoma KOzZLOWSKI,
1959, interpreting it as a hydroid. This form is practically undistinguishable from stolons of
Rhabdopleurites primaevus which sometimes also display dichotomous subdivision. 1 regard
Palacotuba dichotoma as stolons of Rhabdopleuritidae and they are most probably conspecific
with Rhabdopleurites primaevus. However, it is inadvisable to recognize Rh. primaevus Koz-
LOWSKI, 1967 as a junior synonym of Palaeotuba dichotoma Koztowski, 1959 as there is no
information on the presence of fusellar tubes in the boulder ZPAL 0.31. Moreover, stolons
of the two nominal species are too simple in morphology to give a reliable basis for specific
identification, especially as they are very similar to those of Stolonodendrum sp., described by
Kozrowsk1 (19494) from the Tremadoc of Wysoczki. Electron microscope studies showed
that the stolon of P. dichotoma, coming from the type series of this species, has an homogeneous
structure (MIERZEJEWSK1 1974) which makes it unimportant for taxonomic discussion. 1 think
that the specific name Palaeotuba dichotoma Kozrowsk1, 1959 should be treated as nomen
dubium.

Fusellar tubes of Rhabdopleurites primaevus have been described by ANDRES (1961). They
were originally described as thecae of the graptolite Mastigograptus RUEDEMANN but his mis-
identification was corrected later (ANDRES 1977). Fusellar stolonal tubes with stolons of RA.
primaevus were also found by SKEVINGTON (19654) who assigned them to Graptovermida.
I regarded the specimens as related to Rhabdopleurida, erroneously placing them in the species
Eorhabdopleura urbaneki Kozitowsk! (MIcrzesewskl 1977). Their correct identification
was made by ANDRES (1977). _

As noted above, Rh. primaevus differs from all the remaining fossil and modern Rhab-
dopleurida in the presence of partially nonfusellar coenecium. A typical structure of the coene-
cium may raise some doubts as it may possibly be due to diagenetic factors. It should be noted
here that in his description of the discovery of nonfusellar-fusellar tube, KozLowskI1 (1967)

u.
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tried to explain the nonfusellar structure as due to fossilization processes. Subsequently he
found another spccimen, interpreting it as initial part of colony, similar to the graptolite sicula,
composed of nonfusellar prosicula and fusellar metasicula (Kozrowsk1 1970a). The existence
of nonfusellar-fusellar tubes has been confirmed by ANDRES (1977). 1 found such tubes in the
material from all the Rhabdopleurites-bearing erratic boulders. Therefore, 1 think that partially
nonfusellar character of the tubarium is not an artifact, i.e. effect of diagenctic changes (see also
p. 173). This scems to be fully confirmed by TEM micrographs. Ultrastructural studies make
possible a full comparison of nonfusellar periderm of R. primaevus and secondary periderm
layers of Rhubdopleura (ANDRES 1980, DirLy, unpublished data) and Cephalodiscus (ANDRES
1980, UrBanek, DiLLy and MIERzEJEWSK ], unpublished data). The secondary layers, strewing
fusellar tube from the inside and covering from the outside, are built of densely packed mem-
branes and display laminar structure. The ultrastructural similarity of these secondary layers
and nonfusellar periderm of Rhabdopleurites primaevus is unquestionable. As this is the case,
the nonfusellar character of periderm can not be treated as evidence for qualitatively different
skeletal matter in Rh. primaevus.

In biological terms the presence of nonfusellar periderm may be explained in two ways:

1) The fusellar phase was left out and secretion of periderm started with deposition of se-
condary layers.

2) The fusellar phase was very strongly reduced in the process of secretion of periderm at
the advantage of the phase of formation of secondary layers. Poorly developed fuselli either
could not be fossilized or they underwent resorption during the lifetime of an individual.

In the former case, the above mentioned metamorphosis of the terminal bud would be
connected with achieving the ability to secrete fuselli, and in the latter with sudden increase
of resistance of fuselli to the influence of diagenctic agents or the ability to be resorbed. TEM
studies on the passage from nonfusellar part of tube to the fusellar should give a basis for
solving the question of the mechanismus responsible for nonfusellar nature of periderm.

In discussing the question of partially nonfusellar nature of the coenecium in RA. primaevus,
it is worth comparing that case and a similar phenomenon in the graptolite Mastigograptus
sp. URBANEK and Towe (1974) found the lack of a fusellar layer in large parts of the periderm
of that graptolite, assuming that this may be due to resorption during life. The similarity is
interesting, especially if one accepts the hypothesis of direct phylogenetic relations of pte-
robranchs and graptolites.

Rhabdopleurites primaevus remains the only hitherto described species of the genus Rhab-
dopleurites Kozrowsk 1. Taking into account the marked variability in development of fusellar
collars and the diameter of fusellar tubes, ANDRES (1977) stated that his material may comprise
more than one species. However, the variability may be intra-specific type. The analysis of the
type series of this species also showed high variability in both the mode of development of the
fusellar collars (pl. 26: 1—=8) and the diameter of the fusellar tubes. The variability in diameter
of the tubes within a single colony is best displayed by the specimen shown in pl. 29: 13.

Occurrence. — Ordovician of Poland, W. Germany and Sweden (Oland).

?Rhabdopleurites sp.
(pl. 32: 4—3)

Material. — Six bunches of stolons from erratic boulders ZPAL 0.499, ZPAL 0.693 and the
borehole Biala Podlaska 2 (depth 680-—687 m), Ordovician,

Description, — Strongly branching bunches of stolons, up to 4.1 mm long. Periderm black,
opaque, except for terminal parts of lateral branchings -— brown and translucent. Surface of
stolons smooth or with membrane-like patches. Terminal parts of lateral branchings widened.
Stolons 43--71 um thick, branching in various planes.
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Remarks. — Affiliation of the form described above to the Rhabdopleurida, especially
Rhabdopleurites scems highly probable. The microfossils may correspond to the stolon system
of the dendroid part in the Rhabdopleurites colony. This is supported by the presence of charac-
teristic membrane-like patches on stolons, which resemble remains of the periderm of stolonal
tubes, as well as the similarity of the distal portions of branchings to peduncular stolons of
RhA. primaevus.

Family Rhabdopleuridae HARMER, 1905
Tvpe genus: Rhabdopleura ALLMAN, 1869

Diagnosis. — Creeping cocnecia. Stolonal tubes and proximal parts of zooidal ones creeping,
distal parts of zooidal tubes ercct. Sterile buds surrounded by cysts.

Remarks. — The family Rhabdopleuridae comprises two genera: Rhabdopleura Allman,
1869 and Kystodendron KozrLowski, 1959,

Fossil remains of Rhabdopleura are known from strata not older than the Jurassic (Ku-
LICKI 1969, 1971). Mor1ELMANS (1955) described Rhabdopleura delmeri MORTELMANS from
the Lower Carboniferous of Belgium but generic affinity of that form, representcd by imprint
only, remains questionable. ?Rhabdopleura sp. described by me from the Upper Silurian of
Poland (Mitrzesewskl 1977) represents in fact the genus Kystodendron.

The genus Eorhabdopleura Kozrowskl, 1970 is a junior synonym of Kystodendron Koz-
LOWSKI, 1959 (see p. 184).

The record of the undoubted genus Kystodendron is limited to the Lower Palaeozoic (Or-
dovician and Silurian) but it is not excluded that a form from the Middle Devonian of Sahara,
identified as Rhabdoplcurites sp. by TAUGOURDEAU (1978) also belongs to that genus.

Of the modern and fossil species of the genus Rhabdopleura, Rh. vistulae KozrLowsk],
1956 appears especially interesting. This species is known from the Maestrichtian, Danian and
Montian of Poland. Kurick1 (1969) noted that the structure of the tubarium of that form differs
more strongly from modern species than from RA. kozlowskii described by him from the Jurassic
of Poland. Thanks to the courtesy of Prof. Krystyna Pozaryska, | got small samples of
core material from the borehole Goéra Pulawska, from which the type series of Rh. vistulae
was derived. Matcrial cxtracted from these samples (pl. 25) indicated that stolons and sterile
bud cysts of Cretaceous-Tertiary Rh. vistulae very closely resemble Ordovician-Silurian species
of Kystodendron.

Kozrowsk1 (1956a) found that the major stolons of R/i. vistulae are circular in cross-section.
My studies carried out with the use of SEM showed that lower surfaces of stolons are sometimes
slightly flattened in this specics (pl. 25: 7). Some stolons are strongly flattened but his may be
explained by diagenesis as they are accompanied by similarly preserved cysts of sterile buds
(pl. 25: 5—06). Tt follows that RA. vistulae occupies an intermediatc position between Kysto-
dendron and the remaining species of Rhabdopleura on account of the type of transversal section
of major stolon (fig. 14).

In Rhabdopleura, cysts of stertle buds are characterized by convex upper surface and almost
flat lower one. The lower surface is thin and is not preserved in Rh. kozlowskii. Cysts of Rh.
vistulae, often almost circular in cross -section (pl. 25: 2—3), are almost identical in morphology
to those of the Silurian Kystodendron tener sp. n. (pl. 29: 24-—26). 1t should be noted that some
cysts of Rh. vistulae, here termed “composite” (see p. 174), are connected by a terminal stolon
(pl. 25: 1—2). Cysts of this type are also known in the Ordovician K. longicarpus and K. compli-
catus sp. n. From the description of Rh. vistulae (Kozrowski 1956a) it follows that peduncular
stolons of cysts are not attached to their proximal ends but rather to the lower surface. The
available material shows both types of connections of peduncular stolons and cysts (pl. 25:
3, 5) but the second one appears much more common.
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Fig. 14.
Comparison of transversal sections of main stolons in Kystodendron longicarpus (E1SENACK) sensu Kozrowsk 1 (A4), Rhab-
dopleura vistulue Kozrowski (B) and Rhabdopleura normani ALLMAN (C).

The presence of diaphragms makes the structure of peduncular stolons of R/ vistulae close
to that of the remaining species of this genus. 1 did not find peduncular stolons with diaphragms
in Kystodendron but it should be noted that some peduncular stolons of cysts of K. longicarpus
(E1sENACK sensu Kozrowskl (fig. 15) appear some what similar to such stolons. Moreover,
diaphragms may be found in terminal stolons of cysts of this species (see Kozrowsk1 1959a,
fig. 24 D,).
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Fig. 15.
Comparison of longitudinal sections of peduncular stolons in K. longicarpus (A), Rh. vistulae (B) and Rh. normani (C).
Abbreviations: d,, d, sccondary diaphragms, db basal diaphragm, s main stolon, sp peduncular stolon. B and C after
Kozrowsk1.

The above comparisons clearly suggest that the genus Kystodendron is very closcly related
to Rhabdopleura. Moreover, it can not be excluded that the former is the ancestor of the latter.
It may bc even discussed whether or not the recorded differences are sufficiently high to treat
Kystodendron and Rhabdopleura as separate genera.

Genus Kystodendron KoziLowskl, 1959
Type species: Chitinodendron longicarpus EISENACK, 1937

Emend. diagnosis. — Major stolon and peduncular stolons of cysts of sterile buds without
diaphragms. Sterile bud cysts circular in cross-section, simple or composite. Zooidal and stolonal
tubes similarly developed as in Rhabdopleura.

Species assigned. — Kystodendron longicarpus (EISENACK, 1937), Kystodendron subtilis
(Kozrowsk1, 1959), Kysrodendron complicatus sp. n., Kystodendron tener sp. n.

Remarks. — The genus was proposed by Kozrowsk1l (1959a), according to whom dif-
ferences between the species Chitinodendron bacciferum EISENACK, 1937 and Ch. longicarpus
EISENACK, 1937 are too great to accept allocation of both species to the same genus. He inter-
preted the former species (KozLowsk 1 1959a, p. 251) as a form of unknown systematic position,
and the latter as a coelenterate of the order Hydroida. The two specics also differ in the ultra-
structure of periderm (MIERZEJEWSKI 1974).

The taxonomy of the genus Kystodendron is fairly complex becausc of some problems con-
nected with nomenclature, mcthodology, etc. lIts type species, Chitinodendron longicarpus
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E1sENACK was described on the basis of an unknown number of specimens. EISENACK (1937)
figured only thrce of them: two fragments of stolons with two cysts each and a single isolated
cyst. Moreover, he gave only brief and rather imprecise remarks on the morphology and
variability of the type series. I analysed several hundred specimens of that genus to find that the
holotype and the remaining specimens figured by EIsENaACK are insufficient for unequivocal
definition of specific features. Long and smooth peduncular stolons of cysts displayed by the
specimens do not differ from corresponding ones in such species as Kystodendron subtilis
(Kozrowski) or K. tener sp. n. In turn, cysts identical in the figured specimens of Ch. longicarpus
EiseNACK may be found in K. subtilis but also in Rhabdopleura vistulae (see pl. 25: 2 and Ei1-
SENACK 1937, fig. 20). Designation of this species as the type of the genus Kystodendron resulted
in significant nomenclatoric complications. Forms described as K. longicarpus (E1s.) by Kozrow-
sk1 (1959a) markedly differ from typical specimens of this species. This 15 especially the case
of peduncular stolons of cysts of sterile buds, long and smooth in the material of EISENACK,
and short with swellings and constrictions in the specimens of KozrLowski. The differences
raise serious doubts as to the conspecific character of specimens described by these authors.

The above data show that Koztowsk1 (1959a) misidentified the type species in proposing
the genus Kystodendron. When this is the case, the matter should be brought to the Interna-
tional Commission on Zoological Nomenclature, in accordance with the Article no. 70. Until
the questions of the name and authorship of the type species of Kystodendron are solved, 1 pro-
pose

a) to use the namc Kystodendron longicarpus (E1SENACK) sensu Kozrowskl for forms
described as K. longicarpus (E1SENACK), i.e. those displaying features making possible correct
identification of the real species;

b) to describe forms named as Chitinodendron longicarpus EI1SENACK by EISENACK (1937),
i.e. those not displaying features characteristic for specific rank, with the use of open nomencla-
ture category, under the name Kystodendron ex gr. longicarpus (EISENACK) sensu KOZLOWSKI,

The genus Kystodendron Kozrowski, 1959 is most probably congeneric with the genus
Cylindrotheca E1SENACK, 1934, EISENACK proposed the genus Cylindrotheca with C. profunda
LISENACK, 1934 as a single species. The type material of that species comprises three fragments
of stolons each with a single incomplete cyst, coming from the Silurian of Czechoslovakia.
However, the present state of knowledge of diagnostic featurcs, makes it possible to state
that the type material of C. profunda is clearly insufficient to be used as the basis for a new
taxon. This material does not make possible unequivocal interpretation of the taxon so the
name C. profunda should be treated as a nomen dubium. Unfortunately, this species is at
the same time the type of the genus Cylindrotheca EISENACK so this genus has to be also as
nomen dubium treated.

The specific namc C. profunda was not used for new findings for thirty two years, until
E1sENACK described under that name some forms from the Lower Ordovician of Oland Islands.
One of these specimens has been designated as neotype by that author. Unfortunately, the above
mentioned lack of features of specific rank in the holotype, conspecific relations between it
and neotype are highly dcbatable. Morcover, the designation of neotype is invalid according to
the rules of zoological nomenclature as it failed to meet formal limitations and requirements of
the International Code of Zoological Nomenclature — Article 75, points a, b and ¢ (1—5).
That is why I regard it necessary to bring the above casc to the International Commission of
Zoological Nomenclature with a suggestion to place the names Cylindrotheca EISENACK, 1934
and Cylindrotheca profunda E1SENACK, 1934 in the index of invalid and rejected names.

Kozrowsk1 (1970a) proposed the genus Eorhabdopleura Kozrowskt with a single species
E. urbaneki Koz1.owsk 1 on the basis of a single fragment of zooidal tube with part of its creeping
part. He claimed that these were the only fragments of coenccium found but the analysis of
accompanying fossils showed the presence of cyst-bearing stolons of Kystodendron longicarpus
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(E1sENACK) sensu Kozrowsk 1, The holotype, (i.e. the only known specimen of Eorhabdopleura
urbaneki) has been lost but an almost identical specimen, representing creeping part as well
as fragment of erect zooidal tube, was found among microfossils extracted from the erratic
boulder ZPAL 0.166. This specimen was also accompanied by stolons and cysts of K. longi-
carpus (E1SENACK) sensu KOZLOWSKI.

The zooidal tube of Eorhabdopleura urbuneki Kozrowskl does not display any features
which would be of diagnostic value for a species. Therefore, both the generic name Eorhab-
dopleura Kozrowski and the specific name Eorhabdopleura urbaneki may be treated as nomina
dubia. Tn turn, the fact that the holotype of the nominal taxon has been accompanicd by remains
of K. longicarpus (EISENACK) suggests that the taxa are conspecific.

a4

Fig. 16.
The same fragment of tubarium of Kystodendron, depending on the mode of preservation of cysts, was interpreted by
previous authors as gonotheca («¢), hydrotheca (b) or hydranth stalk sheath of Athecata (¢).

The taxonomy of Kystodendron appears complicated from the point of view of methodology.
Tubaria of that taxon, as those of fossil species of Rhabdopleura, are as a rule represented
by isolated, small fragments of fusellar tubes and short fragments of stolons, usually with cysts
of sterile buds. Isolated cysts with fragments of peduncular stolons are also common. Stolons
are poorly differentiated and without diaphragms which make it impossible to state whether
their short lateral branchings represent peduncular stolons (on which either zooid or sterile
bud cyst was seated) or simply fragments of broken branches of major stolons. Remains of
Kystodendron are accompanied by numerous microfossils, often tubular in shape, the relation
of which to the tubarium remains debatable. Determination of species on the basis of such ma-
terial is identical from the point of view of methodology as discrimination of fossil species of
Rhabdopleura by Kozrowsk1 (1956a) and KuLicki (1969, 1971) as there always remains some
probability that the sample comprises remains of more than one species of Rhabdopleuridae.
This problem was faced by Kurick1(1971) when he found in Bathonian nodules from Blanowice
near Zawiercie, both Rhabdopleura kozlowskii and remains which he finally decided to describe
under the name Rhabdopleura species.

As in Rhabdopleura, zooidal tubes of Kystodendron are of limited value for the identification
of species. KurLick1 (oral inf.) is inclined to treat the structure of stolonal system, especially
that of peduncular stolons, as of diagnostic value for discrimination of species in Rhabdopleura.
My studies on Kystodendron showed that diagnostic features for species of this genus include
morphology of the stolons of cysts of sterile buds, as well as of the structure and size of cysts.
However, the situation is complicated by the fact that more than one type of cyst or their pe-
duncular stolons may be found in a single species of Kystodendron, as in the Rhubdopleura
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vistulac discussed above. When the amount of material is limited, this often makes specific
identification hazardous and, therefore, the use of open nomenclature necessary.

In discussing the question of the variability in Kystodendron, it is necessary to make a dis-
tinction between actual variability and apparent variability, i.e. that resulting from the state
of preservation. Stolons with incomplete cysts or lack of cysts may differ markedly from well
preserved material and even imitate fragments of hydrosomes of Thecaphora and Athecata
(hig. 16, pl. 29: 14—15).

This paper presents descriptions of only a part of the material available. The material
requiring further study comprises small fragments of stolonsand cysts which may be gencrally
identified only as Kystodendron spp. (see e.g. pl. 32: 2).

Occurrence. — Ordovician and Silurian of Central Europe.

Kystodendron longicarpus (EISENACK, 1937) sensu KozLowskl
(Pl. 27: 5, pl. 28: 11—33, pl. 32: 1)

21937, Chitinodendron longicarpus EI1SENACK; EiseNnack 237, figs. 18—20.
1959a, Kystodendron longicarpus (E1SENACK); Kozrowski: 252, fig. 24,
1970a. Eorhabdopleura urbaneki Kozrowski; Kozrowski: 4, fig. 1.

Material. — Two fragments of zooidal tubes and some dozens of fragments of stolons with
cysts of sterile buds and isolated cysts from erratic boulders ZPAL 0.29, ZPAL 0.158, ZPAL 0.166,
ZPAL 0.169, ZPAL 0.182, ZPAL 0.262, MZ/116, MZ/125, and core material from the borchole at Pod-
borowisko (depth 396—397 m, Arenigian).

Emend. diagnosis. — Zooidal tubes consisting of erect and creeping parts and with structure
similar as in Rhabdopleura. Cysts of sterile buds subcylindrical, variable in length (usually 350—
700 um long), closed or ending with terminal stolon (composite cysts). Peduncular stolon of
cysts usually short, with constrictions and swellings, rapidly widening and passing into cyst.

Description. — Zooidal tubes similar in structure as those of Rhabdopleura (pl. 32: 1).
Creeping part partly preserved, 360—450 um long, with clearly visible regular zig-zag suture,
Erect part preserved in the form of fragments 160—220 um long, circular in cross-section,
110—125 um in diameter. Fuselli 34 um wide at the average. Oblique suture occasionally trace-
able in set-up part. Periderm brown, translucent.

Cysts of sterile buds subcylindrical, with secondary deformations, 350—700 um (occasionally
even 1200 um) long, 50 to 100um in diameter, closed or ending with terminal stolon in distal
parl. Terminal stolon located centrally or excentrically in relation to cyst (pl. 28: 21b, 32, 33),
smooth, with constrictions and even diaphragms (see Kozrowski 1959, fig. 24 D,).
Branchings of terminal stolons and related composite cysts are also occasionally found (pl.
28: 17—18).

Lumps representing cluster of minutc spherules are sometimes found inside cysts the boulder
ZPAL 0.166 (pl. 28: 11). The spherules are about 4 um in diameter and the largest lump of
spherules — about 10 um in diameter.

Peduncular stolons short, usually 40—50 um long, with marked constrictions and swellings
rapidly widening and passing into cysts (pl. 28: 31). Smooth and somewhat longer stolons are
less common. ' -

Major stolons varying from 8 to 12 pm in diameter.

Ultrastructure. — SEM studies showed homogeneous character of the matter which builds
cysts of sterile buds and stolons. Weak traces of lamination were only occasionally found
(pl. 27: 5).

Remarks. — The zooidal tubes of K. longicarpus described above appear different from those
of Eorhabdopleura urbaneki, which 1 consider conspecific. From the description given by
Kozrowsk1 (1970a) it follows that the tube of L. urbaneki is markedly wider (280 pwm) and
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built of wider fuselli (about 50 um wide on average). According to my work the conspecific
character of the above two nominal species is suggested by:

a) co-occurrence of typical cysts and stolons of K. longicarpus and zooidal tubes in both
the material gathered by KozLowsk! and by myself;

b) high variability in diameter of zooidal tubes of Rhabdopleuridae: from 140 to 240 um
in Rhabdopleura kozlowskii and from 50 to 170 um in Kystodendron ex gr. longicarpus described
below,

Taking this into account, 1 treat the differences between zooidal tube described by Koz-
LowskK1 (1970a) and those described by myself as due to intraspecific variability of Kystodendron
longicarpus (E1SENACK) sensu Kozi.owskl. The relation between this specics and the type
material of the nominal species Chitinodendron longicarpus EISENACK was discussed above
(pp. 182—183).

The clusters of minute spherules found inside cysts of sterile buds seem to correspond to
yolk matter known from modern species of Rhabdopleura (see STEBBING 1970: 210, fig. 6).
If this is the case, preservation of yolk matter would be an interesting example of fossilization.

Occurrence, — Ordovician of Poland.

Kystodendron ex gr. longicarpus (E1SENACK) sensu KOZLOWSKI
(pl. 28: 1—10)

Material. — About a dozen fragments of stolons with cysts of sterile buds and a dozen
fragments of zooidal tubes from core material from the borehole Biata Podlaska 2 (depth
680—687 m), Ordovician.

Description. — Zooidal tubes represented by fragments of erect parts, 300—1540 um long
and 50—170 pm (113 um at the average, standard deviation 35.55) in diameter. Fuselli 3 to
8 in number per 100 pm section of tube, narrow (12—35 pm wide, 17 um at the average, standard
deviation 6.24). Collars of fuselli weakly marked. Narrow tubes as a rule displaying narrow
fuselli.

Cysts of sterile buds (pl. 28: 6-—9) without distal parts, seated on smooth peduncular stolons.
Cysts 110—600 pm long (288 um at the average, standard deviation 154.18) and 30—100 um
in diameter (60 pm at the average, standard deviation 22.61). One of the specimens with com-
posite cysts (pl. 28: 8). Peduncular stolons vary from 20 to 250 um in length.

Major stolons 7—12 pm thick.

Remarks. — The specimens described above arc characterized by peduncular stolons typical
of Kystodendron subtilis (Kozrowsk1) and open cysts of sterile buds, resembling those of
K. longicarpus (EISENACK) sensu KOZLOWSKI.

Kystodendron subtilis (Kozrowsk1, 1959)
(pl. 36: 5—8)

1959a. Cylindrotheca subtilis KozLowski; Kozrowsk: 232, fig. 11.
1959a. Gonotheca Forma C; Kozrowsk1: 257, figs. 29a—<.
1965h. Gonotheca Formae A&C; SKEVINGTON: 158, figs. 9—17.

Emend. diagnosis. — Cysts of sterilc buds large, usually 500-—1000 um long, elongate,
subcylindrical or, sometimes, spindle-shaped or irregular, with eccentrically displaced long,
smooth and gradually widening peduncular stolon. Distal part of cysts usually with terminal
stolon.

Fusellar and stolonal tubes unknown.
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Material. — Some tens of isolated cysts and a few fragments of stolons from the erratic
boulders ZPAL 0.121, ZPAL 0.153, ZPAL 0.158, ZPAL 0.182.

Description. — Fragments of branching stolons with cysts of sterile buds are very rare in
the material studied (see Kozrowsk1 1959a, fig. 11). Isolated cysts with preserved peduncular
stolons are most common here (pl. 36: 7—38).

Cysts are very large, 500 to 1000 pm long or even longer. They are accompanied by some
smaller ones, merely 200 pm long but some intermediate in size are fairly numerous. Cysts
are usually markedly elongate, subcylindrical or, sometimes, spindle-like or irregular in shape.
They display marked trend to bending, most probably reflecting bends of stolonal tube in which
they have been placed. Typical cysts become narrower in the distal part, gradually passing in-
to a terminal stolon. The lack of the latter in some cysts may be explained by mechanical
damage when the periderm is mature (i.e. black and opaque) and distal part missing.

The peduncular stolon of cysts vary in length, being up to 250 pm long in extreme cases.
It is eccentrically located in relation to the outline of the cyst. It is always displaced towards
the major stolon which makes it possible to identify a part of a cyst directed towards the stolon
and the opposite one.

Among the cysts there may be found immature ones, built of markedly finer periderm
(immature periderm, i.e. brown and translucent), and with the distal part and terminal stolon
lacking (see also SKEVINGTON 19656, fig. 17). Discrimination of such cysts and those displaying
mechanical damage (see above) is fairly easy thanks to differences in the periderm from which
they are built. There were also found completely closed cysts, with the outlet related to the
peduncular stolon as the only one.

Major stolons, 20—40 ym in diameter, are black and glittering or eventually translucent
and brown.

Zooidal and stolonal tubes are unknown. Some shreds of translucent periderm were found
on some stolons and cysts,

Ultrastructure, — TEM studies failed to show any differentiation in ultrastructure of the
matter which forms cysts of sterilc buds and stolons, even at magnifications of the order of
60.000 X (MIERZEJEWSKI 1974).

Remarks. — The species discussed above was described as two independent forms: Cy-
lindrotheca subtilis Kozrowsk1 and Gonotheca Forma C by Kozrowsk1 (19594). The former
actually comprised stolons with attached cysts. The lack of distal parts made the cysts deceptively
similar to hydrotheca of the Hydroida. In turn, Gonotheca Forma C comprised isolated, almost
complete cysts with peduncular stolons and distal parts and with only terminal stolons missing.
Comparative studies of the type series of both forms and some new material from the relevant
type localities showed that they are undoubtedly conspecific. It is worth noting that the erratic
boulders ZPAL 0.121 and ZPAL 0.182, from which Cylindrotheca subtilis had been described, were
also found to yield complete cysts with terminal stolons.

Of the names used for the species Cylindrotheca subtilis KozLowsK1 is the only taxonomi-
cally valid one. As was stated above, the generic name Cylindrotheca E1SENACK should be treated
as nomen dubium (see p. 183) and the species in question appears morphologically very close
to Kystodendron longicarpus (E1SENACK) so it is assigned here to the genus Kystodendron Ei-
SENACK.

Rich material of Kystodendron subtilis (Kozi.owsk1) has been described from the Lower
Ordovician of Oland under the name Gonothecae Formae A & C by SKEVINGTON (1965).
Of this special attention should be paid to a specimen displaying a cyst with terminal stolon
which passes into a branching stolon with two other cysts (SKEVINGTON 19655, fig. 14). In the
Lower Ordovician of Oland, SKEVINGTON (1965b) also found a form which he identified as
Cylindrotheca subtilis KozLowsk 1. It was not discussed in detail as he regarded it as matching
the description given by Kozrowsk1 (1959a). However, it is meaningful that the specimens
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supposed by him to represent Cylindrothcea subtilis were accompanied by Gonothecae A & C,
This gives further support to the conspecific character of these forms.

Kystodendron subtilis appcars morphologically close to K. longicarpus, especially in the
presence of terminal stolons in distal part of cysts. The former differs from the latter in its
larger size, and slender cysts which seated on smooth peduncular stolons, and a marked eccentric
translocation of peduncular stolon in relation to the outline of cyst.

Occurrence. — Lower Ordovician of Oland (SKEVINGTON 19656), Ordovician erratic boulders
from Poland (Kozrowsk1 1959q).

Kystodendron cf. subtilis (Kozrowsk1, 1959)
®l. 32: 3)

Material. — Two specimens from the Ordovician erratic boulder zZPAL 0.533,

Description. — Cysts subcylindrical, elongate, without distal part, Peduncular stolon smooth,
long, gradually widening. One spccimen displays a shred of periderm, most probably corre-
sponding to secondary layer of periderm (pl. 24: 3).

Remarks. — The specimens described above most probably belong to the species K. subtilis
but the material is too poor and cysts oo incomplete for identification without reservation.
The preserved shred of periderm confirms affiliation of K. subtilis and similar forms to Rhab-
dopleurida.

Kystodendron aff. subtilis (KozrLowski, 1959)
(Fig. 17)

Material. — Some dozens of fragments, mainly cysts of sterile buds, sometimes connected
with relatively long sections of stolons, from the Ordovician erratic boulder ZPAL 0.695.

Description. — Cysts of sterile buds very large, built of black, thick, glittering periderm,
usually 600—1050 ;zm long but sometimes longer (1300—1890 j.m), markedly varying in morpho-
logy: from very long and narrow (fig. 17: 4, 12) to relatively wide in relation to their length
(fig. 17: 2), usually straight (fig. 17: 79, 12), sometimes distorted to various degrees. Distal
part of cysts relatively rarcly preserved (mechanical damage?), best preserved in small cysts.
Distal part open to the outside narrowed aperture and without terminal stolons. Peduncular
stolons varying from 20 to 110 um in length, gradually passing into cysts and usually ec-
centrically located in relation to its periphery, 12 to 80 um wide. Major stolons 50—150 pm
thick.

Remarks. — The form described above is characterized by cysts of sterile buds clearly
larger than in all the hitherto known representatives ol the genus Kystodendron Kozrowsk1.
In morphology, it is closest to those of the species K. subtilis (KozLowsk1, 1959a) but they
do not seem to be conspecific. It is not clear whether the lack of terminal stolons of cysts is
due to their mechanical fracture or a feature characteristic of K. aff. subtilis. 1 think that further
discoveries of such forms will allow their separation as a new taxon.

Kystodendron complicatus sp. n.
(pli729: 35—4), fig. 18)

Holotype: Fragment of stolon with threc cysts ol sterile buds, from the erratic boulder ZPAL 0.62 (Ortowo) (ZPAL
Pb. 111/13).

Type horizon and locality: Upper Ordovician, erratic boulder ZPAL 0.62 {rom Orlowo.

Derivation of the name: Lat. complicatus — complicated, on account of fairly complicated morphology of cysts
and stolons.
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Fig. 17.
Kystodendron aff. subtilis (Kozrowsk1) (ZPAL PL.I/19). Sterile bud cyst with stolons, boulder no. ZPAL 0.695, Mochty,
Ordovician.

Diagnosis. — Cysts ol sterile buds composite, small, varying in lenght (180—410 pm),
Peduncular stolons with discs. _

Material. — Seven fragments of stolons with cysts of sterile buds and one isolated cyst.

Description. — The holotype (pl. 29: 41, fig. 18: 4) represents a fragment of stolon, 1580 pm
long, with threc cysts seated on scparale peduncular stolons and one peduncular stolon without
cysts. Major stolon about 10—12 pm thick. Cysts a and b 220 and 230 um long, respectively,
30—60 pm wide and ended with terminal stolons with cup-shaped discs, Cyst d without distal
part but this is probably not due to mechanical damage but rather its immaturity as its wall
fairly light. Peduncular stolons of cysts, b, ¢ and d with cup-shaped discs. Connection of cyst
a and major stolon indistinct. Periderm black, glittering.
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The remaining specimens do not differ from the holotype in the morphology of cysts and
stolons. Cysts vary from 180 to 410 pm in length (276 ym at the average, standard deviation
77.34). However, attention should be paid to a specimen with fairly complicated morphology,
shown in pl. 29: 37 and fig. 18: 1. This specimen displays a small cyst, ¢,, separating from disc

3 A 43

Fig. 18.
Kystodendron complicatus sp. n. Fragments of stolons with sterile bud cysts (ZPAL Pb.I./ 13). 1 — holotype. Abbre-
viations: ¢ — sterile bud cyst, ps — peduncular stolon, s — main stolon, sc¢ — cup-shaped disc
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sc,. In its distal part the cyst passes into two terminal stolons — one long (S) and arother short,
ending with disc (sc,) and representing at the same time peduncular stolon of large cyst (c,).
The cyst ¢, ends with terminal stolon which displays bulb-like widening (disc sc?).

One of the remaining specimens (fig. 18: 2) displays peduncular stolon with disc. No cyst
is attached to that disc but a short stolon (ps), dividing into stolon with disc and another without
disc. This pattern somewhat resembles the one described above: sc,4-c,+s-+sc,. Cysts show
a marked trend to adjoin stolons.

Typical representatives of Kystodendron complicatus sp. n. are accompanied by a fragment
of stolon with two cysts of sterile buds (pl. 29: 40). Peduncular stolons of these cysts are without
discs. The available material is insufficient to state whether this specimen represents a separate
taxon or, as seems more probable an effect of variability of K. complicarus sp. n,

Remarks. — Kystodendron complicatus sp. n. is closest in morphology to K. longicarpus
(E1sENACK) sensu Kozrowsk I, from which it differs in the presence of cup-shaped discs on the
peduncular and terminal stolons of cysts.

Occurrence. — Known from the erratic boulder ZPAL 0.62 only.

Kystodendron tener sp n.
(pl. 29: 20--34; fig. 19)

1977.  ?Rhabdopleura sp.; Mierzeiewskr: 105, fig. 2.

Holotype: Fragment of major stolon with cysts of sterile buds (pl. 29: 26) (ZPAL Pb. 111/9).
Type horizon and locality: Erratic boulder MZ/142 (Poddebie), upper Silurian.
Derivation of the name: Lat. tener — fine.

Diagnosis. — Major stolons and peduncular stolons of cysts smooth or with various swellings,
Cysts of sterile buds without terminal stolons. Zooidal tubes fine, 140—280 ym in diameter,
with weakly marked collars. )

Material. — Over a hundred [ragments of stolons witli cysts of sterile buds and some tens
of fragments of zooidal tubes from erratic boulder Mz/140, MZ/112 and Mz/148 (Silurian).

Description. — All the elements of coenecium very fine and translucent.

Major stolons 1530 pum in diameter, smooth or with various swellings (pl. 29: 21—30).
Peduncular stolons of cysts varying in length (40—300 pm long), smooth or with fairly regularly
spaced swellings. Cysts of sterile buds without terminal stolons, 130—1100 pm long and 40—80
pm wide.

The preserved fragments of zooidal tubes 300—900 um long, representing set-up part only
(pl. 29: 32—34, fig. 19), 140--280 pm wide; fuselli 35—90 pm wide. Collars of fuselli poorly
developed. Periderm translucent, almost colourless.

Remarks. — Kystodendron tener sp. n. is close to K. longicarpus, differing in the presence
of small, irregular widenings of major stolons and the lack of terminal stolons. Fusellar peri-
derm of zooidal tubes differs from that of other Ordovician-Silurian Rhabdopleurida in being
exceptionally fine and almost completely colourless,

?Kystodendron sp. A
(fig. 20)

Material. — A single specimen from the Ordovician boulder Mz/14,

Description. — Fragment of flattened zooidal tube, 435 um long and 150 ym wide. Fuselli
about 24 um wide at the average, mainly in the form of rings. Oblique suture traceable on some
fuselli only. Periderm light-brown, translucent.
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Fig. 19.
Kystodendron tener sp. n. Zooidal tubes (ZPAL Pb.T/ 9), > 160. Roukler no MZ/142, Poddebie, Upper Silurian.

Remarks, — I regard the above specimens as a fragment of erect part of zooidal tube of
Rhabdopleurida and I place it tentatively in the genus Kystodendron. The possibility that is
represents a fragment of graptolite of the genus Mastigograptus RUEDEMANN or Micrograptus
E(SENACK appears less probable,

YKvstodendron sp. B

1959a. Gonotheca Forma B; Kozrowskr: 256, fig. 28.

Material. — Fragment of stolon with two cysts of sterile buds, from Ordovician boulder
ZPAL 0.163. : :
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Description. — The specimen has been described in detail by Kozrowski1 (19594). A highly
advanced decolouring resulted in its break up.

Remarks. — KozrLowsk1 (19594) assigned this specimen to Hydroida as he interpreted it
as a fragment of hydrozoan branch with two gonothecae. However, two facts speak against
that interpretation: 1) the supposed gonothecae are closed and 2) one of them is surrounded
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Fig. 20.
YKystodendron sp.A. Zooidal tube (ZPAL Pb.1/ 14). Boulder no. MZ/14, Orzechowo, Ordovician.

by shred of membrane which has no equivalents in hydrosomes of Hydroida. In turn, there
are no features which would speak against treatment of the specimen as stolon with cysts of
sterile buds of Rhabdopleurida. This would also explain apparently enigmatic nature of the
shred of membrane as a remain of inner, unfusellar periderm layer of stolonal tube.

Incertae sedis (Pterobranchia?)

Genus Lagenohydra Kozrowski, 1959
Tvpe species: Lagenohydra phragmata Kozrowski, 1959

Diagnosis. — See Kozrowsk1 (1959a: 245-—247).

Remarks. — Monotypic genus. Kozirowsk1 (19594) regarded this form as a hydroid cha-
racterized by distinct dimorphism of thecae. However, Lagenohydra is neither related to hydroids
nor any other coelenterates. The supposed thecae do not resemble any modern or fossil Coe-
lenterata in morphology and distribution. If we treat this form as hydroid, it should be necessary
to assume both coenosarcal and zooidal growth of the colony. Thecae “a” would be of
coenosarcal origin and thecae “b™ — growing from the former — of zooidal origin (fig. 21).
Such mixed type of growth is absolutely unknown in coelenterates (see BEKLEMISHEV 1957).

T think that the holotype, i.e. the only hitherto recorded representative of Lagenohydra
phragmata XozrLowsk1 probably represents a fragment of stolon of the Rhabdopleurida, on
which cysts of sterile buds are seated. It can not be excluded that this form is close (if not con-

13 — Palaeontologia Polonica 47
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generic) to the Kystodendron Kozrowskl, especially K. complicatus sp. n. This is shown by
the general morphology of cysts, especially the presence of terminal stolons on them and the
growth of secondary cysts from the primary.

Lagenohydra phragmata KozrLowski, 1959
(ig. 21)

1959. Lagenoliydra phragmata Kozrowski; Kozrowskr: 258, fig. 33.

Remarks. — The species has been described on the basis of a single specimen from Ordovi-
cian boulder ZPAL 0.42. Because of intense chemical decolouring, the specimen was dissolved
in glycerin before 1972.

Fig. 21.
Lagenohvdra phragmata Kozrowsk:. Sketch reconstruction of “thecae™ after Kozrowski.

MISCELLANEA

The chapter presents descriptions of organic microfossils which belong to various groups
of invertebrates. Determination of their systematic position is, however, highly troublesome in
the present state of knowledge. Of the forms described, the only affiliation which may be re-
garded as possible are those of Kozlowskisyrinx graptovermiformis gen. n.. sp. n. to the Po-
lychaeta. The microfossils described below represent only a part of the orginic problematic
which I found in Ordovician and Silurian rocks or described previously by other authors.
Such groups as Acanthastida, Graptoblasti, Graptovermida or Melanoskleritoidea are neglected
here. Acanthastida, known from the Tremadoc of Poland only (Kozrowski 1949g), were
the subject of ultrastructural studies of URBANEK (unpublished data). Graptoblasti described
from the Ordovician (Kozrowsk1 19494, 1962) and reported from the Silurian (MIERZE-
JEWSKI 1977), were also covered by electron microscopy studies (URBANEK and RICKARDS
1974, Mierzriewsk! 19845, URBANEK, MIFRZEEWSKI and Rickarps 1986). Their
biological significance was discussed by URrBANEK (1986). Melanoskleritoidea, regarded
as coelenterates by EISENACK (1942, 1950, 1963) and as algae by GOrRkA (1971) and J. KAZMIER-
czak (oral inf.) were recently discussed by LAUFELD (1979b), SCHALLREUTER (1981) and others.
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Genus Ascosyrinx KozLowsk1, 1967
Type species: Ascosyrinx tenuis KOZLOWSKI, 1967

Diagnosis. — See KozrLowsk1 (1967: 112),

Remarks. — Under that generic name, Kozrowsk1 (1967) described two species: A. tenuis
Kozrowsk1, 1967 and A. robustus Kozrowsk1, 1967. New findings of such forms make possible
a more accurate reconstruction of their morphology and to question their congeneric character.
A. robustus appeared to be scyphopolyp and it is here transferred to the genus Byronia MATTHEW
(see p. 146) whereas the systematic position of A. tenuis is treated as still unclear.

Ascosyrinx fenuis KozLowsk1, 1967
(pl. 33, pl. 34: 1—4, pl. 35: 2)

1967. Ascosyrinx tenuis Kozvowski; Kozrowskr: 113, fig. 5.

Diagnosis. — As for the genus.

Material. — Several dozen specimens from boulders M2/86, ZPAL 0.137, ZPAL 0.179, ZPAL 0.185,
ZPAL 0.244, ZPAL 0.366, ZPAL 0.469 and ZPAL 0.498.

Description. — Organic test in the form of flat-convex, subconoid or hemispheric chamber
with central aperture. Aperture situated at the top of long narrow tube. Base of chamber at
the place of attachment to substratum represented by thin flat sole with numerous band-like
thickenings (pl. 35: 2). Chamber slightly varying in diameter, from 0.4 to 0.5 mm, and tube —
from 0.08 to 0.1 mm. Length of tube is most variable here but this may be due to the fact that
it is often broken off. The tube is up to 1.5 mm long at the most.

Periderm black, glittering, opaque, not displaying differentiation in microstructure under
the light microscope when decoloured.

Ultrastructure. — Ultrastructure was studied with the use of SEM and TEM methods.
Periderm seems to be completely structureless in fractured surfaces studied under SEM (pl. 34:
4) whereas TEM studies make it possible to distinguish two zones in cross-sections of the
tubes: a) external, more or less homogeneous, with locaily spaced subradial irregular fissures,
and b) inner, built of five concentric layers, separated by a material occurring in the form of
radially arranged “pillars” (pl. 33: 6, pl. 34: 1). Periderm of the chamber does not display
elements known from the tube and it is homogeneous (pl. 34: 2). All the elements of chamber
{except for the sole) are built of the same organic material. The material is inhomogeneous
in electronic density. In some electron micrographs it appears as irregular narrow bands
varying in density and separated by irregularly spaced pores (pl. 34: 2). The substance displays
granules of high electronic density (pl. 34: 2—3).

The sole and overlying band-like thickenings are built of spongy organic substance, locally
very loose in character (pl. 33: 1—2),

Inside chamber, a significant amount of organic matter varying in shape and structure
is found. Some of bodies recorded there are membrane-like or more or less lumpy in shape
(pl. 33: 3-—-95).

Remarks. — Ascosyrinx tenuis is almost idcitical in morphology with some isolated au-
tothecae of camaroid graptolites (Camaroidea) described from the Tremadoc of Wysoczki by
Kozrowsk1 (1949a). The similarity, especially to the specimen “Echantillon No. 210" was
noted by that author (KozLowsk1 1967: 113). However, the forms essentially differ in the lack
of fusellum and cortex, typical of graptolites. in periderm of 4. tenuis. The differences in structure
seem to preclude any affinity between this species and Camaroidea. However, the studies
carried out by UrRBANEK and myself (in press) showed that dendroid graptolites from Wysoczki
essentially differ from the same extracted from erratic boulders in ultrastructure of periderm
and that the differences may be due to different conditions of fossilization.
13¢
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The membrane-like and lumpy bodies found inside the chamber of A. renuis draw attention
to ovoid bodies described from authotheca of Cysticammara accollis Kozi.owsk1 (Camaroidea)
by KozrowskI (19494, 1971) and interpreted by him as graptolite eggs (URBANEK and MIE-
RZEJEWSKI, in preparation).

Occurrence. — Ordovician erratic boulders from the area of Poland.

Genus Chitinodendron EISENACK, 1937
Type species: Chitinodendron baccifertim EI1SENACK, 1937

Remarks. — E1seNack (1937) treated this genus as form of uncertain systematic affinities
but he supposed that it may represent organic lining of foraminifer test. He compared this
form with foraminifers Psammatodendron NORMAN, Dendrophrya WRIGHT, Rhizammina
Brapy, Aschelmonella BrRapY and Ramulina RUPERT JONEs. CusHMAN (1948) and Bykova
and REITLINGER (1959) assigned the genus Chitinodendron to subfamily Dendrophyrinae of the
family Hyperamminidae (Foraminifera).

Besides the type species, EISENACK (1937) assigned to this genus also Ch. longicarpus El-
SENACK. Fot the latter, Kozrowsk1 (1959«4) proposed a separate genus Kystodendron Koz-
LOWSK]1, treating it as hydroid. This form is here discussed as representative of pterobranchs
of the order Rhabdopleurida (p. 182).

The genus Chitinodendron is essentially known from the Ordovician and Silurian of the
Baltic region only. Uncertain occurrences of forms morphologically close to that genus were
reported by ELLER (1964) from the Devonian of Ontario and CHAIFEZ (1974) from the Lower
Silurian of Alabama.

Chitinodendron bacciferum EiSENACK, 1937
(pl. 24: 6, pl. 32: 12—15, pl. 34: 506, pl 37: 8)

1937. Chitinodendron bacciferuin E1SENACK; EISENACK: 236, f[igs. 9—17, pl. 16: 6.
1959a. Chitinodendron bacciferum Bisenack; Kozrowskr: 253, fig. 25.

Material. — Several specimens from boulders ZPAL 0.29, ZPAL 0.31, ZPAL 0.184, ZPAL 0.240,
ZPAL 0.523, MZ/38 and from the borehole Krzyze 4 (depth 477—479 m).

Description. — The material available fully matches descriptions given by EI1SENACK (1937)
and Kozrowsk1 (1959a). Some more interesting specimens are shown here in pl. 32: 12—14.

Ultrastructure. — Section 1 —2 pm thick appear black and opaque under the light microscope.
Interior of the vesicles are infilled with concentrations of black substance. Periderm varying
from 2.2 to 2.9 um in thickness.

The periderm secms structuretess under TEM at magnifications of the order of a few thousand
times (p. 32: 15). At larger magnifications, it is possible to note that structureless basic material
forms the bulk of periderm. In that matter there are embedded fine granules of high clectron
density (pl. 34: 5). The granules, variable in size, are arranged in layer in which their size is
markedly less varying. Attention should be paid to a layer formed of especially large granules
(pl. 37: 8) and visible even at low magnifications. Outer and inner surfaces of periderm are
covered with more or less loosely spaced, relatively large granules (pl. 37: 8).

Interior of vesicles is partly infilled in an irregular way with concentrations of organic
substance, sometimes close to that forming periderm. The concentrations may vary from
irregular to subcircular in shape in cross-sections. Irregular concentrations display grit-like
structure and they are built of lumps of matter varying in clectronic density (pl. 37: 8), whereas
the subcircular ones may be completely homogencous (pl. 34: 6) but they usually resemble
periderm in ultrastructure. The latter, however, differ from periderm in random arrangement
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of granules. The concentrations are accompanied by smaller ones, consisting of lumps of high
electronic density only. Some of them seem to represent inner linings of periderm, translocated
to the interior of vesicle (pl. 32: 15).

Intercalations of the grit-like matter may be locally found in periderm (pl. 37: 8). The inter-
calations, similarly as regular arrangement of granules in periderm, suggest its prolonged forma-
tion.

The techniques used does not allow biochemical interpretation of the ultrastructures recorded.

Remarks. — I regard the systematic position of Ch. bacciferum as generally unclear but
I treat the hypothesis of its affiliation with Foraminiferida (E1seNack 1937, KozLowsk1 1959a)
as fairly probable. My unpublished ultrastructural studies on organic linings of Jurassic for-
aminifers of the Nodosariidae failed to show any structural differentiation but this may be
irrelevant.

Occurrence. — Ordovician and Silurian of Poland and Estonia (Eisenack 1937, Kozir.ow-
SK1 1959a).

Genus Diplohydra Kozrowskl, 1959
Type species: Diplohydra longithecata Kozrowski, 1959

Remarks. — Kozrowsk1 (1959a: 240) gave the following diagnosis of this genus: “Les
espéces groupées dans ce genre sont caractéris€es par la présence, le long des rameaux, des
théques de deux catégories, groupées par paires et communiquant entre elles de différente ma-
niere”. He assigned four species to it: D. longithecata, KozLowsKl, D. micropedunculata Koz-
LOWSKI, 1959, D. gonothecata Kozrowsk1, 1959 and D. solida KozrLowsk1, 1959. The type ma-
terial of these species was rather limited and its greater part underwent destruction in time. The
preserved fragments of specimens display some features which make me doubt in both congeneric
character of the four species and their affiliation with Hydroida. I think that the supposed pairs
of thecae of two categories, grouped at each node, should be rather treated as single “thecae”
seated at lateral branchings of major stolon. This is especially the case of D. gonothecata,
which displays some similarity to some species of the genus Kystodendron KozrowskI. In turn,
D. solida resembles stolon of Rhabdopleurites Kozrowsk1 in morphology. Highly fragmentary
character of the type material and the lack of new ones makes any taxonomical decisions con-
cerning this genus hazardous.

Genus FEisenackisyrinx gen. n.
Type species: Eisenackisyrinx curvatus sp. 1.

Derivation of the name: In honour of ALFRED EISENACK, student of microfossils, and from Gr. syrinx — tube.

Diagnosis. —— As for the type species.
Remarks. — Monotypic genus.

Eisenackisyrinx curvatus sp. n.
(pl. 35: 3)

Holotype: The specimen shown in pl. 35: 3 (ZPAL V. X/5)

Type horizon and locality: The Eoplacognathus pseudoplanus Zone (Llanvirnian), erratic boulder MZ/42 (Orzecho-
wo).

Derivation of the name: Lat. curvatus — curved.

Diagnosis. — Curved, irregular tubes, narrowing at both ends, up to 2 mm long or longer.
Material. — Nine specimens from the boulder Mz/42,
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Description. — Strongly bent irregular tubes built of black, glittering opaque periderm.
Tubes about 100—210 ym in diameter, narrowing to 30—50 um at both ends, with maximum
length over 2 mm.

Remarks. — The systematic position of Eisenackisyrinx curvatus sp. n. is unclear. This mi-
crofossil displays a distant similarity to Gonothecae Forma D, described by Kozrowski
(1959a), from erratic boulder of Ordovician age, differing from the latter in the lack of one-sided
flattening.

Occurrence. -— The specimen is known from the tvpe locality only.

Genus Kozlowskisyrinx gen. n.
Type species: Kozlowskisvrinx graptovermiformis sp. n.

Derivation of the name: In honour of Professor RoMax KozLowski (1889 —1977), an outstanding Polish paleontolo-
gist, and from Gr. syrinx — tube.

Diagnosis. — As for the species.
Remarks. — Monotypic species.

Kozlowskisyrinx graptovermiformis n. sp.
(pl. 27: 6, pl. 37: i--0)

Holotype: Specimen shown in pl. 37: 1 (ZPAL V.X/10)
Type locality and horizon: Erratic boulder ZPAL 0.218 of the Ordovician age, Zakrocszym.
Derivation of the name: From the generic name Graptovermis Kozrowsk1, 1949, and from Lat. forma — shape.

Diagnosis. — Translucent, not branching tubes tightly coiled mainly in one plane. Tube wall
brown, smooth, almost transiucent.

Material. — Five specimens {rom boulder ZPAL 0.218 and one from boulder ZPAL 0.470.

Description. — Fine, brown, almost translucent tubes, optically homogeneous and tightly
coiled in one plane. Tube side adhering to substratum thinner and flattened. Coils of tubes
thightly to loosely packed. Tubes varying from 80 to 100 um in diameter.

Ultrastructure. — TEM studies showed granular nature of tube building matter (pl. 27: 6).
Fine granules of high electronic density are embedded in homogeneous basic material. Some
parts of cuttingsdisplay free spaces correspondingto the granules in size. The spaces undoubtedly
represent traces after granules broken down by knife in the coursc of cutting the sample.

Remarks. --- Kozlowskisyrinx graptovermiformis sp. n. appears strikingly similar to
the enigmatic Lower Ordovician genus Graptoverniis KozLowski, 1949, especially the species
G. intestinalis Kozi.owskl, 1949 (see KozLowskl 1949¢, pl. 15: 6), differing in the lack of fusellar
structure and smaller dimensions. The similarity between these forms appears merely super-
ficial and not connected with their systematic positions.

I am inclined to interpret the forms described above as living tubes ol polychaetes. Among
modern polychaetes, Potamilla reniformis (Miller) of the family Eunicidae s. /. and several
others build translucent horny tubes.

The living tubes are built by several spccies representing various families of polychaetes.
Individual genera (as e.g. Funice CUVIER) often comprise both errant and sessile species,
living in tubes. The tubes may be built of mucus-like, membrane-like or horny matter or they
may be calcareous or agglutinated. Among organic microfossils from the Ordovician and
Silurian of Poland, there are sometimes found tubes which may belong to Polychaete. The
current techniques of dissolving rocks only gives a chance of preservation in the residuum only
to tubes of horny matter. Tubes of that type are not characteristic of orders, families or even
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genera so their taxonomy is immediately impeded. TEM techniques may appear useful in identi-
fication of species.

Also tubothecae of benthic graptolites are interpreted as living tubes of sessile polychaetes
(KozrLowskI 1970b, URBANEK and MIERZEIEWSKI 1982). Fairly rich findings of organic tubes
were recently reported from the Silurian of Gotland by Broop (1979).

Occurrence. — Ordovician erratic boulder from the area of Poland.

Genus Phragmohydra KozLowski, 1959

Type species: Phragmohydra articulata Kozrowsk1, 1959

Diagnosis. — See Kozrowskl (1959a: 238).
Remarks. — Monotypic genus.

Phragmohydra articulata KozLowsk1, 1959

1959a. Phragmohydra articulata Kozrowski; Kozrowski: 238, fig. 15.

Remarks. — The genus was described on the basis of a few specimens from Ordovician
erratic boulders ZPAL 0.12 and ZPAL 0.110 by Kozrowsk1 (1959a). The whole type series of
Ph. articulata was lost or dissolved in glycerine before 1972,

Kozrowsk1 (19594) regarded this species as hydroid but there is no evidence in favour of
that point of view. Ph. articulata very clearly differs in morphology from all the hitherto described
Hydroida. It also differs markedly from the known stolons of graptolites and pterobranchs,
I suppose that this form would be best treated as an incertae sedis organism until better pre-
served specimens are found.

Genus Xenohydra KozLowskI, 1959
Type species: Xenohydra labiata Kozrowski, 1959

Diagnosis. — “Rameaux épais, droits, percés d’orifices arrondis, bordés chacun au-dessous
par un large et court processus bilobe” (Kozrowski 1959a: 249).

Remarks. — Monotypic genus, the systematic position of which is unclear. Kozrowsk1
(1959a) noted that its affiliation with Coelenterata is uncertain. I suppose that Xenohydra
represents a group of cnlonial organism hitherto unknown.

Xenohydra labiata KozLowskl, 1959
(pl. 36: 1—4, pl. 37: 7)

Y959a. Xenolydra labiara Kozrowski; Kozrowski: 249, fig. 23.

Diagnosis. — As for the genus.

Material. — 34 flattened fragments of branches from boulder ZPAL 0.44 (Ordovician?
Silurian?) and 18 from the borehole at Mielnik (depth 1118—1124 m, Upper? Ordovician).

Description. — The specimens from Mielnik fully correspond to those from erratic boulder
ZPAL 0.44, previously described by Kozrowsk1 (19594). In a single case I found remains of
unknown element around opening in branch. The element resembles seated theca of some
modern Hydroida (pl. 36: 4).

Ultrastructure of periderm. — SEM micrographs very clearly show the two-layered charac-
ter of periderm (pl. 36: 1). The image obtained with the use of TEM gives more information
on ultrastructure. Differentiation into translucent and opaque layers, traceable under light
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microscope, appears to be due to differences in distribution of electronically denser deposits
in homogenic basic matter (pl. 36 :3). The opuque inner layer, forming about two-thirds of
thickness of periderm, displays numerous closely spaced and quite uniformly distributed deposits
(pl. 37: 7). The translucent outer layer shows deposits markedly less regularly distributed and
less numerous and even absent in its outermost part. The boundary between the two layers
Is very distinct. A thin Jayer built of granules of high electronic density covers uneven outer
surface of periderm. The granules most probably represent foreign bodies adhering the periderm.

Periderm is about 4—3 um thick.

Remarks. — The type horizon of Xenohydra lubiata remains unknown. In the paper by
Kozrowsk1 (1959a) and his unpublished notes no information may be found on accompanying
fossils, on the basis of which the boulder 0.44 was dated as Ordovician. It shoud be also noted
that the sample from that boulder and its residuum, housed at the Institute of Paleobiology
of the Polish Academy of Sciences, was unfortunately lost. This is important because of the
fact that some boulders, dated as Ordovician by Kozrowsk1 (1959a), were subsequently shown
to yield conodonts indicative of the Silurian (Dzik, oral inf.).

Occurrence. — Ordovician (and Silurian?) of Poland.

Genus Xenotheka EISENACK, 1937
Type species: Xenotheka klinostoma E1SENACK, 1937

Remarks. — E1SENACK (1937) noted similarity of these microfossils to some sessile
foraminifers. CusuMaN (1948) interpreted Xenotheka as representatives of Ammodiscidae,
LoesLicH and TappaN (1964) — of the family Allogromiidae, and JansoNius (1964) — as
one of incertae sedis genera of Chitinozoa. EiSENACK (19705, 1971) later supposed that the
microfossils were related to the Graptolithina and compared them with graptoblasts. According
to him small Xenotheka “Fortsatz” described from one of specimens (EISENACK 1970) may
represent a homolog of graptoblast filum and the tube to the cryptopyle.

According to my work Xenotheka cannot be related to graptoblasts. The fusellar tissue,
typical of graptolites (KozrLowsk1 1962, URBANEK and RiCKaRDs 1974) was not hitherto found
in Xenotheka and the similarity of “Fortsatz” to filum, i.e. stolon fragment, is questionable.
Here T would like to draw attention to the striking similarity of this genus to other organic
microfossils. The type material of X. klinostoma, figured by E1SENACK (1937), looks like a sicula
of benthic graptolite, ascribed to the Crustoidea by Kozrowskr (1971). Both microfossils
display elongated, flat-convex globular part attached to substratum, and identically developed
basal membrane. In both cases, a tube with annular structure is rising obliquely upwards from
the globular part. In X. klinostoma, the tube was named a “Miindungsrohr” and the rings —
as growth lines by Ei1seNack (1937), and in sicula of Crustoidea —— respectively as metasicula
and fusellar rings by KoziLowsk1 (1971). The specimens of the type series of the form studied
were lost so it is not possible to check whether or not the name X. klinostoma was not given
to sicula ascribed to Crustoidea by Koziowskl. The affinity of Xenotheka and Ordovician
problematic Chitinolagena Bykova is also not excluded.

The question of the systematic position of Xenotheka was additionally complicated by the
neotype of X. klinostoma, designated by E1sENAck (1970, fig. 1), wery closely resembling other
Ordovician organic microfossil — Ascosyrinx tenuis Kozrowsk1, 1967.

Xenotheka klinostoma EISENACK, 1937
(Ag. 22)

1937. Xenotheka klinostoma EiseNack; Ei1seNack: 239, figs. 21—22.
1970b. Xenotheka lklinostoma E1SENACK; EISENACK: 29, figs. 1-—2.
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1971.  Xenotheka klinostoma Eisexacx: EiseNack: 342, figs. 13--16.
1976. Xenotheka klinostoma E1SENACK; EISENACK: 184, fig. |.

Material. — A single specimen from erratic boulder Mz12s.

Description. — Specimen 640 um long, without a part attached to substratum. Distal part
of tube with weakly marked annular structure. Base trapezoidal in outline, smoothly passing
into tube. Periderm black, weakly glittering.

0.2mm

Fig. 22.
Xenotheka klinostoma E1seNACK (ZPAL VX/10). Boulder no. MZ/125, Poddebie, Ordovician.

Occurrence. — Ordovician erratic boulders {from the Baltic region (the so-called Ostseekalk,
i.e. Baltic Limestone), Oland Id — Vaginatum (Kunda) Limestone (EiseNACk 1937, 19705,
1971, 1976).

Problematicum A
(pl. 35: 6—7)

Material. — Two specimens from erratic boulder Mz/42 (Orzechowo), the FEoplacognathus
pseudoplanus Zone (Llanvirn).

Description. — Flat-convex microfossils irregular, close to suboval in shape. Periderm black,
weakly glittering, with circular perforations.

Remarks. — The nature of the microfossils described above is unclear. They may represent
cysts of Rhabdopleurida or Crustoidea.

Problematicum B
(fig. 23)

Material. — A single specimen from erratic boulder Mz/2 (Orzechowo), Ordovician (?).
Description. — Fragment of stolon about 2 mm long and with three nodes. Periderm dark-
brown, slightly glittering and somewhat translucent, more translucent in terminal parts of



Fig. 23.
Problematicum B (ZPAL VX/11). Boulder no. MZ;2. Orzechowo, Ordoviciun or Silurian.
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branchings only. Annulation of stolon clear, except for the proximity of points of branching,
where it Is missing or at least less clear.

Remarks. — The stolon appears strikingly similar to fragments of hydrosomes of some
modern Hydroida of the suborder Athecata, e.g. Coryne pusilla. GAERTNER (Corynidae) or
Fudendrium annulatum NORMAN (Eudendriidae). On the other hand, it is somewhat similar
to the stolons of Crustoidea. However, the available material is insufficient for reconstruction
of the taxonomic position of the specimen.

Problematicum C
(pl. 35: 4)

Material. — A single specimen from erratic boulder MZz/151, Ordovician (7).

Description. — Thick-walled stolon trifurcating into descendant ones. Descendant stolons
Sa and Sb connected with long “thecae”, becoming narrower in distal direction, and the stolon
Sc — ending with small, cup-shaped appendix.

Remarks. — The specimen undoubtedly represents a fragment of skeleton of a colony.
However, it differs markedly in morphology from similar structures known in Coelenterata,
Pterobranchia, as well as in the Graptolithina.

Problematicum D
pl 21:7)

1978b. ?Stolonodendrum sp.; MIERZEJEWSKL: p. 559.

Material. — Two specimens from erratic boulder Mz/88 (of Ordovician age), characterized
by MIERZEJEWSKI (1978b).

Description. — Clusters of markedly flattened stolons, strongly entangled in one plane.
Periderm smooth, black and matt.

Remarks. — The specimens appear very similar to both those described as stolons Sto-
lonodendrum sp. by Kozrowsk1 (19494, pl. 32:3)and stolons of hydrorhizae of Rhabdohydra
tridens Koziowsk1, described here (p. 153).
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EXPLANATION OF PLATES 1937

PLATE 19
Byronia naumovi KozLOWSK1, 1967
1. Ultrastructure of the outer part of the periderm: boulder no. ZPAL 0.121, Wyszogrod, Caradoc; TEM, 22000
Byronia robusta (Kozrowsk1, 1967)

. Ultrastructure of the periderm before the stroke of a strong electron beam; TEM, > 64000.

Inner part of the periderm; TEM, x36000.

. Transverse section of the periderm; TEM, x 12000.

. Ultrastructure of the periderm after the stroke of a strong electron beam; TEM, > 120000.

. Longitudinally fractured periderm; SEM, > 7800.

. Parabolic pattern in the fibre arrangement; % 54000.

Boulder no. MZ/39, Mochty, Ordovician.

Abbreviations: ¢ inner cavity of the scyphotheca, e outer pait of the periderm, / inner part of the periderm.
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PLATE 20
Rhabdohydra multiplex sp. n.

1. Holotype (ZPAL Hz. 1/1); a general view; < 50; b—d best preserved nodes; < 200; boulder no. ZPAL 0.186, Mochty,
Ordovician.

Rhabdohydra tridens KozLowsKi, 1939

2. Paratype no. I (ZPAL Hz.I/2); boulder no. ZPAL 0.182, Mochty, Middle Ordovician; x30.
. Paratype no. I (ZPAL Hz.1/3); Boulder no. ZPAL 0.182, Mochty, Middle Ordovician; a gencral view; <30; b—¢
best preserved nodes; > 120.
. Distal part of the stemy (ZPAL Hz.1/3); boulder no. MZ/14, Orzechowo, Ordovician; .- 30.
. Bifurcated proximal part of the stemy (ZPAL Hz.1/4); boulder no. ZPAL 0.334, Mochty. Ordovician, X 25.
. Regeneration of the stem (ZPAL Hz.1/5); boulder no. MZ/116, Orzechowo, Ordovician?; « 30.
. Proximal part of the stem with the fragment of hydrorhiza (ZPAL Hz.[/7); boulder no. 0.334, Mochty, Ordovician;
X 30,
. Fragment of the hydrorhiza (ZPAL Hz.1/8); boulder no. ZPAL 0.366, Zakroczym, Middle Ordovician; x 30.
9. Proximal part of the stem with the fragment of hydrorhiza (ZPAL Hz.1/9); boulder no. ZPAL 0.334, Mochty, Or-
dovician; % 30.
10. Small fragment of the stem and hydrorhiza (ZPAL Hz.1/10); boulder no. ZI’AL 0.366, Zakroczym, Middle Ordo-
vician; < 30.
11. Small fragment of the stem and hydrorhiza (ZPAL Hz.I/11); boulder no. ZPAL 0.334, Mochty, Ordovician; x 30.
Abbreviations: ffissure in the periderm, / sheaths of the hydranth stalk, fic stem, sir hydrorhiza, o subcircular opening
in the periderm, # regcnerated part of the stem, I, {1, I, etc. node numbers.

~N N A (98]
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PLATE 2t
Rhabdohydra tridens KozrLowskl, 1959

1. Top of the young stcm (ZPAL Hz.1/11); SEM, < 300.
2. Deviation of the stem growth direction at thc node level (ZPAL Hz.I/12); SEM, x 300.
3—4. Typical common bhases with hydranth sheaths (ZPAL Hz.I/12—13); SEM, x 300.

5. Fragment of the hydrorhiza with the initial part of the stem (ZPAL Hz.1/14); a — general view, x50, b fragment
of the specimen, %300, SEM.

6. Fragment of the hydrorhiza with the initial part of the stem (ZPAL Hz.l/15); SEM, x100.
All specimens from the boulder no. MZ/18, Orzechowo, Ordovician (Caradoc?).
Abbreviations: /t hydranth sheath, /ic stem, Ar hydrorhiza, x common base of hydranth sheaths.

Problematicum D

7. Tightly coiled stolons (ZPAL V.X/1); boulder no. MZ/88, Poddebie, Ordovician; SEM, x120.

PLATE 22
Rhabdohydra tridens KOZLOWSK1, 1959

1. Transverse section of the outer part of the stem periderm; TEM, . 16000.
2. Transverse section of the inner part of the stem periderm; TEM, x 18000.
3. Transverse section of the hydrorhizal stolon inner part; TEM, x22000.
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. Regular distribution of electron dense granules in the stem periderm; TEM, ca x 50000.
. Matenal infilling the inner cavity of the stem; TEM, ca >45000.

. Transversc scction of the hydrorhizal stolon outer part; TEM, ca x 35000.

. Material infilling the stem inner cavily conneccted with the periderm; TEM, x 35000.

Boulder no. ZPAL 0.334, Mochty, Ordovician.
Abbreviations: ¢ inner cavity of the stem or hydrorhizal stolon, fforeign body, g coarsc-granular layer, p
periderm, s material intilling inner cavities of the stcm or hydrorhizal stolon.

PLATE 23

Chaunograptus flexuosus (KozLOWSsKI, 1959)

. Transverse section of the theca and stolon; TEM, x6000.
. Ultrastructure of the theca periderm; TEM, X 36000.
. Material infilling the theca cavity; TEM, > 12000,

Boulder no. ZPAL 0.240, Zakroczym, Ordovician.

Chaunograptus adhaerens (KozLowskl1, 1959)

. Ultrastructure of the periderm and the organic matter infilling the theca cavity; TEM, 4 — x 2700, 5 — x 2700,

6 — x9300.
Boulder no. ZPAL 0.179, Mochty, Ordovician? Llandovery?
Abbreviations: o organic matter infilling theca cavities, p periderm, s stolon cavity, ¢ theca cavity.

PLATE 24

Flexihydra undulata Kozrowskl, 1959

. Accumulation of the organic matter (rom the theca cavity, comp. with pl. 24: 4; TEM, x22000.

Theca — fragment of the transverse section; TEM, x8000.

. Ultrastructure of the organic matter infilling the theca cavity; TEM, ca x 50000.
. Transverse section of the theca with the inncr accumulation of the organic matter (outline of the hydranth’s

body ?), comp. with pl. 24: 1; TEM, x2000.

Boulder no. ZPAL 0.15, Orlowo, Ordovician

Abbreviations: m organic matter infilling the theca cavity, p periderm, 1 orgamic matier — outline of the
hydranth body?

Sertularia argentea ELL. and Sorr, 1786

. Ultrastructure of the periderm; Medilerranean, recent, TEM, ca x40000.

Chitinodendron bacciferunt E1SENACK, 1937

. Irregular and subcircular accumulations of the organic matter from the vesicle cavity; boulder no. ZPAL 0.29,

Stara Warka, Llandeilo?; TEM, ca x10000.
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PLATFE 23

Rhabdoplcura vistulae Kozrowski, 1956

. Compostte cysts of sterile buds; SEM, ¢ x 100, b-—c details ot cysts, x 350.
. Sterile bud cyst with the peduncular and terminal stolons; SEM, > 100.

1
2

—4. Fragments of main stolon with sterile bud cysts; SEM, x200.
6. Fragments of main stolon with sterile bud cysts; SEM, > 250.
7

. One-sided flattening of the main stolon; SEM, x1500.
Gora Pulawska borehole, 8 m in depth, Montian.
Abbreviations: ¢ sterile bud cyst, ps peduncular stolon, s main stolon.

1—-8.

9—10.
1.
12—16.
17,

[

w

14+

PLATE 26
Rhabdopleurites primaevus KozLowsk1, 1967

Fragments of zooidal and/or stolonal fusellar tubes; x150.

Fragments of [usellar stolonal tubes with stolons; x100.

Fragment of coenecium composcd of zooidal and stolonal tubes and stolon; xca 80

Nonfusclar-fusellar fragments of stolonal tubes; x150.

Large fragment of coenecium composcd of stolonal tubes and stolons; X 50.

Abbreviations: f fuscllar part of the stolonal tube, s stolon, sp peduncular stolon, st stolonal tube, uf nonfuzellar
part of stolonal tube, x-—x boundary betwcen nonfusellar and fusellar parts of stolona! tubes, z¢ zooidal tube.
Boulder no. ZPAL 0.400, Mochty, Middle Ordovician.

PLATE 27

Rhabdopleurites primaevus Kozrowski, 1967

. Ultrastructure of the nonfusellar stolonal tube, transverse section; TEM, < 12000.
. Ultrastructure of the stolon; TEM, x45000.

Boulder no. ZPAL 0.400, Mochty, Middle Ordovician.

Koremagraptus sp.

. Fragment of the transverse section of the stolon trifurcation, transverse section; TEM, x 2000.
. Local porosity of the stolon material; TEM, x45000.

Boulder no. ZPAL 0.186, Mochty, Ordovician.
Abbreviations: ¢ cavity of the stolon, w wall of the stolon.

Kystodendron longicarpus (E1ISENACK) sensu KOzZLowski

. Ultrastructurc of the sterile bud cyst; boulder no. ZPAL 0.182, Mochty, Middle Ordovician; TEM, < 10000.

Kozlowskisyrinx graptovermiformis gen. n., sp. 1.

. Wall of the tube, fragment of the transverse section; boulder no. ZPAL 0.218, Zakroczym, Ordovician; TEM,

X ¢a 6000
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PLATE 28

Kystodendron ex gr. longicarpus (EISENACK) sensu KOZEOWSKI

1—5. Fragments ol zooidal tubes (ZPAL PL.ITE/); > 47.
6—10. Sterile bud cysts with lragments of stolons (ZPAL Pb.1I1/2); :47.
Biata Podlaska 2 borchole, 680—687 m in depth, Middle Ordovician.

Kystodendron longicarpus (E1SENACK) sensu KOzLOWSKI

11. Sterile bud cyst with yolk (?) substance (ZPAL Pb.Il/3); a <47, b <470.
12—-29. Sterile bud cysts (17—20 composite cysts) (ZPAL Pb. IT1/4); x47.
30. Distal part ol the sterile bud cyst (ZPAL Pb. I11/4); <470.
[. Proximal part of the sicrile bud cyst: (ZPAL Pb.111/4); *x470.
3. Distal part of the sterile bud cysts with terminal stolons (ZPAL Pb. II1/4); <470,
Specimens from the boulder no. ZPAL 0.166, Wyszogrod—Zakroczym, Ordovician.
Abbreviations: ¢ sterile bud cyst, ce composite cysts of sterile buds, ps peduncular stolon, s main stolon, ts ter-
minal stolon, y yolk (?) substance.

PLATE 29
Rhabdopleurites primaevus KozLowsk1, 1967

1—12. Stolons with stolonal tubes (ZPAL Pb. IlI}5); x50.
13. Fragment ol coenecium composed of the zooidal and stolonal tubes, main and peduncular stolons (ZPALFb.
1I1/6); =< 65.
Boulder ZPAL 0.400, Mochty, Middle Ordovician. .

?Kystodendron sp.

14—18. Fragments of main stolons with peduncular stolons and vestiges of sterile bud cysts (ZPAL Pb. III/7); %80
19. Sterile bud cyst with peduncular stolon (ZPAL Pb. II/7); x80.
Boulder no. ZPAL 0.25, Poznan, Ordovician.

Kystodendron tener sp. n.

20—30. Sterile bud cysts with stolons, 26 — holotypec (ZIPAL Pb.111/8—9); x47.
31. Largest sterile bud cyst (ZPAL Pb.111/10); < 47.
32—34. Fragments ol zooidal tubes (ZPAL Pb.Il1/11); <47.
Boulder no. M2/142, Poddebic, Upper Silurian.

Kystodendron complicatus sp. n.

35—41, Sterile bud cyst with stolons, 41 — holotype (ZPAL Pb.1H/12—13); =~ 47.
Boulder no. ZPAL 0.62, Orlowo, Upper Ordovician.
Abbreviations: ¢ cyst of sterile bud, ps peduncular stolon, s stolon, st stolonal tube, ¢s terminal stolon, zt zooidal
tube.
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PLATE 30

Beklentishevites grandis gen. n., sp. n.

. Fragment of the longitudinally fractured living tube; SEM, x200.
. Ultrastructute of the outer part of the living tube, transverse section; TEM, <1600.

“Bouligand patlern” in the arrangemcnt of fibres;TEM, % 9600.

IFragment of the longitudinally fractured living tube wall; SEM, x1600.

Ultrastructure of the living tube wall before the stroke of a strong electron beam; TEM, <35000.
Ultrastructure of the living tube wall after the stroke of a strong electron beam; TEM, X 35000.
Boulder no. ZPAL 0.324, Mochty, Ordovician?

PLATE 31

Sokolovites pogonophoroides KozrLowski, 1967

. Weakly marked transversal rings on the living tube surfuce (ZPAL Po.l/1); SEM, x400.

. Vestige of the membrane (m) and granular ultrastructurc (g) of the living tube; SEM, X 5000.
. Dctails of thc membrane; SEM, X 7400.

. Fragment of the living tube (ZPAL Po.I/1); SEM, x120.

. Fragment of the longitudinally fractured living tube (ZPAL Po.1/2); SEM, X120,

. Ultrastructure of the living tube wall; SEM, X 12000.

Chojnéw DOt by Zbilutka, Upper Tremadoc.

PLATE 32

Kystodendron longicarpus (EI1SENACK) sensu Koziowsk1

. Fragment of zooidal tube, ¢ ercct part, ¢ creeping part, note the zig-zag suture (ZPAL) Pb.1/14); boulder no.

ZPAL 0.166, Wyszogrod—Zakroceym, Ordovician; ¢ lateral view, x50, b dorsal view, %45,

Kystodendron sp.

. Fragment of the stolon with two sterile bud cysts (ZPAL Pb. 1/15); boulder no. MZ/18, Orzechowo, Ordovician

(Carodoc?); x100.

Kystodendron cf. subtilis (Kozrowsk1, 1959)

. Fragment of the coenecium composed ol stolon (s), sterile bud cyst (¢) and remnant of the periderm (p) (ZPAL

Pb.1/16); boulder no. ZPAL 0.533, Mochty, Middle? Ordovician; x240.

?Rhabdopleurites sp.

. Fragment of stolonal systcm (ZPAL Pb.1/17); a general view, x47, b enlargement of the specimen showing

remnant of the periderm (p), x100.

. Fragment of stolonal system (ZPAL Pb.1/18); x47.

Boulder no. ZPAL 0.693, Mochty, Ordovician.
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Beklemishevites grandis gen. n., sp. n.

. Holotype (ZPAL Po.lf2); ca 0.

Fragments of living tubes (ZPAL Po.1/4); ca x10.
Fragment of diagenetically flattened living tube (ZPAL Po.1/4); ca x10.
Boulder no, ZPAL 0.324, Mochty, Ordovician?

Chitinodendrum bacciferum EISENACK, 1937

2. Vesicle with stolon vestiges (ZPAL V.I/2); boulder no. ZPAL 0.240, Zakroczym, Ordovician; X 60.
. Three vesicles connected by stolons (ZPAL V.I/3); boulder no. ZPAL 0.533, Mochty, Middle? Ordovician;

X 60.

Vesicle with stolons in the transmitted light (ZPAL V.1/4); boulder no. ZPAL 0.240, Zakroczym, Ordovician;
ca X135,

Transverse section of the vesicle; boulder no. ZPAL 0.29, Stara Warka, Llandeilo; TEM, x900.
Abbreviations: { organic matter infilling the vesicle (subcircular concentration), g organic matter infilling the
vesicle (irregular concentration of grit-like matter), s stolon, v vesicle, w wall of the vesicle.

PLATE 33

Ascosyrinx tenuis Kozrowskl, 1967

. Fragment of the sole, transverse section; TEM, x4000.

. Sole surface covered with band-like thickenings; SEM, X 2000.
. Organic matter infilling the chamber; TEM, x6000.

. Ultrastructure of the inner zone of the tube; TEM, x43000.

Boulder no. MZ/96, Jaroslawiec, Ordovician, (Caradoc?).
Abbreviations: b band-like thickening of the sole, p pillar, s sole.

PLATE 34

Ascosyrinx tenuis KozLowskl1, 1967

. Fragment of the tube transverse section; TEM, x2200.

. Ultrastructure of the chamber periderm; TEM, x55000.

. Ultrastructure of the innermost chamber periderm; TEM, X 5000.

. Fragment of the longitudinally [ractured tube periderm; SEM, x 8000.

Boulder no. MZ/96, Jaroslawiec, Ordovician (Caradoc?.
Abbreviations: i inner zone of the tube, /n organic matter infilling the chamber, o outer zone of the tube, p peri-

derm.
Chitinodendron bacciferum EISENACK, 1937

Ultrastructure of the vesicle wall (w) and grit-like matter (m); TEM, ca 16000,
Ultrastructure of granular (g) and homogenic (h) subcircular concentrations from the vesicle cavity; TEM,

X 9000.
Boulder no. ZPAL 0.29, Stara Warka, Llandeilo.
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Hydroida? Gen. et sp. indet.

7. Ultrastructure of the periderm; boulder no. ZPAL 0.26, Poznan—Czerwonak, Middle Ordovician; TEM,
% 52000.

Eudendrium capillare ALDER, 1857

8. Ultrastructure of the periderm; Mediterranean, recent; TEM, ca x 50000.

PLATE 35
Dendrograptidae, gen. et sp. indet.

1. Fragment of the rhabdosome with circular perforations (ZPAL G.IX/2); boulder no. MZ/42, Orzechowo,
Eoplacognathus pseudoplanus Zone (Lanvirn); SEM, %250,

Ascosyrinx tenuis Kozrowski, 1967

2. Specimen with the partly preserved tube (ZPAL V.X/5); boulder no. MZ/96, Jarostawiec, Ordovician (Caradoc?),
SEM, x45.
Abbreviations: ¢ chamber, cc chamber cavity, s sole, ¢ tube.

Eisenackisyrinx curvatus gen. n., sp. n.

3. Holotype (ZPAL V.X/6); boulder no. MZ/42, Orzechowo, Eoplacognathus pseudoplanus Zone (Llanvirn); SEM,
% 200.

Problematicum C

4. Stolon (s) with three secondary stolons (sa, sb, sc) (ZPAL V.X/7); boulder no. MZ/151, Warszawa, Ordovician;
SEM, x200.

Inocaulis sp.

5. Proximal part of the hydrocaulus (h) with the hydrorhiza (hy) (ZPAL Hz.1/16); Podborowisko 1 borehole,
396.30—397.30 m in depth, Arenig; SEM, %150,

Problematicum A

6—7. Specimens with the perforated periderm ZPAL V.X/8; boulder no. MZ/42, Orzechowo, Eoplacognathus pseu-
doplanus Zone, Llanvirn; SEM, < 200.

PLATE 36
Xenohydra labiata KozrLowsk1, 1959

I. Transversely fractured periderm ZPAL V.X/9; SEM, x350.
2, Fragment of the branch ZPAL V.X/9; SEM, x180.
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. Ultrastructure of the periderm; TEM, x 2400.

. Bilobate processus with the theca? remnant ZPAL. X/9; SEM, x300. Boulder no. ZPAL 0.44, Poznai—Czer-
wonak, Ordovician? Silurian? Abbreviations: b bilobate processus, ¢ outer layer of the periderm, i inner layer
of the periderm, ¢ theca? remnant.

Kystodendron subtilis (KozLowsk1, 1959)

. Distal part of the sterile bud cyst ZPAL Pb.1/18; SEM, : 100.

. Proximal part of the sterile cyst bud ZPAL Pb.l/18; SEM, x100.
. Sterile bud cysts: ZPAL Pb.1/18; SEM, Xx60.

Boulder no. ZPAL 0.121, Wyszogrdd, Middle Caradoc.

PLATE 37
Kozlowskisyrinx graptovermiformis gen. n., sp. n,

. Holotype ZPAL V.X/10; boulder no. ZPAL 0.218, Ordovician, Zakroczym; xca 100

. Specimens accompanying the holotype ZPAL V.X/11; boulder no. ZPAL 0.218, Ordovician, Zakroczym;
Xca 100,

. ZPAL V.X/12; boulder no. ZPAL 0.470, Mochty, Middle? Ordovician; xca 100.

Xenohydra labiata Kozrowski, 1959

. Ultrastructure of the inner layer of the periderm boulder no. ZPAL 0.44, Poznan—Czerwonak, Ordovician?
Silurian?; TEM, x60000.

Chitinodendron bacciferum EI1SENACK, 1937

. Ultrastructure of the vesicle periderm p and grit-likc matter; boulder no. ZPAL 0.29, Stara Warka, Llandeilo ?;
TEM, x18000.
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Acanthograptus . ... ..o 165 Byronia sp. A . . . . . . . . .. ... 132, 148
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Awbaria . . . . . m Chitinodendron . . . . . . . . . . . . . 149, 196

Chitinolagena . . . . . . . . . . . . . ... 200

Clava . . . . . . . 1))

B Climacograptus sp. . . . . . . .. ... 135,136
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compacta Rhabdopleura . . . . . 172, 173, 204, 207

bacciferum Chitinodendron 132, 133, 135, 137, 182, complicatus Kystodendron 133, 174, 182, 188, 190, 191,

196, 197, 210, 214, 216 193, 212

halticus Rakvereprion . . . . . . . . . . . . . 138 cocksi Myriothela . . . . . . . . . . . ... 206
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Beklemishevites . e e e e .. 170 contortus ,,Chaunograptus™ . . . . . . . . . . 165
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Crinocaulis . . . . . . . . . . . . . . 163
curvata Pavachivine . . . . . . . . . . 137
curvatus Eisenackisyrinx . . . . 137, 197, 198. 215
Cvathochitina sp. . . . . PR I 1
cyclorinophilum Cu(flmplmendmm e 136
Cylindrotheca . . . . . . . . 138, 149, 183, 187
D
delmeri Rhabdopleura . . . . . . . . . 81
Dendrograptus sp. . . . . . . . . . . . . . 133
dendroidea Pulaeotuba . . . . . 149, 151, 160, 161
Dendrophrya . . . . . .. . . 196
Dendrotubus sp. . . . . . . .. .. .. 13
Desmochitina sp. . . . . . .. .. .. .. 136
Desmohydra . . . . . . .. 143, 144, 149, 162, 163
dichotoma Palaeotuba . . . . . .| . 160, 177. 179
Dictyonema sp. . . . . . . . . 133,135, 136, 140
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Diplohydra . . . . . . .. .. . . 149, 197
Diplospirograpius . . . . . . . . . . 165, 166
Dithecodendrum . . . . . . . . . . . . . . 145
E
Eisenackisyrinx . . . . . . .. . . ... .. 197
Locephalodiscus . . . . . . . . . . . . . . 17
Eorhabdopleura . . . . . . . . . . . . . 181, 183
Epalloliydra Lo o143, 14, 149, 162, 163
Epigraptus . . . . . . . . . .. ... ... 176
FEpigraptus sp. e R ¥
Epigraptus sp. . . . . . . . .. . . . .. . 137
erraticus Kozlowskimbus . . . . . . . . 137,138
Estoniocaulis . . . . . . . . . . . . . . 165
Eunice . . . 198

expectatus Rhabdopleurondcs ]12 133. 134 17‘2, 176 177

F
Flexihydra . . . . . . . . . . . . . . . 149 168
flexilis Sotograptus . . . . . . . . . . . . . . 144
flexuosa Desmohydra . . . . . . . . . . 163, 164
flexuosus Chaunograptus 134, 135, 136, 137, 163, 164.
165, 210
Sragilis Mochiyella . . . . . . . . . . . 137,138
G
gemellithecara Calyxhydra . . . . . . . . . . 168
goldringae Diplospirograptus . . . . . . . 165, 166
gonothecata Diplohydra . . . . . . . . 133, 134, 197
gonothecatus ,,Chaunograptus”™ T I %
Grammaria . . . . . . . .. .. ... . 166,167

grnndi" Beklemishevites 129, 130. 135, 140, 170. 213, 214

graptolithiformis Hyvdrallmania

Graprolodendrum sp.

graptoloides Cnlvvdendrum

208
136
205

graptovermiformis Kozlowskisyrinx 135, 116 194 198,

Graptovermis
Gymnograptus

Haplograptus
Homoctenus sp.
Iivdra

Idiotubus

immersa Grammaria
Inocaulis

Inocaulis sp.

intestinalis Graptovermis

irregularis Calyxhydra
Ivanovites

kirki Inocaulis .
klinostoma Xenotheka
Koremagraptus
kovzlowskii Epigraptus

kozlowskii Rhabdopleura I72

Kozlowskisyrinx
Kozlowskitubus

kuckersiana Cyathochitina cf

199, 211, 216
198
207

162
.. 137
150, 207

176

A Y
. 165, 166, 167
132, 167

198

168

169

167

138, 200, 201, 205

. 149, 165, 211
137

. 181, 184, 186, 206

198
177
136

Kystodendron 138, 149, 172, 181, 182, 1‘33 184 185 187,

Kystodendron sp.
?Kystodendron sp. A
?2Kystodendron sp. B

labiata Xenohydra

Lagenochitina sp.
Lagenohydra

Leiosphaera sp.

longicarpus Clulmodemlrnn
longicarpus Kystodendron
181, 182, 183, 184, 18§,
longicarpus Kystodendron ex gr.
longispinosum Baltisphaeridium

192, 193, 196, 197

137, 212, 213
191, 193
134, 174, 192

, 133, 199, 200, 215, 216

.. 137
149, 193
135

183, 185, 186. 196
133, 134, 135, 138,
, 187, 211, 212, 213

131, 186, 212
137
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longithecata Diplohydia
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M

magnificum Bulmanidendrum

magnus Rhytiprion Y
Mastigograptus 145, 152, 162, 176, 179, 180, 192,
Mastigograptus sp. . . 165,
YMelanorhachis sp. o
Micrograptus 176,
Micrograptus sp. ..
micropedunculata Dtp/ulndra 134,
minor ovulum Desmochilina
mirabilis Stephanoscyphus T
multiplex Rhabduhydra 135, 152, 159,
muitabile Graptolodendrum
Myriothela
N
naumovi Byronia 135, 141, 145, 146, 148,
Nausithvé
normani Rlzabduplemn ..
novellus Chaunograptus 163,
(o)
oerstedi Batophora 165,
ordoviciana Byronia
P
palma Tarnagraptus e e
Palaeotuba 149, 151, 160,
Palmatophycus . . . . .
purasiticium Slolunodendrum 175,
Paulinites sp. . e
phragmata L\gtnohydra . 133, 193,
Phragmohydra 149,
Physalia
physalis Physaliu ..
Pistoprion sp. . 137,
plunulophorus Sleplmnon)phu\ .
plumulosa Inocaulis L. . 165,
polycephala Palaeotuba 149, 151, 160,
polycephala Palaeotuba cf. e
pogonophoroides Sokolovites 131, 136, 169,
Polychaetaspis
porosus Cyclocrinores .
primaevus Rhabdopleurites 129 130 136 161 172.
177, 178, 179, 180, 211,

primitiva Ancyrochitina
prisca Gloeocapsomorpha
proboscifera Conochitina

197
137

143
138
208
166
137
192
137
197
138
144
209
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150

208
144
182
164

166
148

143
16l
166
176
137
194
199
150
206
138
208
167
161
162
313
137
136
176
212
137
203
136

profunda Cylindrotheca 174,
Psammatodendron .
Pterobranchites 171,
punctata Nausithoé .
pusilla Coryne
R
Ramulina .
recta Desmohydra?
reniformis Poramilla e
Rhabdohydra 149, 151,
2Rhabdchydra sp. . . 137, 160,
Rhabdopleura 138, 171, 173, 174,175, 181, 184, 185,
205, 206,
robusta Byronia 129, 130, 137, 140, 141, 145, 146,
148,
robusta Conochitina .o
robustus Ascosyrinx 146,
Rhabdopleurites e e e e e
?Rhabdopleurites sp. 131, 136, 180, 181,
Rhabdopleuroides 143, 162, 175,
Rhizamina
S
schmidti Discograpius 133,
serpens serpens Filellum
Siberiodendrum
Siberiograptus . . . . . . . ..
Siboglinum sp. .
siculoides Conitubus 175,
Silicularia .
simplex Inocaulis -
simplex Stephunoscyphus cf.
Sokolovites e
solida Diplohydra 133, 134,
sphaericola Chaunvgraptus
stentor Grammaria e
Stephanoscyphus 141, 144, 204,
Stephanoscyphus sp. 141,
Stolonodendrum 175,
Stolonodendrum sp. . 179,
Siolonodendrum sp. A—F N
subtilis Cylindrotheca . 153, 186, 187,
subtilis Kystodendron 133, 134, 182, 183, 185, 186,
188,
subtilis Kystodendron aff. 136, 188,
subtilis Kystodendron cf. . 188,
symmetrica Lunoprionella 136,
Symmetroprion sp.
T
Tasmanites sp. 135, 136,
tener Kyslodcndron 138 174 181 183 191, 192,
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tenuis  Ascosyrinx 134, 135, 136, 137, 148, 195, 196,

200, 214,

Tetraprion sp.

Thallograptus . . . . . . .
trapezoides Mochiyella ex gr.
Tricyclusa . . . . . . . . . ..

tridens Rhabdohydra 129—138, 151, 152, 153, 154,

156, 157, 158, 159, 160, 162, 203,
Trimerohydra . . . . . e
U
undulata Flexihydra . . . . . . . . . . . 168,
urbaneki Eorhabdopleura . . 173, 179, 183, 184,
Vv

vermiformis Chaunograptus . . . . . . .

vistulae Rhabdopleura 172, 174, 181, 182, 183,

215
137
165
137
150
155
209
149

210
185

165
211

Vistulella sp. .
vysoczkianum Dictyonema

zigzag Desmohydra

Xanioprion sp.
?Xanioprion sp.
Xenocyathus
Xenohyvdra
Xenotheka

137
140
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137, 138
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